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Foreword

Readers who scan the list of contributors to this timely
volume will know it promises to contain much needed
fresh insights and new approaches to The Brain And Spinal
Tumors Of Childhood. The deceptively simple title encom-
passes a complex set of clinical, biologic and genetic 
problems.

One of the immediate and obvious difficulties is inher-
ent if one considers the word tumors. Not long ago,
patients being seen at a major center for a variety of onco-
logic problems were asked whether they had been told
they had cancer. Most answered yes, but many with brain
tumors answered no. This was reported with a figurative
cluck of the tongue. Had these patients been denied the
truth, or – in truth – did these many not have cancer? 

Conflating brain tumor with malignant disease estab-
lishes a mindset. The American Cancer Society (ACS) com-
pilation of cancer survival rates for children includes in its
table the category “brain and other nervous systems”1.
However, benign tumors account for about half the central
nervous system (CNS) tumors listed by the Surveillance,
Epidemiology and End Results (SEER) program, which
provides the database for the ACS reports2. Careful perusal
of Chapter 5 will reward the reader in this connection.

To be sure, many such benign masses can be lethal, in
the same way that an enlarging hemangioma of the larynx
can throttle an infant. There is too much of a not very bad
thing in a very bad, very tight, vitally important space. This
mindset has important clinical consequences. Despite
their frankly benign or quasi-benign histologic appear-
ance (i.e. low-grade characteristics) most enlarging CNS
masses are treated as though they were malignant. This is
done perhaps partly in frustration, but also because the
treatments used for malignant diseases are familiar, toler-
ance doses are established, and nothing better is available.
It calls to mind the intrathecal drugs used for prophylaxis
and therapy of the meninges threatened by cancerous
cells of epithelial or mesodermal origin. Methotrexate,
cytarabine and hydrocortisone are commonly employed
not because these nonleukemic cell types are known to be
sensitive to those particular topically applied drugs. They
are adopted largely because they have been used in thou-
sands of patients with leukemia, and oncologists are thor-
oughly familiar and comfortable with them.

The thought evokes the old joke having to do with the
drunk seen in the dead of night on all fours looking for
his car keys under the street lamp, “Because,” he explains,
“the light is better here than in the dark alley back there
where I dropped them.”

The point is that such conflation of the very dis-
parate benign lesions with the malignant is bound to dull
the thrust towards needed different, novel means of
managing this important portion of the total CNS tumor
number.

Certainly, adjuvant antimitotic therapies have been
successful, as might be expected in the management of
clearly cancerous CNS neoplasms like the medulloblas-
toma. But CNS tumors defy the rules. The very undiffer-
entiated glioblastoma multiforme with its high mitotic
index should be very responsive to chemo radiotherapy,
yet it continues on its lethal trajectory despite adjuvant
treatments. By contrast, the craniopharyngioma – basically
a wen – can be irradiated successfully (Chapter 20), and
the bland-appearing optic nerve gliomas, with few if any
visible mitoses, can be controlled for varying periods of
time by chemotherapy and/or radiotherapy3.

Such broad statements obscure some critical facts in
individual cases and in wider discussions of CNS tumors.
One of them is that the written histopathologic report
may reflect a compromise position taken by the neuro-
pathologist when reviewing the all too often scant biopsy
material derived from a particular patient. The nuances
that affect decision-making cannot be imparted in the
bald written report. These remarks serve only to empha-
size the obvious; namely, the neuropathologist plays a
central role in all these discussions. Not only must that
specialist be included in strategy planning sessions, but
should also be consulted when the therapy to be adopted
for individual patients is being considered. Indeed, a 
regularly scheduled, periodic combined clinicopathologic
review session is critically important in any neuro-oncology
center. All members of the team should be present. There
is no better way for the continually evolving concepts in
neuropathologic diagnosis of CNS tumors to be brought
forward and made palpable.

That classifications and categorizations of these lesions
are being changed and rethought is well brought out in



Chapters 3 and 5. They also make evident the need for
the neuropathologist to be part of the planning team
when clinical trials are being evolved.

Major advances have nonetheless been made in local
control measures. The operating microscope and the
Cavitron® have made it possible for neurosurgeons to
remove tumors completely and safely.

Radiation therapy (RT) methods are improving at a
rapid pace. Means of delivering RT to the tumor volume
with very little dose to adjoining normal cells have been
notable. Included in such techniques are radiosurgery,
intensity modulated radiation therapy (IMRT) and 
three-dimensional conformal RT. On the horizon is an
expanding number of proton irradiation facilities. They
will build on the pioneering clinical studies started
decades ago at MlT and Uppsala to name but two. Even
heavier charged ion beams are being explored for clinical
use. These particulate forms will mean that long-term
survivors will suffer fewer of the late delayed damage seen
after conventional photon RT, as explained in Chapter 10.

The sharp edges of these more localized therapies have
their disadvantages, however. They are so sharp there is
the real hazard of geographic misses, i.e. unaccounted-for
cells just beyond the designated volume at risk might be
excluded from the beam.

Here, the extraordinary improvements in imaging
methods can play a role. Certainly, the advent of magnetic
resonance imaging (MRI) has made possible unimagin-
able accuracy in the pre- and post-operative assessment of
tumor extent. More recent innovations such as positron
emission tomography (PET) and single photon emission
computed tomography (SPECT) identify active tumor
cells. Magnetic resonance spectroscopy (MRS) can even
suggest the histologic tumor type.

There is still room for improvement in the therapy 
of CNS tumors that have been shown to be chemo-
responsive. With other cancers, many of the recent
advances have been achieved through the better combi-
nation of existing drugs. This can be done with CNS
tumors too, with the occasional addition of new and
promising agents like the imidazotetrazine derivative
temozolomide.

The approaches being taken with a kindred neoplasm
of neural crest origin, the neuroblastoma (NBL), offer
encouragement. These entail, for example, the addition of
biologic modifiers to bring under control the few remain-
ing cells after more standard treatments. It was found that

13-cis-retinoic acid, an inducer of differentiation, was
effective in improving survival rates when added after the
aggressive treatments used in stem cell transplant regi-
mens. Might a similar approach be beneficial in the
embryologically and morphologically similar medullo-
and retinoblastoma? The latter resembles neuroblastoma
even in having its benign counterpart (the retinocytoma),
and – albeit rarely – appearing to have the capacity for
spontaneous regression.

No less cogent, the molecular genetic pathways that
lead to the malignant transformation of the anlage cells
are under intense investigation. Elegant laboratory stud-
ies by Tang et al.4 have shown that transfection of EPHB6
(a tyrosine kinase family receptor) with cDNA into a
human NBL cell line can transform the malignant cells
into their benign phenotype both in vitro and in an in vivo
murine model. Modification of CNS cell tumor behavior
rather than cell kill techniques through molecular genetic
manipulations beckon. Chapter 23 offers some insights.

It remains for the neuro-oncologists to orchestrate
these many strains. This can only be done through gen-
uine collaboration among all the principal players, each
with his or her instrument ready to join the concerted
effort that is needed. This concerto, until recently played
lento and only in a minor key, is now enlivened by much
happier notes and a rising tempo.

Giulio J. D’Angio, MD 
Professor Emeritus 

University of Pennsylvania School of Medicine 
Philadelphia, PA, USA

October 2003
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Joachin Kühl

A few months before the publication of this book, Joachin
Kühl succumbed to a brain tumour. It is an absurd fate for
a physician to die of the disease against which he dedicated
a great part of his professional life and his research.

Joachin Kühl graduated at the University of Wurzburg
where he became responsible physician for the paediatric
oncology department in 1979. In 1981 he completed his
training in paediatrics, becoming a professor of paedi-
atrics in 1994 and Extraordinary Professor in 2002.

In 1987 Joachin Kühl founded the German Brain
Tumour Study Group. He chaired various national coop-
erative trials in malignant brain tumours in children and
young adults. He initiated the Brain Tumour Network in
Germany, coordinating research activities in the field of
paediatric neuro-oncology. This project was financially
supported by the German Children’s Cancer Foundation
and served as a model for cancer care and research in

children throughout Europe. Joachin was awarded the
Bundesverdienstkreuz Cross in recognition of service to
the state in August 2003.

The colleagues who worked closely with him say that
Joachin Kühl was a fair, enthusiastic, critical partner. He
gave a cohort of young doctors the chance to realise their
potential; he was always capable of transferring responsi-
bility to the young chairmen without backing away when
discussion was needed.

He distinguished himself by his perennial enthusias-
tic, extremely serious, consistent and determined scien-
tific attitude. He was everybody’s highly appreciated
German friend. The paediatric neuro-oncology commu-
nity will miss him.

The editors
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The idea for this book arose during the mid-1990s, when
the editors and authors were meeting each other in the
specialized neuro-oncology multidisciplinary teams that
were developing in children’s hospitals, the national and
international meetings where advances in clinical prac-
tice and applied research were reported, and the strength-
ening national and international clinical trials groups
developing in Europe and the USA. The first editorial
meeting took place in a bar in Leuven, Belgium – so it
could be said that Belgian beer was an important source
of inspiration!

Until now, most books concerned with pediatric oncol-
ogy have placed the information about primary central
nervous system (CNS) tumors within a single chapter,
national trials groups have discussed the many tumor
entities under a single agenda item, and neurosurgical
collaboration in the design of trials has been a rare event.
The European and international communities of pedi-
atric neurosurgeons had done their best to promote the
needs of these children through their own meetings and
literature. However, standard use of radiotherapy after
resection, whilst deliverable in the majority, was techni-
cally the most difficult radiotherapy to give, and it was
seen to be damaging to the developing brain. Most reports
of such approaches were institution-based, with small
numbers of patients recruited over prolonged time peri-
ods. The closer involvement of pediatric oncologists in
this field started to give access to the organizational
infrastructure and expertise for the conduct of clinical
trials, which had been applied to childhood leukemia
and other solid tumors.

All of us were unhappy that, despite a small number
of clinical trials in Europe and the USA investigating
chemotherapy in medulloblastoma, the results of treatment
were improving only slowly, if at all. We were all starting
to see increasing numbers of children with rarer malig-
nant tumors, as well as substantial numbers of children
with so-called benign tumors. There were very few topics
upon which there was clear consensus about diagnostic

criteria, staging procedures, treatment strategies, and
outcome measures, let alone methods for measuring
long-term quality of survival. The overall survival for
all brain tumors, when assessed together, had not improved
noticeably in more than a decade, only half the patients
were being seen at diagnosis by specialist neuro-oncology
teams, and the quality of survival for those who were
treated and survived from the previous era was seen to be
very poor for some. There were regions in Europe where
there were few specialist pediatric neurosurgeons; even
among pediatric neurosurgeons, very few were prepared
to work with pediatric oncologists in multidisciplinary
clinical teams and research groups. Nihilistic attitudes
towards adults with malignant brain tumors undoubtedly
influenced philosophy towards children. Pediatric oncol-
ogists found themselves being drawn into delivering
complex anticancer treatments, in parallel with trying 
to achieve complex neuro-rehabilitation, within health
systems where child-focused resources are insufficient,
fragmented, and poorly organized for someone with
acquired brain injury. Pediatric oncologists found them-
selves inadequately trained for this; what is more, they
found that their colleagues in the educational system
were unaware of the impact of acquired brain injury on a
child’s subsequent capacity for education and personality
development.

The publications and meetings during the 1990s were
focused upon reporting pilot data from institutional
studies, literature reviews, survival data from the cancer
registries, preliminary information on the biology of
these tumors, and the results of a small number of
cooperative trials as they matured. This led to the estab-
lishment of new consensus views on diagnostic and ther-
apeutic approaches. It was very important at this time
that we worked separately from our colleagues in adult
neuro-oncology, as the spectrum of disease in childhood
was markedly different, high-grade glioma being, in con-
trast, the rarest of the childhood tumor categories. Fur-
thermore, new tumor entities specific to the childhood
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age range were emerging, such as desmoplastic infantile
ganglioglioma (DIG), dysembryoplastic neuroepithelial
tumor (DNT), and the monomorphous polymyxoid
astrocytoma. Finally, the balance of risks considered for
any clinical intervention was influenced heavily by the
age and stage of physical growth and development of the
young patient.As these new, child-focused consensus views
emerged, it became clear that there were questions that
needed answering through clinical and basic research, as
well as the need to test new ideas for therapy in clinical tri-
als. Attempting a clinical trial in almost any of the tumor
groups required international (in Europe) and cooperative
group (in the USA) collaboration if sufficient numbers
were to be recruited for statistical analysis. International
cancer registry data at the beginning of the new millen-
nium now show that the survival rates for primary CNS
tumors are rising, giving reward for the efforts of those
involved in these early cooperative efforts. However, myste-
riously, it would seem that the incidence rates are rising too.
Reliable explanations for this phenomenon are awaited.

Leading up to and since the beginning of the new mil-
lennium, the observations in the clinic have generated a
variety of hypotheses that are testable through scientific
and clinical research. They are likely to be highly infor-
mative. There is now a great need to establish links with
neuroscientists, experts in the biology of brain develop-
ment, tumor biology, mechanisms of brain injury, and
techniques of neuroprotection, as well as the complex
processes of neurodegeneration that have been the focus
of so much adult research. These scientists have found
the links to pediatric neuro-oncology fascinating and
tempting. However, the complex ethics of childhood
research as well as the rarity of spare biological material
pose special problems requiring multicenter research
group methodologies, which are inevitably slow. The era
of the international clinical trial (in Europe) and the
cooperative group clinical trial (in the USA) for CNS
tumors has opened in earnest. New ideas are being tested,
multicenter collaboration is established, and, as a result,
the future looks good for the child and family as well as
the clinical and scientific investigator.

The comprehensive care of a child with a primary
CNS tumor requires specialized knowledge and a broad
range of technical expertise, specialist equipment, and
facilities, as well as established care pathways to lead the
child and family through the complexities of modern
health, education, and social care services. A child with a
brain tumor, and their family, may encounter a wide vari-
ety of individuals fulfilling up to 55 different clinical, social,
educational, and even political roles, each critical to the
child’s care at some time in their journey. In addition, each
role may be played by more than one person. It is hardly
surprising, therefore, that children, their families, and

even the professionals involved can have some difficulties
with team working and “joined-up thinking.” This book
is an attempt to bring together the issues related to deci-
sion-making in this complex patient journey so that a
greater level of mutual understanding about the needs of
the child can be achieved between us all.

Much of this knowledge is not part of conventional
medical, nursing, educational, or social professional train-
ing, at either undergraduate or postgraduate level. Within
the childhood cancer specialties, neuro-oncology is emerg-
ing as an independent subspecialty, further justifying a
systematic review of what is known about this area of
clinical practice, which we hope will inform established
specialists and trainees alike but also, most importantly,
will facilitate further service development.

This book is an attempt, therefore, to bring together
in a single volume the conclusions of the debates of the
1990s. We hope that it will herald the beginning of an era
where standard pediatric oncology textbooks either
devote a chapter to each group of primary CNS tumor
entities and explain the basic principles of clinical neuro-
science practice relevant to CNS tumors, or omit them
altogether so that specialist books such as this can give
the subject the emphasis it deserves. The cooperative
groups are already considering the needs of each primary
CNS tumor entity under their own agenda headings.
Collaboration with our neurosurgical colleagues in design-
ing trials is now the routine.

The authors of this book are from Europe and North
America because we met each other at these meetings.
We have tried to make the text relevant by including
illustrations, images, summary boxes, and clinical sce-
narios to keep the needs of patients central in the reader’s
mind. We anticipate, therefore, that the readership will
come from a wide range of professional and scientific
backgrounds, including children’s medicine and nursing,
diagnostic imaging, neurosurgery, neuropathology, and
radiotherapy (clinical oncology) rehabilitation special-
ists in health, social, and educational services. This book is
intended to be not a “bible” but an expanded handbook
providing accessible information for all of these specialists.

Finally, the focus in this book of our efforts as neuro-
oncologists is not simply to describe how to cure children
with primary CNS tumors but to describe, comprehen-
sively, how to care for them with attempted cure being
the objective for each patient at the outset of therapy.
This idealized approach can be achieved only by integrat-
ing the acquisition of data from research-based clinical
practice and the timely application of these new data
back to research-based clinical practice as soon as they
are reliable. By this method, the possibility of cure for 
all can be pursued whilst ensuring that care for all is
delivered to the highest possible standard.
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(a)

(b)

Plate 1 Medulloblastoma and desmoplastic medulloblastoma
(World Health Organization grade IV). (a) Poorly differentiated,
blue-cell neoplasm with formation of neuroblastic (Homer—
Wright) rosettes. (b) The desmoplastic medulloblastoma features
differentiating tumor-cell islands surrounded by reticulin fibers.

Plate 2 Medulloepithelioma (World Health Organization grade
IV). This primitive neuroepithelial neoplasm exhibits prominent
neural tube-like structures.

(a)

(b)

Plate 3 Atypical teratoid/rhabdoid tumor (AT/RT) (World Health
Organization grade IV). Highly cellular neoplasm composed of
rhaboid, neuroepithelial, ectodermal, and mesodermal elements.
Immunohistochemical reactions are helpful in identifying 
these components. (a) Hematoxylin and eosin staining; 
(b) immunohistochemical reaction with an antibody to vimentin
yields a characteristic perinuclear staining pattern.



(a)

(b)

(c)

Plate 4 Anaplastic astrocytoma (World Health Organization
grade III) of the brainstem (malignant brainstem glioma). 
Diffusely infiltrating, malignant gliomas of the brainstem carry 
a dismal prognosis. (a) Hematoxylin and eosin staining; 
(b) immunohistochemical reaction with an antibody to glial
fibrillary acidic protein; (c) immunohistochemical reaction with an
antibody to the proliferation-associated Ki67 antigen.

(a) (b)

Plate 5 Pilocytic astrocytoma (World Health Organization grade I). Microscopic hallmarks of this neoplasm include elongated, bipolar
tumor cells, Rosenthal fibers, and protein droplets. (a) Hematoxylin and eosin staining; (b) immunohistochemical reaction with an
antibody to glial fibrillary acidic protein.



(a)

(b)

(c)

Plate 7 Pleomorphic xanthoastrocytoma (World Health
Organization grade II). Polymorphic astrocytic neoplasm (a) with
fascicular growth, foamy cells, and a superficial component with
production of reticulin fibers (b) and expression of glial fibrillary
acidic protein (c). In contrast to their pleomorphic phenotype,
many of these gliomas show a rather benign course.

Plate 6 Pilomyxoid astrocytoma. Such a variant shows a
mucinous background and a prominent angiocentric pattern.



Plate 10 Papillary meningioma (World Health Organization
grade III). This anaplastic meningeal tumor features prominent
papillary architectures (immunohistochemical reaction with an
antibody to vimentin).

Plate 11 Germinoma. Malignant germ-cell tumor, showing a
combination of epithelioid neoplastic cells and prominent
lymphocytic infiltrates. The histopathological appearance is
indistinguishable from seminomas of the testis. Other germ-cell
components, such as yolk sac or teratoma elements, must be
excluded.

Plate 8 Ependymoma (World Health Organization grade II). Glial
neoplasms characterized by the formation of ependymal and
perivascular rosettes. Anaplastic variants exhibit hypercellular,
poorly differentiated components with marked mitotic activity.

(a)

(b)

Plate 9 Dysembryoplastic neuroepithelial tumor (DNT).
Multinodular, cortical neoplasm (a) characterized by islands of
clear cells in a mucoid matrix, floating neurons (b), and
formation of columnar patterns. The adjacent cortex may show
dysplastic change. Complex DNTs contain areas of pilocytic
astrocytoma in addition.



Plate 13 Digitally reconstructed radiograph displaying oblique
portal for posterior fossa boost.

Plate 12 Beam’s-eye view of three-dimensional treatment planning of posterior fossa fields.



Plate 14 Conformal radiation therapy of an optic nerve sheath meningioma in a 15-year-old boy. Treatment plan in 
three-dimensional conformal therapy. Radiotherapy is focused on the tumor site. The contralateral eye is spared completely, and
the doses to the pituitary gland and the optic chiasm are minimized.



Plate 15 Hypofractionated convergent beam radiotherapy in
recurrent malignant glioma. Isodose distribution on transversal
plane (three moving arcs).

Plate 16 Photomicrograph demonstrating perivascular pseudorosettes, created by the cytoplasmic processes of tumor cells around
blood vessels. (Courtesy of Dr L. E. Becker, Hospital for Sick Children, Toronto, Canada.)



Plate 17 Photomicrograph demonstrating true ependymal rosettes, in which the central lumen is created by the surface of the tumor
cells themselves. (Courtesy of Dr L. E. Becker, Hospital for Sick Children, Toronto, Canada.)



INTRODUCTION

It is now clear that pediatric neuro-oncology has emerged
as a separate subspecialty as a result of the fusion of skills,
knowledge, and attitudes from neuroscience, surgical
practice, radiotherapy, the clinical practices and science
of medical oncology, and pediatric subspecialty practice.
In this chapter, we have tried to tell the story using a time-
line, which details the drawing together of the different
threads of the story and a textual account of our memories
of events over the past two decades that have been reported
and debated and have therefore modified our thinking
about child-centered clinical practice, clinical and scientific
research, and the translation of these ideas into new prac-
tice through clinical training.

PATHOLOGY

The modern classification of central nervous system (CNS)
tumors was initiated by an American neurosurgeon,
Harvey Cushing (1870–1939). Cushing asked Percival
Bailey, a resident who was working with him at the Peter
Bent Brigham Hospital in Boston, to classify more than
400 tumors that he had operated on. Based on this pio-
neering work in 1926, Bailey and Cushing published their
landmark work entitled “A classification of the tumors of
the glioma group on a histogenetic basis with a correlation
study on prognosis.”1 According to this scheme, 14 groups
were defined on a cytogenetic basis. Although Bailey based

his concepts of tumor classification on those of a German
pathologist Ribbert,2 who asserted that each tumor type
was derived from a particular cell line, with cells under-
going developmental arrest during neuronal or glial histo-
genesis, an embryogenetic significance was not attributed.
However, before this seminal work, James Homer Wright
in 1910 had already described the separate pathological
entity we now know as medulloblastoma.3 Bailey and
Cushing recognized this tumor, which was made up of
poorly differentiated, primitive-appearing cells arising
from the cerebellar vermis primarily in children. They
recorded some 29 cases of this condition. Medulloblas-
tomas had previously been included in the category of
sarcomas, but the new classification system recognized
that these tumors in the CNS were of neuroepithelial ori-
gin. Wright thought that they were derived from neuro-
blasts, the precursor cells of neurons, while Cushing and
Bailey originally thought that these tumors derived from
glial progenitor cells called spongioblasts. Consequently,
the name “spongioblast cerebelli” was chosen, although,
unfortunately, this had already been used by Globus and
Strauss to describe the tumor now known as “glioblastoma
multiforme.”4 Cushing and Bailey, therefore, adopted an
alternative name – “medulloblastoma cerebelli” – as they
proposed that the tumor derived from a totipotential cell
known as the medulloblast, which was capable of differ-
entiating into astrocytes, oligodendrocytes, and neurons.
It is of interest that in the footnote of the original paper
describing the medulloblastoma, Bailey and Cushing
reported that they had encountered five tumors with a
similar histology in the supratentorial compartment. They

2
Historical basis of neuro-oncology

JONATHAN A. G. PUNT, GIORGIO PERILONGO, ROGER E. TAYLOR, CLIFF BAILEY AND DAVID A. WALKER

Introduction 5
Pathology 5
Imaging 6
Surgery 7
Radiotherapy 9
Chemotherapy 10

Late effects of treatment 10
Conclusions 11
References 11
Appendix: Timeline 13
References for Appendix 30



6 Historical basis of neuro-oncology

therefore never addressed the issue of the cell or origin
for tumors in this area, as the medulloblastoma was
thought to be a unique tumor of the cerebellum. It was
not until 1973 that Hart and Earle introduced the term
“primitive neuroectodermal tumor” (PNET) as a generic
title to include all these primitive-looking tumors.5

The concept of grading astrocytic tumors according
to numerical grade was introduced by Kernohan in 1949;6

it adopted a similar system proposed previously by Broders
in the 1920s for grading adult carcinoma.7 The grading
system proposed by Kernohan has been the subject of
many discussions, and, in consequence, many grading
systems now exist.

Fifty years after the original work of Bailey and Cushing,
a new comprehensive classification on human CNS tumors
was developed. Known as the “Blue Book,” the new system
was developed by a group of neuropathologists on behalf
of the World Health Organization (WHO). The neuro-
pathologists felt subsequently, however, that there was a
need to understand more about the histological prog-
nostic features for childhood brain tumors and conse-
quently highlighted the need for a classification system
based upon histological features rather than the putative
predominant cell type. A neuropathology working group
reviewed the diagnosis of 3300 childhood brain tumors
and proposed a further WHO classification system. The
classification system was adequate for many tumors,
although some of the more complex cerebral neoplasms
did not fit into the system easily. Based on these observa-
tions, the committee was then invited to develop a new,
revised WHO classification only for childhood brain
tumors; this was subsequently published in 1985.8 Further
revisions have followed, and these are expected to improve
our knowledge of childhood tumors.

IMAGING

Until the 1970s, most diagnostic tools were invasive, inex-
act, and time-consuming. Plain skull radiography could
note intracranial calcification, suture widening, copper-
beaten appearance, and the erosion of the sella turcica.
The pneumoencephalogram was a commonly used diag-
nostic tool, apparently discovered serendipitously by
William H. Luckett in 1913.9 Luckett was studying a
patient with a frontal fracture and spontaneous pneu-
moencephaly; he noted that this seemed to outline a tumor
and gave information on the ventricular sizes. Pneumo-
encephalography was usually carried out through a
ventricular burr hole, as the use of a lumbar spinal nee-
dle in the presence of raised intracranial pressure was
considered inherently dangerous. These techniques were
developed by a neurosurgeon, Walter Dandy (1883–1947),
and a pediatrician, Kenneth D. Blackfan.10 Initially, they

were used to study hydrocephalus, but they soon became
the standard for investigating brain tumors. Neurosur-
geons were able to localize the tumor by noting the shift
it produces by lesions on the pneumoencephalogram.
Cannulation of the femoral artery and retrograde thread-
ing of the cannula into the appropriate cranial artery pro-
duced arteriograms, which could allow localization and
extent of any tumors. This idea of introducing a non-
toxic contrast agent into human arteries was pioneered by
a Portuguese physician Antonio Caetano Abrev Friere
Egas Moniz in the late 1920s.11 It is interesting to note
that Moniz was awarded the Nobel Prize for his studies
on the use of technetium-99 radioisotope scans in patients
following frontal lobotomy rather than the more ubiqui-
tous and informative angiography.

The development of the computed tomography 
(CT) scan and its widespread availability from the 1970s
onwards saw the beginning of the modern era in neu-
roimaging. Godfrey Hounsfield was awarded the 1979
Nobel Prize in Medicine (the first engineer to be awarded
a Nobel Prize in Medicine) for his discovery and develop-
ment of the computerized tomogram.12 He was particu-
larly interested in pattern recognition, and he developed
research projects to recognize objects contained in closed
containers. He developed multiplanar images by using
X-rays passing through containers and then integrating
the images. The first experiment took more than a week
to be completed. The first image of the human brain was
obtained in 1971.

Nuclear magnetic resonance (NMR) was the next sig-
nificant development in neuroimaging. The impact of
this diagnostic technology is such that it deserves a wide
review of the steps of development.

In the 1950s, Felix Block, working at Stanford Univer-
sity, and Edward Purcell, from Harvard University, found
that certain nuclei absorbed and emitted energy when
placed in a magnetic field. The strength of the magnetic
field and the radiofrequency matched each other, as
demonstrated earlier by Sir Joseph Larmor, an Irish
physicist (1857–1942); this is known as the Larmor rela-
tionship, i.e. the angular frequency of precession of
the nuclear spins is proportional to the strength of the
magnetic field. This phenomenon was termed “nuclear
magnetic resonance” as follows:

• Nuclear, because only the nuclei of certain atoms
reacted in that way.

• Magnetic, because a magnetic field was required.

• Resonance, because of the direct frequency dependence
of the magnetic and radiofrequency fields.

Bloch and Purcell were awarded the Nobel Prize for
Physics in 1952 for this discovery.

However, it was Dr Isidor Rabi in the late 1930s who
first recorded the phenomenon of NMR when working
as a physicist at Columbia University. He was awarded



Surgery 7

the Nobel Prize for Physics in 1944 for his development
of the atomic and molecular beam magnetic resonance
method for observing atomic spectra. At that time, he
considered it to be an artifact of his apparatus and 
disregarded its importance. During the 1950s and 1960s,
NMR spectroscopy became a widely used technique for the
non-destructive analysis of small samples.

In the late 1960s, Raymond Damadian, working at
New York State University, demonstrated that different
kinds of animal tissue emit response signals of variable
length. He noticed that cancer tissue emitted response sig-
nals that were much longer than those emitted by normal
tissue. Consequently, he brought NMR technologies into
clinical practice.

In 1973, a short paper was published by Paul Lauterbur
in Nature.13 This paper was initially rejected by the editor
of the journal as he thought its significance was not suf-
ficiently wide for inclusion in Nature. In this seminal paper,
Lauterbur described a new imaging technique that he
termed “zeugmatography” (from the Greek zeugmo mean-
ing yoke or a joining together). This described the join-
ing together of a weak gradient magnetic field with 
the stronger main magnetic field, thus allowing spatial
localization of two test-tubes of water. He used a back-
projection method to produce the image of the two test-
tubes. This imaging experiment moved NMR technology
away from the single dimension, seen in spectroscopy,
to the two-dimensional spatial orientation that was the
foundation of NMR imaging.

In 1974, Damadian patented the idea of using MRI as
a tool for medical diagnosis in the USA. By 1977, he had
completed the construction of the first whole-body MRI
scanner, which he named the “Indomitable.” MRI tech-
nology had finally reached the patient, and its diagnostic
advantages were clearly applicable. The first commercial
magnetic resonance scanner in Europe (from Picker Ltd)
was installed in 1983 at the University of Manchester
Medical School.14

SURGERY

The evolution of the surgical aspects of neuro-oncology
has inevitably been linked to, and benefited from, general
developments that pervade many areas of neurosurgery
and beyond. This brief review touches on these vital inter-
actions and highlights those at the heart of the subject.

From the outset of the modern era, the vulnerability
of neural tissue and its coverings to bacterial infection
predicated that aseptic practice was of the highest order.
Minimal touch techniques were de rigueur from an early
stage; the conditions imposed by operating in cavities, and
at a depth, dictated the development of improved methods
of illumination and the design of special instruments. The

risks posed by postoperative hemorrhage were addressed
only by the highest standards of intraoperative hemostasis.
Electrodiathermy was rapidly embraced by Cushing, who
collaborated with Bovie in the 1920s to develop an
electrosurgical unit both for hemostasis and also as a
method to facilitate the removal of intracranial tumors,
especially meningiomas.15,16

Perioperative and supportive care has always played a
special part in neurosurgery because of the importance
of maintaining optimal physiological parameters and the
need to detect adverse clinical changes in a timely manner.
Cushing introduced the “ether chart” as the precursor of
modern anesthetic records17 and imported blood pres-
sure monitoring, having encountered the Riva–Rocci
device in Padua, Italy.18 A much later generation of neu-
rosurgeons in Glasgow, UK, introduced the Glasgow Coma
Scale (GCS) as a dependable and reproducible method of
describing levels of consciousness.19,20 The special needs
of the patient with impaired consciousness, paralysis, or
bulbar palsy led to the development of specialist nursing
techniques. It was the need to optimize intracranial oper-
ating conditions, and to maximize patient safety, that
promoted a move away from using the good offices of
medical students and interns in favor of full-time anes-
thesia specialists and even nurse anesthetists.21 Insufflation
anesthesia flowed from the neurosurgical practice of
Elsberg in New York.22 Mennell in London became the
first dedicated neuroanesthetist, and in 1922 he was able
to report on his experiences with 129 intracranial tumors.23

The concepts and practice of neurological intensive care
developed from the perceived needs of patients suffering
from head injuries and from reports, such as that in 1958
from Newcastle upon Tyne, UK, that suggested improved
outcomes were the result.24 As pediatric neuro-oncology
becomes more complex and more intensive, and as the
prospects of good-quality outcomes increase this aspect
of supportive care, already embodied in general pediatric
oncology practice, will become more commonplace for
children and young people with CNS tumors.

The significance of raised intracranial pressure as a
cause of neurological symptoms, the need to recognize its
presence, and the requirement to take appropriate action
are core issues of management throughout the care of
a patient with an intracranial tumor. The fundamental
concept of the effect of incompressible blood and brain
within the closed cranium was suggested in 1783 by a
Scottish physiologist, Monro.25 The role of cerebrospinal
fluid (CSF) was inserted into the equation by Burrows in
1846. However, it was not until surgery for intracranial
space-taking lesions became a realistic prospect that the
true clinical significance was appreciated through the lab-
oratory and clinical research of Kocher, a surgeon working
in Bern, Switzerland. Kocher incidentally reported the
lethal effects of cerebellar tonsillar herniation following
lumbar puncture in the face of intracranial hypertension,



a message that neurosurgeons have tried to propagate
with variable success through successive generations of
doctors.26,27 The need to intervene promptly and effec-
tively emerged.28 The importance of brain shifts and inter-
nal herniae was developed further by Jefferson, working in
Manchester, UK, who described the phenomenon of ten-
torial herniation in 1938.29 The complexity of the physiol-
ogy became clearer when a group of workers led by
Lundberg in the 1960s reported the insights that could be
gained from continuous intracranial pressure monitor-
ing30 and discovered that there were three distinct patterns
of intracranial pressure.31 This paved the way for Langfitt
in the USA to devise the theory of cerebral compliance.32

Early techniques for the control of intracranial pres-
sure were surgical and fell into the category of external
decompression. The term “decompressive trephining” is
attributed to a French surgeon Jaboulay.33 In 1919, Weed
and McKibben described the reduction of brain bulk and
CSF pressure by intravenous infusion of hypertonic solu-
tions in experimental settings.34,35 In the same year, Haden
reported the clinical use of intravenous 25 per cent glu-
cose.36 These temporizing measures were not favored
universally. It also became apparent that external decom-
pression in cases of cerebral tumor, as opposed to trauma,
led to a protracted and dismal terminal phase. In 1936,
a Canadian neurosurgeon McKenzie made a clear and
humane case for internal decompression by maximal
debulking in cases of malignant cerebral glioma.37 The
management of raised intracranial pressure in association
with brain tumors, and the treatment of brain swelling in
several other settings such as during radiation therapy,
was assisted greatly by the introduction of the glucocor-
ticoid dexamethasone for this purpose in 1960.38

The predilection of brain tumors in children for the
cerebral midline makes the management of hydrocephalus
a major issue. In 1952 there was a considerable advance
with the introduction by Spitz and Holter in Philadelphia,
USA, of the implanted, valve-regulated ventricular shunt
for the management of hydrocephalus. This made the
effective management of hydrocephalus an achievable
objective. Unfortunately, hydrocephalus shunts brought
their own catalog of complications.39 The reintroduction
of neuroendoscopic third ventriculostomy by Jones in
Sydney,40 followed by Sainte-Rose in Paris41 and Punt 
in Nottingham, UK,42 has been particularly beneficial in
neuro-oncology surgery.43 Furthermore, the use of neu-
roendoscopic third ventriculostomy to treat shunt compli-
cations has reduced one particularly tiresome type of late
surgical morbidity.44

The confirmation of the presence of an intracranial or
intraspinal mass lesion, and its accurate localization, has
been, and remains, a matter of the greatest importance in
neuro-oncology. It is therefore hardly surprising that prac-
tice and progress in neurosurgery have always been bound
inextricably to developments in imaging, as described

above. It is noteworthy, in passing, that it was the success
of the combined efforts of Bennett and Godlee in London
to localize and then remove a cerebral glioma in 188445

that put an end to debates about the morality of investi-
gating localization of cerebral function. Preoperative pre-
diction of histology and grade has been, and remains, the
Holy Grail of neuroimaging ever since a German neurolo-
gist, Oppenheim, identified the presence of a brain tumor
on plain skull radiographs in 1899.46 Each new modality
of imaging has been hailed as holding the key, only to be
ultimately frustrated in this ambition. It remains to be
seen whether the expectations for magnetic resonance
spectroscopy (MRS) and positron-emission tomography
(PET) fulfil the high expectations currently held for them.
In any event, those managing children with CNS tumors
are now substantially advantaged over their predecessors
in that localization is generally excellent; there is the ability
to assess more fully the extent of neuraxial disease, and of
residual tumor after surgical resection; and there is a far
greater ability than ever existed previously to distinguish
complications of therapy from tumor recurrence.

For most brain tumors, the first step towards curative
therapy is usually surgical removal. In this regard, the 
technical aids to excision have probably played a part 
in achieving more extensive resection and possibly in
reducing surgical morbidity and mortality. The toxicity of
neurosurgery awaits formal investigation in prospective
studies, but this is under consideration in some multidisci-
plinary groups. The operating microscope, the ultrasonic
aspirator,47 and the surgical laser have all found their roles.
In the sphere of minimally invasive neurosurgery,48 image-
guided stereotactic surgery49 and neuroendoscopy43 have
also been applied successfully. It is unfortunate that there
have been very view structured attempts to undertake stud-
ies designed to demonstrate whether, and to what extent,
the use of these adjuncts has actually resulted in reduced
surgical toxicity and more extensive surgical resection.

The first 100 years of modern neurosurgery were
inevitably concerned with exciting technological advances.
Of the utmost importance have been the outwardly less
glamorous organizational developments that have brought
pediatric neurosurgeons together at national and inter-
national levels. The formation of specialist societies such
as the European Society for Pediatric Neurosurgery 
(in 1967) and the International Society for Pediatric
Neurosurgery (in 1972) have been seminal events. The
production of specialist textbooks concerning children’s
neurosurgery by founding fathers of the specialty, such as
Ingraham and Matson50 and Till,51 and the launching of
specialist journals such as Child’s Brain (in 1975) and
Child’s Nervous System (in 1985) have been further sentinel
milestones. More recently, the neurosurgical establish-
ments of some countries have accepted that children have
special requirements that justify provision of dedicated
neurosurgical services52 and due consideration of the
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multidisciplinary approach that is essential, especially in
neuro-oncology.53 Hopefully, the third millennium will
bring child-centered pediatric neurosurgery rather than
neurosurgeon-centered pediatric neurosurgery.

Of even greater significance has been the much more
recent integration of active pediatric neurosurgeons into
national and international cancer study groups, such as
the United Kingdom Children’s Cancer Study Group
(UKCCSG), the Société Internationale d’Oncologie Pédi-
atrique (SIOP), and the Children’s Cancer Group (CCG).
The introduction of surgical questions into prospective
protocols should be a further step in achieving increased
efficacy and decreased morbidity for children and young
people with CNS tumors.

RADIOTHERAPY

Compared with surgery, radiotherapy is a relatively new
modality. X-rays were discovered by Roentgen in 1895
and used in the treatment of cancer only a few years later.
The history of the radiotherapeutic management of chil-
dren with CNS tumors parallels the development of
radiotherapy in general.

In 1936, it was reported that radiotherapy had been
used to treat medulloblastoma.54 Subsequently, it emerged
that for many children with tumors of the CNS, adju-
vant radiotherapy following surgical excision or to treat
macroscopic residual disease improved the chances of
long-term survival. Radiotherapists in the early years
encountered many of the same problems experienced 
by their surgical colleagues. The lack of appropriate
imaging, poor supportive care, and relatively unsophisti-
cated technology all limited the impact of radiotherapy
on management of these CNS tumors.

Edith Patterson in the 1950s realized that biological
behavior of certain tumors, such as medulloblastoma and
malignant ependymoma, required radiotherapy to include
the cranial contents and the spine.55 She realized that
although no tumor could be recognized in some of these
areas, relapse was highly likely if treatment was not directed
to these regions. The doses required to prevent subse-
quent metastatic disease in these areas was unknown but
was limited by the tolerance of the spinal cord.

A standard dose in the region of 24 Gy was accepted.
This dramatically reduced the occurrence of metastatic
disease. Following recognition of the propensity for lep-
tomeningeal spread, techniques for the irradiation of the
entire craniospinal axis evolved. Initially, these were with
the technology of the day, namely orthovoltage radiation.55

However, even then the importance of precision was rec-
ognized. Since the 1950s, with the advent of machines
producing gamma rays, from cobalt-60 sources, and later
linear accelerators, techniques have been modified and
refined further.56,57

Higher doses of radiation were usually necessary to
obtain cure in those areas where tumor remained visible
after surgery. However, this dose was also limited by the
tolerance of normal brain tissue. Long-term follow-up
continued to demonstrate that despite the dose being
administered to the tolerable limits of normal tissue, local
relapse remained a common problem. Furthermore,
patients developed a variety of growth, endocrine, and
intellectual deficits, which were likely to be the result of
radiotherapeutic damage to the still-developing brain.

Radiotherapy techniques continued to advance.
Megavoltage radiation therapy equipment and the use of
custom-made immobilizing shells made the delivery of
radiotherapy a more precise science. In the 1940s, Spiegel
and Wycis developed a system that correlated the internal
structure of the brain to an external coordinate system.
Since then, many different stereotactic systems have been
developed, all based on the concept of a rigid frame
attached to the skull in such a way that axes can be fixed
relative to the brain. Leksell in Sweden was the first to apply
these techniques to the delivery of radiation at two cir-
cumscribed targets within the brain using orthovoltage
X-rays, proton beams, and finally cobalt-60 gamma radi-
ation.58 In the late 1960s, Leksell, Larsson and coworkers
developed the gamma knife, a set of highly collimated
cobalt-60 sources; they used this to treat a variety of human
tumors.59 Subsequently, heavy charged particles were
introduced, and a number of groups adopted conven-
tional radiotherapy linear accelerators to produce narrow
collimated beams of X-rays.

In the past three decades, advances in computing
technology have been incorporated into radiotherapy
planning and delivery. The use of radiotherapy-planning
computers was first reported in 1955,60 but it did not
come into routine use until the late 1970s. Planning
using three-dimensional technology was first reported 
in 196561 and was introduced widely in the 1980s.62 Three-
dimensional planning and delivery techniques have
become used widely in the treatment of children with brain
tumors since the 1980s and 1990s.

In the 1990s, we saw further refinements, with the
advent of intensity-modulated radiotherapy (IMRT). This
allows a further matching of the target volume to the
tumor.63 Refinements in planning cannot be implemented
without precise patient positioning, and newer tech-
niques for immobilization and verification of patient posi-
tion with online electronic portal imaging have become
important.

Radiotherapy fractionation evolved over many decades
as being given in daily fractions, Mondays to Fridays.
However in the 1970s and 1980s, it became clear from
clinical and radiobiological studies that the long-term
effects of radiation on normal tissues were enhanced when
radiotherapy was given in high doses per fraction.64 This
linear quadratic model predicted that the therapeutic ratio



could potentially be improved by giving smaller doses
per fraction. Hyperfractionation involves giving a larger
than conventional number of fractions, but with smaller
doses per fraction, usually twice daily. During the 1980s
and 1990s, this was investigated extensively in the treat-
ment of brainstem glioma, with no benefit. However, its
potential role in the treatment of medulloblastoma and
ependymoma remains to be clarified.

In 1980, the North American Pediatric Oncology Group
(POG) and, in a parallel development, the radiotherapy
Quality Assurance Review Center (QARC) were estab-
lished. Amongst other quality assurance functions, the
QARC has played a key role in reviewing quality assurance
data from several pediatric trial groups, including the POG
and the Children’s Oncology Group (COG).

In the past decade, prescribing and reporting have
been standardized in the International Commission on
Radiation Units (ICRU) documents 5065 and 62.66 In the
1990s, radiotherapy groups within the POG, the CCG
(later the COG), and the SIOP have evolved. These groups
have evolved to provide valuable opportunities for discus-
sion and development of pediatric radiotherapy protocols
and technical issues within these parent pediatric oncology
organizations.

CHEMOTHERAPY

In 1943, an American battleship Jon Harvey was bombed
in the harbor of Bari, Italy, by a German aeroplane. It was
noted subsequently that many hundreds of service per-
sonnel died of aplastic anemia. The investigation into
this incident highlighted that an ipride derivative (nitro-
gen mustard) was responsible for causing the aplastic
anemia. In the same year, Goodman and Gilman injected
nitrogen mustard into patients with malignant lymphoma
and obtained the first short-lasting remissions.67 This
was the start of the modern history of chemotherapy. Since
then, there has been a continued development of new
chemotherapy agents. Wilms’ tumor was one of the early
solid tumors to be treated with chemotherapy through
the pioneering work of Farber and colleagues.68 In 1970,
multiagent chemotherapy was introduced for the treat-
ment of human cancer, with the development of
the methochlorethamine, prednisone, procarbazine, and
vincristine (MOPP) regime in patients affected by
Hodgkin’s disease.

The use of chemotherapy for intracranial tumors was
limited initially by the belief that drugs needed to cross the
blood–brain barrier to be effective. Much emphasis was
placed on the need for a highly lipid-soluble non-ionized
molecule that did not have significant protein bindings.
Research demonstrated that the blood–brain barrier was
absent at the center of the tumor but was apparently intact

at the tumor–brain interface, and it was here that the cell
activity was greatest. In consequence, the clinicians felt
that the tumor in the CNS was relatively well protected
from the effects of chemotherapy. More recent work has
shown, however, that tissue transport is increased in brain
tumors and consequently water-soluble chemotherapy
agents may have a greater role in the treatment of these
tumors than was originally supposed.

Early studies on the value of chemotherapy in brain
tumors involved a series of single phase II studies aimed
at investigating the chemosensitivity of neoplasms to dif-
ferent agents. Based on these studies, a large number of
drugs have been shown to be active against brain tumors,
including vincristine, procarbazine, etoposide, carmustine,
cyclophosphamide, dibromodulcitol, cisplatin, carbo-
platin, and thiotepa. The comparative rarity of childhood
brain tumors makes multi-institutional or international
studies imperative for proper assessment. Various collab-
orative groups, including the South West Oncology Group,
the Children’s Cancer Study Group (CCSG), the POG,
and the SIOP, have all developed cooperative groups to
initiate large-scale brain tumor clinical research programs.
Bloom and Neidhardt designed and coordinated the first
multicenter trial in Europe for the SIOP,69 while Evans
and Krischer led the early initiatives for the CCSG and
POG.70 These early trials looked to improve the survival
rate for children with medulloblastoma and malignant
astrocytic tumors by introducing chemotherapy to surgery
and conventional radiotherapy.

Since then, a number of randomized trials have been
completed in both Europe and the USA and have con-
tributed to defining and refining the present treatment
strategies for curing children with medulloblastoma.
Further multicenter, randomized studies, however, have
been slow to develop and reflect the difficulties in promot-
ing large cooperative studies in childhood neuro-oncology.

LATE EFFECTS OF TREATMENT

Many studies have looked at the quality of life in long-
term surviving children with brain tumors. The impor-
tance of these studies reflects the fact that most children
who do survive their tumors rarely escape without some
long-term consequences. The problems of radiotherapy
have been particularly highlighted. The younger the child
at the time of radiotherapy, the greater the resulting
damage. The experience of the child cured of their tumor
but severely brain-injured by the effects of the tumor,
surgery, radiotherapy, and, to a lesser extent, chemother-
apy, was deeply shocking to those exploring multimodality
treatments. Investigations into brain-sparing therapies
using chemotherapy and reduced-dose field or delayed
radiotherapy in very young children comprised the first
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group of patients where it was thought ethical to explore
such approaches. A view was taken that quality of survival
was more important than pursuing survival alone at any
cost. Investigators in the USA treated children under the
age of two years with chemotherapy in an attempt to avoid,
or at least delay, the use of radiotherapy. This strategy in the
1990s led to a series of catch-all chemotherapy-based
infant and early childhood studies offering all histological
types similar dose intensity, brain-sparing chemotherapy,
and delaying, reducing, or omitting radiotherapy. The
damaging effects of the tumor and the surgical conse-
quences of interventions or critical neurological incidents
(hydrocephalus, fitting, encephalopathy, hemorrhage,
necrosis) were identified increasingly as the main villains,
and will remain so.

Other late effects of treatment have been noted. Cog-
nitive function, endocrine damage, and neurological
sequelae are all well recognized following treatment for
children with brain tumors. Intellectual damage may result
from a variety of causes but is particularly noticeable fol-
lowing radiotherapy. Observation and measurement of
these problems have resulted in the development of alter-
native therapies aimed at minimizing the impact. How-
ever, there are concerns that replacing radiotherapy with
chemotherapy would not be without problems, and close
observations of these patients must be built into care
plans. Properly constructed follow-up studies will need
to be undertaken for many years to ensure that the impact
of treatment is well understood.

CONCLUSIONS

The emergence of the subspecialty has been a long time
coming. It has relied on the unique fusion of scientific
and clinical observation and description, judicious planned
and serendipitous experimentation, bold clinical trials of
novel approaches to treatment, government backing of
scientific endeavors, the application of startling technical
advances, individual heroic acts by those affected by the
loss of life and abilities of children, and committed clini-
cians prepared to put the child and family at the center of
their clinical decision-making, often throwing down long-
held professional barriers to change at critical moments.
This history is fresh and ongoing. There is a lot more to
come. The rest of this book is an attempt to put this into
some perspective.
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APPENDIX: TIMELINE

Writing a commentary about the evolution of a subject
as new as pediatric neuro-oncology is a hazardous task.
Things are currently happening so fast that, as you write
your perspective of events, your interpretation may be
shown to be wide of the mark when reviewed a few years
later. The timeline that we have produced is an attempt 
to show how the subject of pediatric neuro-oncology has
emerged from wide-ranging clinical developments and the
translation of scientific understanding into surgery,
imaging, infections and cancer, epidemiology, and neu-
roscience. It is the integration of developmental neuro-
science component of this pot pourri that is pediatric
neuro-oncology that makes the subject uniquely chal-
lenging. Survival alone for these children was rapidly
seen to be an inadequate end point for the evaluation of
new treatments. The definition of cure has increasingly
included holistic themes where not only should life be
extended but also disability should be minimized and the
capacity for growth, development, learning, and repro-
duction optimized. These are big objectives that emerged
quickly from discussions of the first institutional series
and multicenter trials that were reported at a time when
drug treatment of leukemia and lymphoma was being seen
to offer true cures, and the combination of chemotherapy
and modified surgical and radiotherapeutic techniques

in solid tumors of childhood was being seen to avoid 
the need for high-risk, mutilating interventions. Parallel
developments in neonatology focused upon brain-sparing
methods in small children: these are still being developed
and are based primarily upon meticulous attention to
detail regarding intensive and supportive care. Neuro-
protective agents are hoped for. However, they are yet to
become established in clinical practice. What we have 
not been able to identify in this timeline is the provision
of rehabilitation services/priorities in children’s health
services around the world. There is no doubt that such
national strategies make a massive difference for the
recovery of the child and family. The technology required
is frequently low-tech, concentrating on communica-
tion, liaison, provision of home aids, and assessment for
appropriate educational provision. However low-tech,
it is the final pathway along which each child and their
family must travel if they are to derive benefit from the
application of high-tech solutions that cause so much
excitement in the research-focused world of neuro-
oncology. We look forward to adding to this timeline as
developments occur. It may be that previous discoveries
not identified here will prove to be critical for future
developments in the field, such is the excitement of
working and assisting with the development of modern
medicine at this time.

David Walker
July 2004
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2500–1600 BC “Edwin Smith” papyrus from Ancient “George Elbers” papyrus from Luxor, 
Egypt: earliest description of surgical Ancient Egypt, outlines  pharmaco-
treatment of cancer. logical, mechanical, and magical 

treatments for cancer. 

Image  courtesy of the National 
Library of Medicine

1802 L’Hôpital des Enfants Malades, Paris, 
founded.

Image courtesy of the Wellcome Library, 
London

1821 Babbage designs an ophthalmoscope, which he later (1848) constructs 
following an observation by a medical student.

1830 Domenico Rigoni-Stern concludes that incidence of cancer increases with age, 
city living, and unmarried status.
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Year Neurosurgery Imaging Radiotherapy Chemotherapy

1838 Muller’s book introduces histology to oncology.

1842 Dr Crawford Long first uses ether anesthesia for cancer operation. 

Image courtesy of Sheila Terry, Science Photo Library

1851 Von Helmholtz (Konigsberg, Prussia) rediscovers the ophthalmoscope.1

Image courtesy of the Wellcome Library, London
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Year Neurosurgery Imaging Radiotherapy Chemotherapy

1854 Hospital for Sick Children, London, 
founded.

Image courtesy of Mary Evans 
Picture Library

1855 Children’s Hospital of Philadelphia 
founded.

1863 Jackson (London, UK) recognizes 
papilledema;2 Seguin (Columbia, USA) 
subsequently notes association with 
headache and brain tumor.

1875 Hospital for Sick Children, Toronto, 
founded.



Neuroscience Oncology

Year Neurosurgery Imaging Radiotherapy Chemotherapy

1879 First successful removal of a brain 
tumor when Macewen (Glasgow, UK)
operates on meningeal tumour in 
14-year-old girl.3

Image courtesy of the Wellcome 
Library, London

1879 Naunyn and Schreiber (Bern, 
Switzerland) note relationship 
between intracranial pressue (ICP), 
blood pressure (BP) and heart rate (HR).4

1881 Wernicke (Breslau, Germany) performs 
external ventricular drainage.5

17
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1884 Godlee (London, UK) removes glioma 
from 25-year-old man localized by 
abnormal neurology and analyzed by 
Bennett.6

Image courtesy of the Wellcome 
Library, London

1887 Horsley (London, UK) removes spinal 
neurofibroma, localized clinically by 
Gowers.7

Image courtesy of the Wellcome 
Library, London
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1888 Keen (Philadelphia, USA) performs first 
ventricular tap of modern era.8

1889 Wynter (London, UK) employs 
therapeutic lumbar puncture.

1889 Wagner introduces osteoplastic 
craniotomy.9

1891 Spontaneous electrical activity of the 
brain detected by Gotch and Horsley 
(London, UK).10

1895 Roentgen (Wuerzberg, Germany) 
discovers X-rays.11

Image © Bettmann/Corbis

1896 Chipault (Paris, France) starts Travaux E. H. Grubbe, a Chicago 
de Neurologie Chirurgicale, the first researcher, becomes first 
neurosurgical journal. person known to administer 

X-rays to a cancer patient. 19
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Year Neurosurgery Imaging Radiotherapy Chemotherapy

1896 Cushing (Baltimore, USA) demonstrates 
bullet in cervical spine on X-ray.12

Image courtesy of akg-images

1899 Oppenheim diagnoses brain tumor on 
plain skull radiograph.13

1900 Theodor Boveri, Professor of Zoology at Wurzberg, Germany, promotes a genetic 
explanation for cancer.

1905 Cushing (Baltimore, USA) defines 
importance of raised ICP.14

1906 Horsley (London, UK) introduces 
operating headlight.15
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1907 Von Eiselsberg (Vienna, Austria) 
performs first successful removal of 
intramedullary spinal cord tumor.16

Image courtesy of the Wellcome 
Library, London

1911 Alexis Carrel and Montrose Burrows develop the first long-term tissue cultures 
of cancer cells. 

Image © Corbis
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1911 Peyton Rous transmits cancer between chickens in a cell-free filtrate, 
concluding that a virus is the cancer agent. Awarded Nobel Prize in 1966. 

Image © Robert Dowling/Corbis

1914 Dandy and Blackfan (Baltimore, USA) 
publish classic paper on hydrocephalus.17

Frederick L. Hoffman, insurance statistician, compiles world cancer statistics, 
persuading US government to analyze cancer mortality.

1916 Hever and Dandy (Baltimore, USA) 
appreciates limitations of non-contrast 
radiographs in diagnosis of brain tumors.18

1918 Dandy (Baltimore, USA) describes air 
ventriculography.19

1919 Haden (USA) describes use of Dandy (Baltimore, USA) describes air Frazier (Philadelphia, USA) implants 
intravenous 25% glucose to decrease encephalography.22 radium sources directly into brain 
brain volume.21 tumors.23

Cushing (Boston, USA) treats medullo-
blastomas with radiation therapy.20

1920 Mixter (Boston, USA) performs first 
endoscopic third ventriculostomy.24

1923 Cushing and Martin (Boston, USA) 
describe optic nerve glioma.25

1924 Berger (Jena, Germany) records Moniz (Lisbon, Portugal) makes first 
spontaneous electrical activity from successful cerebral angiogram in living 
skin over a skull defect, and coins EEG.26 patient.28
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1924 Bailey and Cushing (Boston, USA) 
(contd.) classify gliomas, identifying those 

found typically in children.27

1926 Cushing (Boston, USA) introduces Bailey and Cushing describe first use 
electrocautery.29 of radiotherapy to treat four cases of 

medulloblastoma.27

1927 Cushing (Boston, USA) presents case 
of complete excision of intramedullary 
spinal cord tumor in 11-year-old girl at 
combined meeting with pediatricians.30

1929 Ingraham (Boston, USA) specializes in 
pediatric neurosurgery.

1930 Cushing (Boston, USA) publishes series 
of 61 cases of medulloblastoma.20

1936 Cutler publishes 20 cases of 
medulloblastoma treated with 
radiotherapy.31

1939 Mortality figures published (Boston, National Cancer Institute founded in USA. The first director (1938–1945)  
USA) for cerebellar astrocytoma (5%), is Dr Carl Voegtlin, a Swiss-born pharmacologist. 
medulloblastoma (15.4%), and fourth 
ventricle ependymoma (50%).32

Image courtesy of the National Cancer Institute
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1940s Linear accelerators developed during 
the 1940s. 

Image © Hulton-Deutsch
Collection/Corbis
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1948 Moore (Minneapolis, USA) localizes Ralston Paterson proposes role of Sidney Farber finds that a folic 
brain tumor with 131I scanning.33 craniospinal radiotherapy for “antagonist” developed by 

medulloblastoma.34 Yellapragada SubbaRow inhibits 
tumor growth in mice and children 
with leukemia.35

Image courtesy of Associated Press

1952 Spitz and Holter (Philadelphia, USA) 
devise the valved shunt.36

1953 James Watson and Francis Crick 
unveiled their model of the structure 
of DNA.37

25
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1953 Edith Paterson (Christie Hospital, 
Manchester, UK) reports 21% five-year 
survival in medulloblastoma treated 
with craniospinal radiation therapy.38

Talairach (Paris, France) performs 
stereotactic brachytherapy of brain 
tumors.39

1954 Ingraham and Matson (Boston, USA) 
publish the first textbook devoted to 
pediatric neurosurgery, Neurosurgery
of Infancy and Childhood.

1955 Use of computers for radiotherapy US Congress funds national 
planning first described. chemotherapy program devoted to 

testing chemicals that might be 
effective against cancer.

1955 Children’s Cancer Study Group (CCSG) founded.40

1956 Leksell (Stockholm, Sweden) introduces ultrasound in neurosurgery.41

1958 Larsson (Uppsala, Sweden) pioneers 
proton beam.42

1960 Dexamethasone introduced for 
treatment of tumoral brain edema.43

1960s Introduction of linear accelerators for 
megavoltage radiotherapy.

1962 St Jude Children’s Research Hospital, Memphis, USA, opens as a result of 
fundraising initiated by the dream of comedian Danny Thomas.

1964 MOPP combination chemotherapy for 
Hodgkin’s disease introduced and 
outstanding results published.44

1965 Three-dimensional radiotherapy 
planning first described.
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1967 European Society for Pediatric 
Neurosurgery founded.

1968 Leksell (Stockholm, Sweden) installs 
first gamma-knife unit.45

1969 First International Meeting of Société Internationale d’Oncologie Pédiatrique 
(SIOP) in Madrid, Spain.

1969 Importance of precision and dose in 
radiotherapy for medulloblastoma 
reported by Bloom (Royal Marsden 
Hospital, London, UK).46

1970 Howard Temin and David Baltimore independently discover the enzyme reverse 
transcriptase, making genetic engineering possible.

1971 Pediatric section of American Donald Pinkel describes total therapy including cranial radiotherapy for acute 
Association of Neurological Surgeons lymphatic leukemia in children and reports cures.47

founded. Knudson and Strong propose two mutation hypothesis for inherited 
retinoblastoma (chromosome 13q14).

December 23, 1971, President Nixon signs the National Cancer Act.

1972 International Society for Pediatric 
Neurosurgery founded.

1972 University of California, San Francisco Hounsfield and Ambrose (London, UK) 
Neurosurgery Brain Tumor Research demonstrate cystic brain mass on CT.48

Center founded.

1973 Japanese Society for Pediatric 
Neurosurgery founded.

1974 Club de Neurochirurgie Pédiatrique 
founded.49

1975 Cesar Milstein and George Kohler developed hybridoma technology permitting mass 
production of “monoclonal antibody,” revolutionizing cancer diagnosis and treatment.50

1975 Ter-Pogossian constructs PET scanner.51 Survival advantage for patients with 
low-grade glioma treated by 
radiotherapy described by Leibel.52

1977 Van Dyk describes the “modern” UK Children’s Cancer Study Group 
technique of craniospinal radiotherapy.53 (UKCCSG) founded.

27
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1978 American Society of Pediatric 
Neurosurgery founded.54

Jones (Sydney, Australia) introduces 
the modern era of neuroendoscopic 
treatment of hydrocephalus.55

1980 CT-guided stereotactic brain tumor First clinical magnetic resonance 
biopsy.56 images acquired at Nottingham57 and

Aberdeen26, UK.

1980s Three-dimensional conformal 
radiotherapy implemented.

1981 Ultrasonic aspirator introduced as 
adjunct in removal of brain and spinal 
tumors.58

1982 First annual meeting of the Nordic 
Society of Pediatric Haematology and 
Oncology.

Pediatric Oncology Group (POG) 
founded.

1983 Gesellschaft für Pädiatrische 
Onkologie und Hämatologie (GPOH) 
established.

Webster Cavenee shows that both 
copies of chromosome 13 in inherited 
retinoblastoma have DNA deletions, 
supporting Knudson’s “two-hit” 
process and the idea of tumor 
suppressor genes.59

1984 Emil Frei describes scientific model for
investigation of treatments in 
childhood leukemia.60

Société Française d’Oncologie 
Pédiatrique (SFOP) created.

1985 First International Symposium in 
Paediatric Neuro-oncology (ISPNO) 
held in Tokyo.
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1986 Winston and Lutz (Boston, USA) produce 
first true CT-guided stereotactic LINAC 
device.61

1987 British Paediatric Neurosurgery Group Intensity-modulated radiotherapy 
of Society of British Neurological (IMRT) first described.
Surgeons founded.

1989 CCG trial of adjuvant chemotherapy 
in high-grade glioma.62

1990 SIOP radiotherapy group founded. First multicenter controlled trial of 
SIOP in medulloblastoma published.63

CCG randomized trial in 
medulloblastoma.64

1990s Commencement of the clinical 
implementation of IMRT.

1993 International Commission on Radiation 
Units (ICRU) publishes the ICRU-50 
document defining target volumes and dose
specification for radiotherapy planning.

1996 Société Française de Neurochirurgie Kenneth Culver and Michael Blaese 
Pédiatrique founded.65 insert a gene that confers sensitivity to 

an anti-viral drug into a brain tumor.66

1997 Royal College of Paediatrics and Child Health (UK) publishes guidance document on services for children with CNS tumors.67

Second multicenter controlled trial of 
SIOP and GPOH in medulloblastoma 
published.68

1998 SIOP/GPOH/UKCCSG Low Grade 
Glioma Study launched.69

2000s CCG and POG merge to form 
Children’s Oncology Group (COG).70

2003 Third multicenter SIOP/UKCCSG PNET
study.71
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INTRODUCTION

Brain and spinal cord tumors are the most frequent type
of solid tumor in children under 15 years of age and sec-
ond only to leukemias among all malignancies. In most
populations, they represent upwards of 20 per cent of all
childhood cancers.1 These tumors cannot be considered
together as a single entity, however, as they are of several
distinct histological types, with their own patterns of
incidence, and cannot be assumed to have a common 
etiology. In the International Classification of Childhood
Cancer (ICCC),2 which groups childhood tumors mainly
on the basis of morphology, diagnostic group III,“CNS and
Miscellaneous Intracranial and Intraspinal Neoplasms,”
contains six subgroups, namely (a) ependymomas (includ-
ing choroid plexus tumors), (b) astrocytomas, (c) primitive
neuroectodermal tumors (PNETs), (d) other gliomas,
(e) other specified neoplasms (including pituitary adeno-
mas, craniopharyngiomas, pineal parenchymal tumors,
gangliogliomas, and meningiomas), and (f) unspecified
neoplasms. The non-malignant tumors are concentrated
in subgroups a, e, and f. A further ICCC subgroup, Xa,
comprises intracranial and intraspinal germ-cell tumors
and also includes a sizeable proportion of non-malignant
tumors. Non-malignant tumors of blood vessels and peri-
pheral nerves, including haemangiomas, haemangioblas-
tomas, and schwannomas, are not included in the ICCC.

INCIDENCE

Table 3.1 shows age-standardized annual incidence rates
for ICCC groups III and Xa from more than 30 countries.1

The data relate mainly to the 1980s and are drawn from
population-based cancer registries with reasonably large
numbers of cases and high levels of completeness of ascer-
tainment. Tumors of other types, including soft-tissue
sarcomas and non-Hodgkin lymphomas, can occur with
intracranial or intraspinal primary site, but they are very
rare and are not shown in this table.

Many cancer registries, while generally restricting
their coverage to malignant neoplasms, also include benign
and unspecified intracranial and intraspinal tumors.
Others, as noted in Table 3.1, include only malignant
tumors of these sites. Total incidence of malignant cen-
tral nervous system (CNS) tumors falls steadily from age
0–4 years to a minimum at age 15–19 years, before rising
steadily through adulthood (Figure 3.1). In the USA, it
has been estimated that the inclusion of non-malignant
tumors increases the incidence among children under 15
years of age by 22 per cent overall; for age groups 0–4 years
and 5–9 years, the increase is 17 per cent, but for age
10–14 years it is 31 per cent.3

Among the mainly white populations of western indus-
trialized countries, total incidence is nearly always in the
range 25–40 per million; the male/female ratio is typically
1.2 to one. The highest incidence rates are observed in the
Nordic countries. Japan and Israeli Jews have comparable
incidence rates above 25 per million.

In developing countries, brain and spinal tumors are
usually outnumbered not only by leukemias but also by
lymphomas, and the recorded incidence of brain and
spinal tumors is often no more than 15 per million. The
true incidence is not necessarily that low, since there is
almost certainly considerable underdiagnosis and under-
ascertainment in areas that are not served by neurological
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facilities. Registries that depend substantially on pathol-
ogy departments for notification of cases will suffer a
further deficit if autopsies are rarely performed. In the
developing countries of Asia, but not in Africa or Latin
America, there is a larger excess of boys affected than 
in industrialized countries, with a male/female ratio of
around 1.4 to one.

Incidence by ethnic group

Comparison of incidence rates within the same country
suggests that risk may vary between ethnic groups. In the
USA, incidence among blacks is lower than among whites,
most markedly so in early childhood. Incidence among
Hispanic children in Los Angeles is slightly lower than
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Table 3.1 Brain and spinal neoplasms of childhood: age-standardized annual incidence rates per million children aged 0–14 years for
International Classification of Childhood Cancer (ICCC) subgroups

IIIa IIIb IIIc IIId (other IIIe (other IIIf IIIa–f Xa 
(ependymoma) (astrocytoma) (PNET) gliomas) specified) (unspecified) (total) (germ-cell)

*Zimbabwe, Harare, African – 3.1 1.1 – – 7.8 12.0 –
*Colombia, Cali 1.3 4.7 3.1 1.2 – 6.6 16.8 0.4
*Costa Rica 1.8 8.3 3.9 2.7 0.1 0.5 17.4 0.8
*Puerto Rico 3.3 10.0 4.8 3.7 0.4 0.8 22.8 0.3
Uruguay 2.1 3.2 6.2 2.0 1.4 8.1 23.0 0.5
*Canada 3.0 13.8 5.6 3.4 0.3 2.9 29.0 1.0
*USA, SEER, white 3.2 16.0 6.5 5.1 0.4 0.5 31.8 0.6
*USA, SEER, black 3.6 13.5 3.9 5.1 0.7 0.6 27.4 0.6
USA, LA, Hispanic 3.8 11.5 7.1 4.1 2.5 0.6 29.6 1.3
USA, LA, other white 2.8 16.6 9.0 3.6 3.5 1.1 36.6 1.2
USA, LA, black 2.0 13.5 4.7 2.7 0.8 0.5 24.2 0.8
China, Tianjin 0.5 0.5 0.5 1.7 1.5 12.5 17.3 –
*Hong Kong 1.5 6.9 3.2 0.9 0.1 4.3 16.9 0.4
*India, Bombay and Madras 0.6 3.9 2.9 0.8 0.1 2.2 10.5 0.0
Israel, Jewish 2.3 9.5 7.9 3.3 2.0 4.9 29.9 0.3
Israel, non-Jewish 1.5 4.8 4.6 2.7 0.9 3.6 18.1 –
Japan, Osaka 1.6 5.1 3.5 1.8 1.7 12.8 26.5 2.7
Korea, Seoul 0.6 4.8 3.6 0.7 0.2 6.7 16.6 1.0
Singapore, Chinese 2.3 6.8 6.1 0.8 0.8 2.4 19.1 2.1
Thailand 0.9 2.7 2.4 0.4 0.4 3.3 10.9 0.1
Czech Republic 2.9 9.7 4.7 1.6 1.0 3.0 23.0 –
Denmark 2.3 15.1 7.0 1.5 3.8 9.1 38.8 1.9
Estonia 2.1 9.6 4.0 0.6 0.8 8.5 25.6 –
Finland 4.9 23.3** 4.6 – 2.7 3.8 39.2 0.6
France 4.1 10.7 6.0 4.1 1.9 1.4 28.2 0.8
Germany, ex-GDR 6.0 13.7 5.7 0.9 2.6 3.3 32.2 1.2
Italy 3.4 13.0 5.1 1.9 1.5 5.5 30.3 1.0
*Netherlands 4.3 14.1 7.4 1.3 0.5 2.6 30.2 1.0
Norway 2.8 14.4 5.8 4.2 1.4 5.4 34.0 0.7
Slovakia 3.5 11.1 6.3 3.8 0.9 3.3 28.9 0.2
*Slovenia 3.3 7.6 4.1 1.9 0.7 2.2 19.8 1.1
Spain 2.9 10.2 5.3 4.2 0.7 2.8 26.2 0.8
Sweden 4.3 22.2** 7.1 – 2.2 5.2 41.0 1.0
Switzerland 3.3 12.4 6.2 1.3 2.2 1.9 27.2 0.7
UK, England and Wales 3.0 10.3 5.8 4.1 2.2 1.6 27.0 1.0
UK, Scotland 3.6 12.5 8.7 4.0 1.7 0.6 31.0 1.5
Australia 2.9 13.7 6.4 3.3 2.2 1.1 29.6 1.1
*New Zealand, Maori 2.0 9.1 12.0 3.9 – 4.7 31.6 1.6
*New Zealand, non-Maori 1.9 15.8 6.6 3.0 0.6 4.2 32.0 1.0
*USA, Hawaii, Hawaiian 3.2 10.7 11.8 2.8 – – 28.5 2.1

PNET, primitive neuroectodermal tumor; SEER, Surveillance, Epidemiological, and End Results.
* Series including only malignant tumors. ** In Finland and Sweden, rates for IIIb (astrocytoma) include those for IIId (other gliomas) because they
have the same morphology code.
Data from Parkin et al.1



among non-Hispanic whites, and this difference is more
marked in California as a whole.4 In Britain, incidence
among children of southern Asian ethnic origin is low,
apparently because of a marked deficit among those of
Indian rather than Pakistani origin.5 Children of West
Indian ethnic origin have a low relative frequency of CNS
tumors,6 suggesting that their incidence is also low. In
Israel, incidence is much lower in non-Jews than in Jews. In
Singapore, the Malay population has only about half the
incidence of the Chinese. In New Zealand, however, the
Maori have a very similar incidence to the overwhelm-
ingly white, non-Maori, population. In most instances, it
is the economically disadvantaged ethnic groups that have
the lower incidence, and so differential access to medical
care might be a contributing factor. This appears less likely
in Britain, where there is a universal free health service and,
moreover, children of Indian origin tend to be of higher
socioeconomic status than those of Pakistani ancestry.

Incidence by histology

Ependymomas (including choroid plexus tumors) hardly
ever have an incidence above four per million. In most
series, they account for 10–15 per cent of CNS tumors of
specified type. In the German Childhood Cancer Registry,
60% of ependymomas of known site were infratentorial.7

Ependymoma is more than twice as common at age 0–4
years as it is in the next decade. The male/female ratio is
around 1.2–1.3 to one.

Astrocytomas collectively are by far the most common
childhood CNS tumors, usually accounting for 40–55
per cent of those of specified type. They cover a wide
spectrum of degrees of malignancy, ranging from the
often slow-growing pilocytic or juvenile astrocytoma to
the highly malignant glioblastoma multiforme, but 

low-grade tumors predominate.7 Among astrocytomas of
known site in the German registry, 53 per cent were supra-
tentorial.7 The highest incidence rates were recorded 
in predominantly white populations in North America,
Europe, and Oceania. In California, incidence among
Hispanic children is about half that among non-Hispanic
whites of both sexes and in all three of the five-year age
groups.4 The incidence in Osaka, Japan, is lower, but this
registry has a high proportion of tumors of unspecified
type, and the relative frequency of astrocytoma out of all
specified tumors is similar to that in western popula-
tions, suggesting that this may also be true of incidence.
Elsewhere in the world, incidence is lower, but the relative
frequency as a proportion of all CNS tumors is similar to
that in western countries. Incidence is fairly constant
throughout childhood, and the male/female ratio is usually
1–1.1 to one.

Primitive neuroectodermal tumor (PNETs) are the
second most frequent subgroup in most populations, typ-
ically accounting for 20–30 per cent of all specified CNS
tumors. In the German registry, 73 per cent of PNETs were
infratentorial,7 and nearly all of these would have been
cerebellar medulloblastomas. The highest incidence rates,
around 12 per million, have been recorded in two indige-
nous Pacific populations, the Hawaiians of Hawaii and the
Maori of New Zealand. In mainly white populations,
the incidence is commonly five to nine per million, and
the similarity of relative frequencies across other registries
suggests that there is little international or ethnic variation
in underlying risk outside the Pacific region. The incidence
is highest at age 1–4 years, slightly lower among infants and
at age 5–9 years, but falls to around half its peak by age
10–14 years. The male/female ratio is 1.6–1.7 to one.

Other gliomas tend to have a similar incidence and rel-
ative frequency to ependymomas. Most of these tumors
were not specified further in the literature, but there were
also substantial numbers of oligodendrogliomas.

The incidence of other specified tumors (other than
germ-cell) is nearly always below three per million. As
many of these tumors are non-malignant, some of the dif-
ferences in rates between registries must be due to vari-
ations in ascertainment of non-malignant tumors. The
most frequent histological type is craniopharyngioma,
which has an incidence of one to two per million in chil-
dren in the USA.8 This is followed by pineal parenchymal
tumors and meningiomas.

Childhood germ-cell tumors of any site are most com-
mon in eastern Asian populations. The highest incidence
of intracranial and intraspinal germ-cell tumors is found
in Japan and among Singapore Chinese. The next highest
rate is in Denmark, but over half of the cases there are
non-malignant.

Two rare tumors that have been consistently diag-
nosed and registered only fairly recently are not included
in Table 3.1: dysembryoplastic neuroepithelial tumor
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Figure 3.1 Incidence of malignant central nervous system
tumors according to the International Classification of
Childhood Cancers (ICCC), 1975–1998, USA: Surveillance,
Epidemiology and End Results (SEER) program.
(Data from Ries LAG, Eisner MP, Kosary CL, et al. SEER Cancer
Statistics Review, 1973–1997: Tables and Graphs. Bethesda,
MD: National Cancer Institute, 2000.)



(DNT) and atypical teratoid rhabdoid tumor (AT/RT).
During the period 1995–1999, the National Registry of
Childhood Tumours (NRCT) in Great Britain recorded
30 children with DNT and 15 with ATRT, in both cases
giving annual incidence rates well below one per million.

Table 3.2 shows incidence rates among adolescents
aged 15–19 years from the few population-based studies
with information on histological subgroup.9–11 Total inci-
dence is lower than for children overall but fairly similar to
that observed at age 10–14 years. Astrocytoma is the most
frequent histological subtype and PNET is quite rare.
Elsewhere in the world, only site-specific incidence rates
are available. Table 3.3 shows incidence in selected cancer
registries around 1990.12 Incidence is generally somewhat
lower than during the first 15 years of life, although it
should be remembered that, unlike in Tables 3.1 and 3.2,
the rates in Table 3.3 refer only to malignant tumors.

Trends in incidence of brain and spinal
tumors

Reported incidence of childhood CNS tumors in almost
every country for which data are available rose between

the 1970s and 1980s, often by more than 20 per cent.
Annual increases for malignant CNS tumors in the USA
between 1975 and 1998 have been estimated from the
Surveillance, Epidemiological, and End Results (SEER)
program and are shown in Figures 3.2 (overall) and 3.3 (by
histological subgroup). Smith and colleagues13 analyzed
data from the SEER program for the period 1973–1994
and found that a jump from a lower to a higher constant
incidence at 1985 produced a significantly better fit than a
linear increase throughout the study period. As the timing
of the jump coincided with the start of wide-scale avail-
ability of magnetic resonance imaging (MRI) in the USA,
they hypothesized that the increase in recorded incidence
was an artifact of improved diagnosis and reporting.
Smith and colleagues13 suggested that this was supported
by the absence of a similar stepwise increase in mortality
from CNS tumors in childhood. Much of the increased
incidence, however, was in low-grade astrocytomas and
gliomas; these have high survival rates, and even fatal
CNS tumors can have a protracted course. Therefore, any
increase in mortality resulting from a sudden increase in
risk would probably be relatively small and gradual and
thus hard to detect. Against the hypothesis that the
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Table 3.3 Malignant brain and nervous system tumors:
annual incidence per million at age 15–19 years

Puerto Rico 9.9
Costa Rica 11.8
Japan, Osaka 10.6
Hong Kong 16.2
Singapore, Chinese 9.2
India, Bombay and Madras 9.3
Israel, Jewish 18.7
Israel, non-Jewish 17.7
Slovakia 21.7
Slovenia 15.1
Netherlands 17.1
Australia, NSW 23.4

Data from Parkin et al.12
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Figure 3.2 Increase in incidence of malignant central nervous
system tumors according to the International Classification of
Childhood Cancers (ICCC), 1975–1998, USA: Surveillance,
Epidemiology and End Results (SEER) program. The ordinate
represents the average annual percentage change over the 23-year
interval from 1975 to 1998. (Data from Ries LAG, Eisner MP, Kosary
CL, et al. SEER Cancer Statistics Review, 1973–1997: Tables and
Graphs. Bethesda, MD: National Cancer Institute, 2000.)

Table 3.2 Brain and spinal neoplasms at age 15–19 years: annual incidence per million for International Classification of Childhood
Cancer (ICCC) subgroups

IIIa IIIb IIIc IIId (other IIIe (other IIIf IIIa–f Xa 
(ependymoma) (astrocytoma) (PNET) gliomas) specified) (unspecified) (total) (germ-cell)

Nordic countries9 1.3 9.5 2.1 1.6 14.2** ? 28.7 ?
England, northern 2.1 7.5 1.0 3.4 6.1 2.6 22.6 0.6
region10

*USA, SEER11 1.1 12.3 2.5 ? ? ? 20.2 ?

PNET, primitive neuroectodermal tumor; SEER, Surveillance, Epidemiological, and End Results.
* Series including only malignant tumors. ** Including unspecified tumors and non-malignant germ-cell tumors.



increase resulted from improved diagnosis, and perhaps
in particular earlier detection of slow-growing tumors,
is the fact that there is no sign of the fall in recorded inci-
dence that might have been expected within a few years
of accelerated diagnosis of any “backlog” of low-grade
tumors. An increase in the incidence of astrocytoma has
also been found in Sweden.14 However, while it has been
suggested that the “jump” model would again be a better
fit than a continuous linear trend,15 this has yet to be tested.
During the period 1954–1998 in north-west England, the
incidence rates of both pilocytic astrocytoma and PNET
increased by one per cent per annum.16 These increases
could not be accounted for by changes in reporting prac-
tice or diagnosis. In the Greater Delaware Valley, a part of
the USA not covered by the SEER program, incidence of
all CNS tumors and of glioma and PNET increased dur-
ing the period 1970–1989.17 The end of the study period
was too early to provide evidence of trends following
changes in diagnostic technology in the mid-1980s.

Comparison with adults

The main variations in age-specific incidence during the
first 20 years of life have been described, but the contrast
with the pattern of incidence at older ages is much
greater. Although CNS tumors are outnumbered only 
by leukemias among children and adolescents in many
regions of the world, they are less common than in any
other age group.18 Infratentorial tumors are at least as
frequent as supratentorial tumors in children,7,11 but they
account for only a small minority of CNS neoplasms

among adults.18 Whereas low-grade astrocytomas and
PNETs are the most numerous CNS tumors in children,
glioblastoma and meningioma are the predominant
types in adults.18

SURVIVAL AND FOLLOW-UP

Compared with most other types of childhood cancer,
improvements in survival from CNS tumors have been
modest, although some subtypes, notably astrocytoma,
have long had a relatively good prognosis.

Table 3.4 shows population based five-year survival
rates for children with the main types of CNS tumor
diagnosed during the 1980s.19–25 In North America,
western Europe, and Australia, there was little interna-
tional variation. Five-year survival was generally slightly
over 70 per cent for astrocytoma and around 50 per cent
for PNET. Italy had markedly higher survival from
PNET, but the data covered only part of the country and
the numbers were small. In Eastern Europe, Slovakia had
a somewhat lower survival rate for astrocytoma. In
Bangalore, India, survival from astrocytoma was still
lower, whereas for PNET it was similar to that observed
in western countries, but the numbers of cases were,
again, small. It seems likely that lower survival in socio-
economically disadvantaged countries is due partly to a
lack of specialist facilities for the treatment of children
with CNS tumors. There is, however, some evidence that
survival is lower even within specialist centers in devel-
oping countries; for example, the five-year survival rate
for children with cerebellar juvenile (pilocytic) astrocy-
toma at a tertiary center for pediatric neurosurgery in
India during the period 1984–1999 was 67 per cent,26

compared with a population-based rate of 84 per cent in
north-west England during the period 1954–1984.27

Few population-based data are available on survival
beyond five years from diagnosis. In Britain, among chil-
dren diagnosed during the period 1971–1985, the actuarial
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Figure 3.3 Increase in incidence of malignant central nervous
system tumors by International Classification of Childhood
Cancers (ICCC) type, 1975–1998, USA: Surveillance, Epidemiology
and End Results (SEER) program. The ordinate represents the
average annual percentage change over the 23-year interval
from 1975 to 1998.
(Data from Ries LAG, Eisner MP, Kosary CL, et al. SEER Cancer
Statistics Review, 1973–1997: Tables and Graphs. Bethesda, MD:
National Cancer Institute, 2000.)

Table 3.4 Population-based five-year actuarial survival rates
(%) for children aged 0–14 years diagnosed during the 1980s

Country Period Ependymoma Astrocytoma PNET

USA, SEER19 1983–87 47 74 49
*Canada20 1985–88 56 71 50
Great Britain21 1986–88 50 71 42
Italy22 1986–89 75 76 85
Slovakia23 1983–87 – 56 –
Australia, 1980–89 64 80 52
Victoria24

India, 1982–89 – 40 43
Bangalore25

PNET, primitive neuroectodermal tumor; SEER, Surveillance,
Epidemiological, and End Results.
* Age 0–19 years.



probability of surviving a further ten years after five-year
survival was 89 per cent for all CNS tumors and for
ependymoma, 92 per cent for astrocytoma, but only 81
per cent for PNET.28 In a recent study of five-year sur-
vivors diagnosed under age 20 years throughout the five
Nordic countries during the period 1960–1989, survival
rates were not quoted but there was a borderline signifi-
cant reduction of 19 per cent in the risk of death for those
who had a CNS tumor diagnosed in the period 1980–1989
compared with the period 1960–1969.29 Recurrent tumor
was the most frequent cause of death in both series,
accounting for over 80 per cent of deaths at five to nine
years after diagnosis and over 60 per cent at 10–14 years
after diagnosis, in both series. In the Nordic countries,
recurrent tumor was still the most frequent cause of death
at 30 years after diagnosis. Treatment-related causes
accounted for around 10–15 per cent of deaths in both
series, while second primary tumors accounted for three
to four per cent of deaths. Similar results were observed in
a large multi-institutional study in North America;30 there
was a 20 per cent chance of death between five and 25
years after diagnosis of a CNS tumor. The cumulative risk
of developing a second primary tumor within 20 years of
diagnosis of a childhood CNS tumor in large population-
based series from Britain and the Nordic countries was
around two to three per cent, representing a relative risk of
three to five.31,32 Both series included patients diagnosed
from the 1940s onwards. Risk estimates were not pres-
ented for calendar period of diagnosis or age at follow-up,
although most of the second primary tumors may be
assumed to have occurred in adulthood. In a study in
Germany of children diagnosed since 1980, the relative
risk of developing a second primary cancer in childhood
following a CNS tumor was much higher, at 18.3.33 It is
not yet known whether this reflects greater susceptibility
among younger survivors or a higher risk following more
aggressive therapy for the original tumor, but it should be
noted that CNS tumors were ascertained incompletely by
the registry, with the deficit being most marked during the
earlier years and for less malignant tumors, which would
tend to be treated less intensively.

Two large, population-based studies have included
analyses of prognostic factors for childhood CNS tumors.
These are the SEER Pediatric Monograph in the USA11

and the EUROCARE study in Europe.34 Their conclusions
are broadly similar. There was very little difference in
survival between boys and girls. Age, however, was an
important prognostic factor. In both series, children aged
under five years of age had lower survival rates from
PNET. Poor survival among this age group was also found
for ependymoma, but not for astrocytoma, in the USA
and for a combined group of ependymoma, astrocytoma,
and other glioma in Europe. In the USA and Britain,
there is little evidence for differences in survival between
ethnic groups.11,35,36

As described above, long-term survival after childhood
CNS tumor is well documented in several large, mostly
population-based, series. The same is true to a slightly
lesser extent of the patterns and risks of occurrence of sec-
ond primary neoplasms and deaths from non-neoplastic
causes. By contrast, there is very little published informa-
tion on non-fatal morbidity among survivors based on
substantial numbers of patients. Large population-based
or multicenter questionnaire studies are in progress in the
UK and North America, however, in which survivors are
asked for detailed information about many aspects of their
present state of health and their personal and social 
circumstances. A preliminary report from the North
American study has shown that fewer survivors of CNS
tumors have been married compared with survivors of
other types of cancer.37 Many more results should become
available from both studies during the next few years.

MORTALITY

The crude annual mortality rate for cancer of the brain
and nervous system among children aged 0–14 years in
western, industrialized countries in 1990 was in the range
9–11 per million.38 Worldwide, among countries with
more than ten deaths from childhood cancers of the brain
and nervous system, both the highest and the lowest
mortality rates were in developing countries, respectively
Haiti (32.2 and 37.2 per million in males and females,
respectively) and Bangladesh (1.1 and 0.8 per million in
males and females, respectively).38 These extremes pre-
sumably reflect on the one hand very poor survival com-
bined with a high rate of diagnosis, or possibly a low level
of accuracy in death certification, and on the other hand
a low rate of diagnosis due to lack of specialist facilities
for treatment combined with a low autopsy rate.

In the USA, mortality from childhood CNS cancer
decreased by only 20 per cent between 1975–1977 and
1993–1995, compared with declines of 52 per cent for
leukemia and 59 per cent for all other cancers.39 This
modest decrease in the mortality rate reflects improve-
ments in survival that were small compared with those
for many other childhood cancers, together with the inc-
rease in incidence described earlier. As a result, the propor-
tion of childhood cancer mortality accounted for by CNS
tumors rose from around 22 per cent to 30 per cent over
the same period. Similar patterns can be observed in other
industrialized countries.

ORGANIZATION OF SERVICES

Treatment of CNS tumors is bound to be specialized to
the extent that surgery will invariably be performed in a
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neurosurgical unit. The routine referral of children with
CNS tumors to pediatric oncology centers has, however,
lagged behind that for other common childhood cancers.
In the USA in the 1980s, data on registration with coop-
erative trials groups were published from Los Angeles
County, California,40 and from Florida.41 In Los Angeles
during the period 1980–1987, 44 per cent of children aged
under 15 years and with CNS tumors were registered
with cooperative groups compared with 62 per cent of
those with other cancers. In Florida during the period
1981–1986, the proportions registered were 74 per cent
and 83 per cent, respectively. By the early 1990s, however,
not only did referral rates appear to have increased
greatly, but they had also caught up with those for other
childhood cancers. Results based on comparison of indi-
vidual case records have not been published, but expected
national numbers of cases were calculated from inci-
dence rates provided by SEER program cancer registries,
which cover about a tenth of the population; these results
were compared with numbers registered by the CCG 
and the POG.42 It is estimated that during the period
1989–1991, 96 per cent of children with malignant CNS
tumors and 94 per cent of those with other cancers were
registered with one of the two cooperative groups.

In Great Britain, referral of children with CNS tumors
to pediatric oncology centers increased from 36 per cent
in the period 1981–1984 to 73 per cent in the period
1993–1995, compared with an increase from 64 per cent
to 81 per cent for all childhood cancers combined.43 In
Italy, as in the USA, expected national numbers of cases
could be calculated only on the basis of regional registra-
tion data. For the period 1989–1994, an estimated 36 per
cent of children with a CNS tumor were referred to a
pediatric oncology center, compared with 78 per cent of
all children with any type of cancer.44

While there is a long and established tradition in
many countries of entering children with leukemia and
most of the principal types of solid tumor into clinical
trials and studies, CNS tumors have often been an excep-
tion. In part, this can be explained by lack of protocols,
particularly for tumors where chemotherapy is not used
widely, and by low referral rates to pediatric oncology
centers. Even among children treated at these centers for
types of tumor for which protocols do exist, however,
entry rates have often been low. In Florida during the
period 1981–1986, only 14 per cent of eligible children
with brain tumors at centers with protocols available
were entered, compared with 55 per cent for all cancers.41

In Italy, 66 per cent of children with cancer diagnosed in
the period 1989–1991 at pediatric oncology centers were
treated with protocols of the Italian Association of
Pediatric Hematology–Oncology and the Italian Task
Force for Pediatric Oncology; for the period 1992–1994,
this figure was 73 per cent. For CNS tumors, the corre-
sponding figures were 20 per cent and 27 per cent.44

Studies of survival in relation to patterns of care for
CNS tumors have concentrated on medulloblastoma.
During the 1970s, survival in Connecticut and the Greater
Delaware Valley, USA, was significantly higher among chil-
dren treated at cancer centers than at other hospitals.45,46

Both series were rather small, however, and possible con-
founding with other prognostic factors was not taken
into account. In Britain, over a similar period, survival
did not vary between neurosurgical or radiotherapy 
centers with different numbers of patients; this series was
somewhat larger, but again other prognostic factors were
not controlled for.47 In Ontario, Canada, between 1977
and 1987, children treated outside metropolitan Toronto
had nearly twice the risk of recurrence or death of those
seen in Toronto.48 After controlling for tumor stage, sex,
extent of surgery, and meningitis, the difference was no
longer statistically significant. The Toronto group tended
to be of lower tumor stage and contained higher pro-
portions of girls and of children with total rather than
near-total resection, all of which were favorable prognos-
tic factors; the Toronto group also included all the 
children with meningitis, which had an adverse effect on
survival. In the Connecticut study, children with brain-
stem glioma treated at cancer centers had higher survival
than those treated at other hospitals, but there was no
difference between the two groups for ependymoma or
other astrocytomas.45

Data from the Société International de Oncologie
Pédiatrique (SIOP) randomized trial of treatment for
medulloblastoma, also in the 1970s, were analyzed accord-
ing to size of treatment center.49 The 124 patients from
centers entering at least 20 patients in the trial had a sig-
nificantly higher disease-free survival rate than the 162
patients from other centers. Within CCG studies of
medulloblastoma and high-grade glioma during the
period 1985–1992, children operated on by pediatric
rather than general neurosurgeons had a higher propor-
tion of radical resection.50 Complete tumor removal
tends to be associated with a better prognosis, but sur-
vival rates were not reported by type of surgeon.

ETIOLOGY AND RISK FACTORS

In common with most childhood cancers, established
risk factors almost certainly account for only a small pro-
portion of CNS tumors in young people. The literature
up to the mid-1990s has been reviewed in detail by Little;51

therefore, this section aims largely to review studies pub-
lished since then. The SEER Pediatric Monograph11 con-
tains a useful summary of knowledge on the causes of
CNS tumors in children as of 1998 in the form of a table
of known, potential, and refuted risk factors. A modified
version is given here (Table 3.5).
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Cancer-predisposing syndromes

Genetic predisposition is undoubtedly a risk factor in
some cases. For nearly all the syndromes discussed below,
the specific genetic loci have been identified.

Neurofibromatosis type 1 (NF-1) confers an excess
risk of CNS tumors, particularly optic nerve gliomas and
other astrocytomas.52 In a series of over 500 NF-1 patients
from north-west England, the actuarial risk of optic nerve
glioma was 4.4 per cent by age 15 years and 5.2 per cent
by age 20 years.53 In a population-based mortality study

covering the whole of the USA, the relative risk of death
from a malignant brain tumor among people with NF-1
was 3.94 at age 0–9 years and 11.4 at age 10–19 years.54

In a population-based series of 3872 British children
with CNS tumors in the NRCT, 60 (1.5 per cent) had
neurofibromatosis;55 with the exception of three children
with meningiomas, these were probably all NF-1.
Neurofibromatosis type 2 (NF-2) is also associated with
an increased risk of CNS tumors,52 but since it occurs
with only one-tenth of the frequency of NF-1 and the
tumors are most commonly meningiomas and spinal
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Table 3.5 Current knowledge on causes of childhood central nervous system (CNS) tumors

Factor Current knowledge

Known risk factors
Sex Boys at higher risk of PNET
Neurofibromatosis 1 and 2, tuberous sclerosis 1 and 2, Children with any of these genetic conditions have an increased 
Gorlin (basal-cell nevus) syndrome, brain tumor risk of brain tumors. Children with Down’s syndrome are at 
polyposis syndrome, germ-line mutations of TP53 increased risk of intracranial germ-cell tumors
(giving rise to Li–Fraumeni syndrome) and of hSNF5/INI1
Parent or sibling with CNS tumor Associated with a three- to nine-fold increased risk. Probably explained

almost completely by the specific genetic conditions listed above
Family history of leukemia or sarcoma Probably explained by Li–Fraumeni syndrome
Therapeutic doses of ionizing radiation to the head The only conclusively established environmental risk factor. 

Children treated in the past for tinea capitis experienced a 2.5- 
to six-fold increased risk. Those now at risk are children treated 
with radiation to the head for leukemia or a previous brain tumor

Factors for which evidence is suggestive but not conclusive
Maternal diet during pregnancy Frequent consumption of cured meat associated with increased risk 

in several studies. Consumption of multivitamin supplements appears
to be protective

Paternal smoking Meta-analysis of ten studies showed a significantly raised 
relative risk of 1.2 with child’s exposure to paternal tobacco 
smoke. Maternal passive smoking during pregnancy may also be 
a risk factor

Factors for which evidence is limited or inconsistent
Other products containing N-nitroso-compounds Associations seen in one study have generally not been repeated 
or precursors in later studies
Father’s occupation and related exposures Many associations have been reported, but few have been replicated
Pesticides Many studies have reported associations, but with limited 

consistency between them. Exposure is confounded with farm 
residence and exposure to animals

Farm residence and exposure to farm animals Heavily confounded with exposure to pesticides
Characteristics of pregnancy and birth Raised risk of astrocytoma with high birthweight in early studies 

has not been found in more recent studies. Many other 
associations found in only one or two studies

Power-frequency electromagnetic fields Associations found in early, small studies not confirmed more recently
Virus infection Large cohort studies generally have not found raised risk among 

those exposed to polio vaccine contaminated with SV40

Factor on which there is public concern but no evidence relating specifically to childhood tumors
Wireless frequency electromagnetic fields All studies of mobile telephone exposure and CNS tumors have 

related to adults

PNET, primitive neuroectodermal tumor.



cord ependymomas, it must account for far fewer child-
hood CNS tumors than NF-1.

There are two types of tuberous sclerosis, which occur
with approximately equal frequency.52 In patients with
either type, the incidence of childhood brain tumors has
been reported as 5–14 per cent, of which 90 per cent 
are subependymal giant-cell astrocytomas.52 Among a
population-based series of 131 patients with tuberous
sclerosis, nine (seven per cent) had developed giant-cell
astrocytoma.56 In four cases, the astrocytoma was diag-
nosed before age 20 years, giving a cumulative incidence
of three per cent in childhood and adolescence, but this is
probably an underestimate, since some subjects were still
children when the data were collected. In the NRCT
series, 18 of 3872 (0.5 per cent) CNS tumors were associ-
ated with tuberous sclerosis.55

Cerebellar or spinal-cord hemangioblastomas occur
in around half of all patients with von Hippel–Lindau
disease, and frequently cause the first symptoms of the
disorder, but they are found in adulthood more often.52

In a population-based series of 173 consecutive cases
of medulloblastoma, four (2.3 per cent) were in children
with Gorlin (basal-cell nevus) syndrome.57 All four tumors
were desmoplastic medulloblastoma on pathology review
and occurred before age three years. An additional child
with Gorlin syndrome died of a presumed, but unveri-
fied, medulloblastoma, suggesting that the actual pro-
portion of cases due to Gorlin syndrome may exceed
three per cent.

Brain tumors are a recognized component of the Li–
Fraumeni family cancer syndrome. In a large series of
classic Li–Fraumeni and Li–Fraumeni-like families,
most of the brain tumors were high-grade astrocytomas
and medulloblastomas;58 13 of 16 (81 per cent) were in
patients with a germ-line mutation of the TP53 tumor
suppressor gene, which is located on chromosome 17p13.
In a cohort study of members of 28 Li–Fraumeni families
with germ-line TP53 mutations, 14 of 148 cancers were
brain and spinal-cord tumors. This was 22 times the
number expected from population incidence rates and
twice the number predicted if all cancers were to have
had a uniformly elevated risk, indicating that CNS
tumors are associated strongly with TP53 mutations.59 A
review of 91 families with TP53 germ-line mutations
revealed a bimodal age distribution for associated brain
tumors, with the more marked peak in the first ten years
of life and a second peak at age 20–40 years.60 Among
tumors of specified morphology, 69 per cent were astrocy-
tomas and 17 per cent were PNET. There have been several
reports of choroid plexus carcinoma in Li–Fraumeni
syndrome,61,62 indicating that the relative risk may be
especially high for this usually rare tumor.

Choroid plexus tumors and atypical teratoid rhabdoid
tumors have been found in association with germ-line
mutations of the hSNF5/INI1 gene, which is located on

chromosome 22q11.63–65 This raises the possibility that
hSNF5/INI1 is a tumor suppressor gene that may provide
the basis for some cases of Li–Fraumeni syndrome with-
out TP53 germ-line mutation.64

The term “Turcot’s syndrome” has been applied gen-
erally to the association of brain tumors and colorectal
polyposis or cancer in the same person.52 In a review 
of 151 published cases of brain tumor–polyposis (BTP)
syndrome,66 two distinct groups were identified. The
first, which the authors called BTP syndrome type 1, con-
sisted of patients with glioma and colorectal adenomas
without polyposis and their siblings with glioma and/or
colorectal adenomas. The gliomas were usually high-
grade astrocytomas and occurred during childhood and
adolescence. BTP syndrome type 2 consisted of patients
with a CNS tumor occurring within a familial adenoma-
tous polyposis kindred. The CNS tumors were predomi-
nantly medulloblastomas. In a study of 1321 members of
50 families in the Dutch registry for hereditary non-
polyposis colorectal cancer, which in combination with
brain tumors would correspond to BTP syndrome type 1,
the risk of a brain tumor was four to six times that in the
general population.67

There appears to be an overall deficit of CNS tumors
in people with Down’s syndrome, but the risk of intracra-
nial germ-cell tumors in Down’s syndrome is increased.68

After the exclusion of neurofibromatosis, tuberous
sclerosis, Down’s syndrome, and other known chromo-
somal defects, the incidence of congenital anomalies in a
large population-based series from the NRCT was lower
for CNS tumors than for most other diagnostic groups.69

Hydrocephalus, spina bifida, and other spinal anomalies,
however, were more common than expected. The excess
of hydrocephalus might be accounted for as a symptom
of a brain tumor. The association with spina bifida may
indicate a common environmental risk factor rather than
a common genetic basis, a possibility that is discussed
later in this chapter. Only two children with any type of
cancer were diagnosed with Rubinstein–Taybi syndrome
(RTS), and both had medulloblastoma. The international
RTS registry contained two cases of medulloblastoma,
including one of the NRCT cases, among 724 individuals
with RTS, but there were also an oligodendroglioma, an
oligoastrocytoma, and an ectopic pinealoma in addition
to various non-CNS tumors.70

Familial aggregations of CNS tumors may be expected
to occur in some of the syndromes described above,
especially NF-1, Turcot’s syndrome, and Li–Fraumeni
syndrome. In the population-based Swedish Family Cancer
Database, only 1.3 per cent of children with a brain
tumor had a parent with a nervous-system cancer.71 The
standardized incidence ratio (SIR) for brain tumors in
the offspring of a parent with a brain tumor was 2.54 
for the first five years of life and 1.88 for the first 15 years.
This was accounted for entirely by children with 
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astrocytomas. The SIR was particularly high, being 10.26
in the first five years of life and 4.29 in the first 15 years 
of life, for astrocytoma in the children of parents with
meningioma, possibly due to NF-2. An excess of ependy-
moma (SIR 3.70) in offspring of parents with colon can-
cer may represent a variant of BTP syndrome. There was
a significantly raised SIR of 13.33 for medulloblastoma
with parental salivary gland cancer, but this was based on
only two cases and had not been reported previously. In
a population-based study in the five Nordic countries,
there was no excess of CNS tumors or of cancer overall in
the siblings of children with CNS tumors after the exclu-
sion of sibling pairs with known genetic aetiology.72 This
need not imply that other childhood CNS tumors do not
have a genetic etiology, however; it is possible that as yet
unidentified low-penetrance germ-line mutations of
TP53 or other genes could be involved, as appears to be
the case with some childhood adrenocortical tumors.73

Environmental and exogenous factors

The only established environmental risk factor for CNS
tumors is ionizing radiation.51 The sharp reduction in
obstetric irradiation since the introduction of ultrasound
examination should mean that fewer cases are now attrib-
utable to this cause than previously. Radiation treatment in
the past for benign conditions such as tinea capitis carried
an increased risk of CNS tumors,74 but the abandonment
of this practice should mean that it does not account for
any newly diagnosed childhood tumors. Radiotherapy
for cancer is a significant risk factor in the development
of a subsequent primary CNS tumor,75 although many of
the radiation-induced tumors occur in adulthood.

There has been much public concern about the possi-
ble carcinogenic effect of extremely low-frequency elec-
tromagnetic fields (EMFs) emitted by electrical sources,
such as power-transmission lines and domestic wiring.
Consistently elevated risks of leukemia have been found
at the high EMF exposure levels experienced by a small
minority of children, but the reasons for this are
unknown and it may be attributable in part to selection
bias. There is, however, no evidence of a comparable
association with EMF for CNS tumors.76,77 A German
case–control study agreed with earlier studies in finding
no effect.78 When the available studies were reviewed by
Little,51 there was no consistent evidence for a raised risk
of childhood CNS tumors with parental exposure to
EMF from domestic appliances or at work. Two further
occupational studies, one each of fathers79 and of moth-
ers,80 do nothing to change this conclusion. There has
also been considerable public concern about the possible
association between radiofrequency radiation from mobile
telephones and brain tumors. Several studies, including
the largest case–control study81 and the largest cohort

study,82 found no evidence of increased risk. The subjects
were exclusively adults, however, and this topic has yet to
be investigated formally among children.

Following experimental evidence that transplacental
exposure to several N-nitroso-compounds can induce
nervous-system tumors, the possible risk associated with
exposure to preformed N-nitroso-compounds and their
precursors has been a principal focus of epidemiological
studies of childhood brain tumors. Nine published stud-
ies have investigated a possible association with maternal
consumption of cured meats during pregnancy. Most
found an association with frequent consumption,83 but
numbers of cases in some studies were small, the validity
of the dietary information appears not to have been eval-
uated, and selection bias cannot be ruled out.51 Three of
the studies were part of the Surveillance of Environmental
Aspects Related to Cancer in Humans (SEARCH) collab-
oration, but no pooled analysis of the SEARCH data on
dietary factors other than vitamin supplements has yet
been published.

Tobacco smoke is a potent source of N-nitroso-
compounds, although of course other constituents are
also carcinogenic. A meta-analysis of 12 studies pub-
lished up to 1997 found no evidence of association
between maternal smoking and childhood CNS tumors.84

Meta-analysis of the ten studies with data on children’s
exposure to paternal tobacco smoke showed a significantly
raised relative risk of 1.22 (95 per cent confidence interval
1.05–1.40), but confounding with other potential risk
factors could not be ruled out. A significantly raised risk 
of CNS tumors in children whose non-smoking mothers
were exposed regularly to tobacco smoke in pregnancy
was found in a study in Lombardy, Italy,85 and confirmed
in a later, non-overlapping study in the same region.86

A case–control study in China produced no evidence of
association between parental smoking before or during
pregnancy and childhood brain tumors, but it was based
on only 82 cases in total and fewer than 25 of any one
type.87 In the same study, there was a fourfold odds ratio
with paternal consumption of spirits, but this finding has
yet to be replicated.

Other products that are sources of N-nitroso-
compounds, including beer, incense, cosmetics, rubber
teats, and some categories of drugs, including diuretics
and antihistamines, have been investigated less fre-
quently. There is little consistency of results between
studies.51 In the US West Coast Childhood Brain Tumor
Study, no consistent associations were found with the
source of residential drinking water during the index
pregnancy nor, where available, with measurements of
nitrates or nitrites in tap water.88

By 1998, exposure to pesticides in relation to child-
hood CNS tumors had been analyzed in 17 studies,89 and
exposure to animals and residence on farms had been
investigated in seven studies, including five that also dealt
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with pesticides.90 Elevated risks for at least one measure
of pesticide exposure were found in half the studies and
tended to be greater for domestic rather than occupa-
tional exposure and for exposure prenatally rather than
during childhood. In most studies, there were also several
non-significant results, and risks were seldom calculated
for specific histological types. Childhood farm residence
and maternal or child exposure to farm animals tended
to be associated with a raised risk. In studies of specified
histological types, the increased risks were usually for
PNET rather than astrocytoma. If the excess risk with
exposure to animals and farm life is real, then it might be
related to animal viruses that are oncogenic, but these
exposures are also likely to be highly confounded with
exposure to pesticides.

Several studies up to the mid-1990s indicated a protec-
tive effect of maternal consumption of vitamin supple-
ments during pregnancy. This has been corroborated by
a pooled analysis of data from most participating centers
of the SEARCH collaboration.91 There was a significantly
reduced risk of brain tumors for children whose mothers
used vitamin supplements for at least two trimesters,
with a highly significant trend of less risk with longer
duration of use. The effect did not vary between astro-
cytoma, PNET, and other tumors. No effect was found for
supplements taken before conception or during breast-
feeding. As neural-tube defects can result from folate
deficiency during pregnancy, the possibly raised risk of
CNS tumors in children with spina bifida may also be a
consequence of insufficient folate intake. Only limited
data are available on other aspects of maternal diet, but
there are suggestions of a protective effect of vegetables.83

Childhood diet has been examined much less inten-
sively, and no clear relationship with CNS tumors has
been identified. In a comprehensive analysis of maternal
and child dietary factors from the Israel component of
the SEARCH study,92 the only significant associations
were with potassium intake during gestation and vegetable
fat in the child’s diet, both with raised odds ratios. No
associations were found with nitrate, nitrite, or vitamin C.

Paternal and, less frequently, maternal employment in
many different occupations has been linked to the devel-
opment of CNS tumors in offspring, as has parental
occupational exposure to a wide range of chemicals.
Paternal exposure to paints, inks, and pigments has tended
to be associated with a raised relative risk, although the
numbers of exposed fathers have been small.93 There has,
however, been little overall consistency in findings between
studies.51,93 In a pooled analysis from the SEARCH col-
laboration, the increased risks were for either parent
working in agricultural, motor-vehicle-related, or elec-
trical occupations, and for mothers working in textile-
related occupations.94 Previous associations with other
employment sectors, including the aerospace, chemical,
and food industries, were not confirmed.

There is little evidence that any childhood infection is
a risk factor for CNS tumors.51 Polio vaccines adminis-
tered during the period 1955–1963 were contaminated
with simian virus 40 (SV40), which was shown soon
afterwards to be carcinogenic in rodents. In laboratory
studies, SV40 DNA sequences have been detected in large
proportions of human choroid plexus tumors and ependy-
momas, raising the possibility of a role for SV40 in the
etiology of tumors.95 Population studies in Germany, the
USA, and Sweden, however, showed no differences in
incidence of choroid plexus tumors96 or ependymoma96–98

among cohorts exposed to SV40-contaminated vaccine
and those not so exposed. A recent analysis of medul-
loblastoma incidence in the USA99 did not support earlier
suggestions of an increase among children exposed to
SV40 in infancy in Connecticut.100 The Connecticut
study found a significantly higher rate of maternal polio
vaccination in pregnancy during the period of SV40 con-
tamination among medulloblastoma patients compared
with control children, but only 62 cases were born during
the relevant period and maternal vaccination status was
missing for 40 per cent of cases and controls.100

Raised risks of brain tumor have been found in asso-
ciation with epilepsy and its treatment, but epilepsy can
also be an early symptom of brain tumor. In a recent
study, the risk was elevated even for epilepsy more than
ten years before diagnosis of the brain tumor, but the
overall odds ratio was much higher for astroglial tumors,
which tend to be slow-growing, than for PNET, which
develop more rapidly.101

There is no consistent evidence that head injury is 
a risk factor for childhood CNS tumors. A national 
population-based cohort study of head injury and intra-
cranial tumors among people of all ages in Denmark
used record linkage between the hospital discharge 
registry and the cancer registry and was therefore not
subject to recall bias.102 Raised risk of brain tumors was
found only in the first year after head injury and was par-
ticularly high for people who also had epilepsy, suggest-
ing that the association was in fact due to an elevated risk
of head injury in the presence of an as yet asymptomatic
brain tumor.

A wide range of factors related to pregnancy and birth
has been studied in relation to the risk of childhood CNS
tumors. In the past, there has been no consistent evi-
dence for any effect of parental age. Maternal and pater-
nal age effects were investigated among 1617 children in
the Swedish Family Cancer Database with a brain tumor
diagnosed during the period 1958–1994 and for whom
the ages of both parents were known.103 As in previous,
smaller, studies, no maternal age effect was found. There
was a raised risk of brain tumors in children of older
fathers, which remained after adjustment for maternal
age; fathering a child after age 40 years conferred a 24 per
cent increase in relative risk. It was suggested that the
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trend towards older parenthood could explain in part the
increase in incidence of childhood brain tumors. That
increase was largely in astrocytomas,14,103 but unfortu-
nately parental age was not studied for different types of
brain tumor.103 In a cohort study of 459 childhood brain
tumors using the Medical Birth Registry in the neighbor-
ing country of Norway, there was a decreasing trend in
risk with father’s age, which just failed to reach statistical
significance for all brain tumors combined.104 A large
record-based case–control study in Great Britain that
included over 2300 children with CNS tumors found no
evidence of association with age of either parent.105

There is little consistent evidence for association of
CNS tumors with prior fetal loss, complications of the
index pregnancy, or mode of delivery. Overall, use of
anesthetics in labor does not appear to affect the risk of
CNS tumor in the child. In the Swedish record linkage
study, however, there were raised risks with the use of
pentane for all CNS tumors combined, high-grade astrocy-
toma, and medulloblastoma, and with the use of narcotics
for all CNS tumors combined, high-grade astrocytoma,
and a heterogeneous group of other CNS tumors.106 In
the SEARCH study, use of anesthetic gas was associated
with a raised risk of CNS tumors overall, but especially
astrocytoma.107

A consistent association of astrocytoma with high
birthweight in earlier studies51 has not been borne out
more recently. In the Norwegian cohort study, high
birthweight was a risk factor for medulloblastoma, while
for astrocytoma there was a non-significant reduced
risk.104 In the international SEARCH case–control study
of 1218 cases, there was little evidence of any variation in
risk with birthweight.107 In a German case–control study
of 466 cases, CNS tumors were not associated with high
birthweight, but there was a significantly raised risk for
low birthweight (less than 2500 g) for all CNS tumors
combined.78 Case numbers were too small to give reliable
estimates of risk for the main histological subgroups.

Condition at birth as measured by the Apgar score was
investigated in two Scandinavian record linkage studies. In
Sweden, a score of less than seven was associated with
increased risk of CNS tumors;106 in Norway, no effect was
found,104 but all scores below nine were considered
together. Of two case–control studies in the UK that
obtained information from obstetric, delivery, and neona-
tal records, but each of which contained fewer than 100
CNS tumors, one found a borderline significant raised risk
with Apgar score below seven108 and one found no effect.109
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DEFINITIONS

Basic helix–loop–helix (bHLH) Large family of transcrip-
tion factors (many of which are neurogenic) that dimerize
through a helix–loop–helix motif and then bind DNA 
via the adjacent basic domain. Includes HES, neurogenin,
NeuroD, ASH, MASH, ATH, and MATH.
Bone morphogenetic proteins (BMPs) Members of the
tumor growth factor beta (TGFb) superfamily of signal
peptides. Roles include pushing ectodermal cells towards
an epidermal rather than a neural fate.
Chordin Inhibitor of bone morphogenetic proteins (BMPs).
Appears to play a role in neural induction.
Cyclins Components of kinase complexes that regulate
transitions throughout the cell cycle.
ErbB Receptor family for neuregulins.
Fibroblast growth factor (FGF) Family of small signal
peptides, different members implicated in inhibiting and
stimulating neural differentiation.
Lateral inhibition Phenomenon whereby neighboring
cells inhibit each other from following certain develop-
mental pathways via the Notch signaling pathway:

• Delta – Cell-surface ligand for Notch.

• Serrate – Cell-surface ligand for Notch.

• Notch – Cell-surface receptor.

Neural Term applied to tissue capable of producing cells
of the nervous system.
Neural induction Process by which tissues signal to ecto-
derm to become neural.

Neural plate Axial region of ectoderm initially set aside
to form the central nervous system (CNS).
Neural tube Early tube structure formed by the rolling
up of the neural plate.
Neuregulins Epidermal growth factor (EGF)-related 
peptide signal molecules.
Neurogenesis Process of forming neuronal cells from 
proliferating precursors.
Neurotrophins Peptide factors that function in the 
survival, proliferation, and differentiation of nerve cells,
including nerve growth factor (NGF) and brain-derived
neurotrophic factor (BDNF).
Noggin Inhibitor of bone morphogenetic proteins (BMPs)
that appears to play a role in neural induction.
P27/KIP Cyclin-dependent kinase inhibitor.
Patched Twelve-pass transmembrane protein that appears
to act as a cell-surface receptor for the shh signaling mole-
cule. When no shh is bound, the Patched protein inhibits
the associated smoothened protein from activating a down-
stream signaling pathway. Two distinct Patched receptors
have now been defined.
Sonic hedgehog (shh) Signaling peptide that plays a role
in an amazing diversity of processes during embryonic
development, including granule cell proliferation,
dorsoventral patterning in the central nervous system
(CNS), anteroposterior patterning in the limb, and radial
organization of the gut. So-called due to homology with
the Drosophila melanogaster gene hedgehog.
Smoothened Seven-pass G-protein-related receptor mole-
cule inhibited by Patched. When active (e.g. when Patched
is absent or inhibited by binding of shh), Smoothened 
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signals to activate gene expression by activating Gli pro-
teins. Can also affect cell cycle by direct effects on cyclinB1.
Transcription factors Proteins that function to regulate
the transcription and thus the expression of other genes.
The vertebrate genome contains hundreds of genes
encoding these factors, and these are usually grouped
according to the structural motifs they contain, often
responsible for the ability of the factors to bind to their
target genes in a sequence-specific manner.
Trk (tropomyosin-related kinase family of receptors)
Receptors for the neurotrophins.
Wnt Large family of soluble signal peptides involved in a
wide range of embryonic processes. Act via the frizzled
family of receptors, the antigen-presenting cell (APC)
protein, and the LEF/TCF family of transcription factor
effector proteins.

INTRODUCTION

For many years, it has been clear that there is a fundamen-
tal link between cancer cells and embryonic cells. Many
genes first identified through their roles as oncogenes have
been shown subsequently to be key regulators of normal
developmental events. Likewise, genes first studied with
respect to their involvement in embryonic processes have
also been shown to play direct roles in tumor etiology. In
the case of brain tumors, the similarity between tumor
cells and embryonic cells is particularly pronounced, such
that a major class of pediatric brain tumors is classified 
as “embryonic tumors.” It is these embryonic tumors that
are the focus of this chapter. Particular attention will be
devoted to development of the cerebellum and processes
relevant to the most common pediatric brain tumor,
medulloblastoma.

In this chapter, we will consider the early development
of the central nervous system (CNS), with particular
emphasis on those aspects that we believe are most likely
to shed light on the process of tumor development. In
the following sections, we will describe briefly the devel-
opmental processes through which the normal CNS is
formed in order to provide a biological framework within
which pediatric CNS tumors can be better understood.
This discussion will be limited to the early events when
decisions regarding proliferation, migration, and initial
differentiation take place (thus not necessarily including
events involved in terminal differentiation, such as synapse
formation and neuronal signaling). Through knowledge
of their relationship to the normal tissue from which they
arise, particularly aspects that appear disrupted in such
tumors, it is hoped that the etiology of these tumors will
become clear. We will pay particular attention to processes
that have been studied in the tumors themselves. How-
ever, many processes controlling development of the CNS

have been elucidated only over the past few years and
have not yet made the transition to the field of neuro-
oncology. We will, therefore, also present data on these
other developmental processes that we believe are likely
to be of relevance to this class of tumor. Although the
general development of the CNS, including both neuronal
and glial components, will be discussed, detailed discus-
sion of glial development with respect to glioma and the
genes implicated through identification of genetic lesions
in gliomas is reviewed beautifully by Maher and colleagues1

and will not be included here. The first half of this chap-
ter will consider control of cell proliferation, control 
of cell maturation, cell migration, and cell-type specifi-
cation. In each section, the developmental process will
be described, followed by a discussion of the possible
or known relevance to tumor biology. In the latter half
of the chapter, we will review the process of cerebellum
development with particular reference to the molecular
control of granule cell proliferation and maturation, since
this is believed to be the cellular origin of the most 
common pediatric brain tumor, medulloblastoma.

In general, the studies of both cellular and molecular
mechanisms described here have been carried out pre-
dominantly in developing rodents and chickens. For those
outside the field of developmental biology, this may seem
somewhat removed from the human state. We would
therefore like to stress that, while there are some details
of CNS development that differ between organisms such
as chickens, mice, and humans, there is no doubt that
much of what will be described is true for all of these. The
expression of many genes and description of morpho-
logical processes has often been confirmed in human
samples, but of course the experimental proofs of function
are often possible only using animal models.

OVERVIEW OF CENTRAL NERVOUS SYSTEM
DEVELOPMENT

At all stages of development, events are regulated at several
levels. In general, cells alter their behavior in response to
signals from outside of the cell. During the early period
of CNS formation, the families of signaling molecules
most frequently seen in this context are members of the
bone morphogenetic proteins (BMPs), fibroblast growth
factors (FGFs), and Wnt proteins. The effects of these
signals frequently include changes in gene expression,
and much research has therefore centered on understand-
ing how these transcriptional changes are achieved. Such
changes are mediated by transcription factors, proteins
that bind to the regulatory elements of genes and either
activate or repress their expression. Thus, each regulatory
process often includes specific external signals, their recep-
tors, and a cascade of internal signaling events that finally
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changes the expression of genes via alteration of the func-
tion of transcription factors. Several such pathways will
be described in this chapter.

Formation of the neural tube

In developmental biology, one of the most studied but
least well understood processes has been the mechanisms
through which tissue is set aside as neural via a phenom-
enon called neural induction. The past decade has seen
the elucidation of much of the cellular and molecular
mechanism controlling this phenomenon (Figure 4a.1)
(reviewed by Harland2 and Scotting and Rex3). It has
been known for some time that the position of the CNS,
running along the midline of the embryo, is achieved
through its induction by axial mesodermal tissue lying
below the ectoderm. This inductive signaling results in
restricted regions of ectoderm adopting a neural fate while
the rest becomes the epidermis that will cover the outer
surface of the embryo.

The earliest evidence of a response to neural induction
is the expression of the genes Sox2 and Sox3,4,5 which are
themselves transcription factors. As such, the proteins
encoded by these Sox genes may function to convert the
initial signal to changes in gene expression necessary for
the cells to behave as neural cells. These changes include
morphological thickening, which gives rise to the neural
plate (Figure 4a.1b) and folding of the ectoderm, proba-
bly mediated by changes in cell adhesion. The end result
is the formation of the neural tube that will give rise to all
parts of the CNS (Figure 4a.1c).

TUMORS

While the events described above clearly occur well before
the initiation of tumorigenic processes, which are likely 
to present postnatally, investigating these processes may
yet be of value to neuro-oncologists. These studies provide
insight into the molecular mechanisms by which cells are
specified to be neural, processes that might be disrupted in
tumorigenesis, leading to the presence of non-neural cell
types in a neural site, as seen for example in teratoid/rhab-
doid tumors.6 Indeed, Sox gene expression is now being
considered as one of the best markers of the neural stem
cell,7 from which many CNS embryonic tumors may well
originate.8 In addition, studies of these early events pro-
vide an understanding of the molecular pathways, and
links between pathways, that are also found to be active in
later stages of development and in tumor etiology.

Neurogenesis

Once the tissue of the nervous system has been set aside,
it grows through maintained proliferation. However,
production of the mature cells of the nervous system is
initiated very early during its development. Thus, there
must be very effective control of these two processes,
such that the cells of the CNS are produced in the correct
temporal and spatial manner while sufficient cells are
maintained in proliferation to achieve the required size
and complexity of the nervous tissue. Not surprisingly
for this most complex of tissues, it seems that there 
are very many genes involved in controlling this choice,
and there appear to be many safeguards against errors.

Figure 4a.1 Diagrammatic representation of central nervous system (CNS) development in higher vertebrates. Transverse section
views of the developing CNS in progressively later stages of development. (a) Prior to neural induction, the three germ tissue layers
(ectoderm, mesoderm, endoderm) are formed via gastrulation. Cells along the midline of the ectoderm (at this stage called the
epiblast) migrate ventrally and spread out beneath the ectoderm to form the endoderm (which will go on to form the internal lining of
the inner organs such as gut and lung) and the mesoderm (which forms between the ectoderm and endoderm and gives rise primarily
to muscle and bone). (b) Signals from the midline mesoderm cause the more medial ectoderm to thicken and fold and express markers
of neural fate such as Sox2; this is the process of neural induction; the thickened ectoderm is called the neural plate. (c) The neural
plate rolls up and fuses dorsally to form the neural tube from which all CNS structures arise. (d) For simplicity, only the spinal cord is
shown at this later stage. The spinal cord is thickening through continued proliferation of the neuroepithelium. The bulk of the spinal
cord is now made up of cells that have stopped dividing and migrated laterally, first to the subventricular zone, and later to be pushed
further outwards as they differentiate. The outermost part is the white matter, where axons run along the spinal cord.

Neural induction is the phenomenon by which the axial mesoderm causes the neural plate to form. Work from many groups has now
shown that bone morphogenetic proteins (BMPs) drive away ectoderm from a neural fate and that BMP-blocking molecules, such as
noggin and chordin (derived from the inducing tissue), cause the midline ectoderm to become neural by relieving this inhibition. In
higher vertebrates (birds, mice, and, presumably, humans), very recent work has shown that fibroblast growth factor (FGF) signals also
play a role in driving cells towards a neural fate and that Wnt signals may override these FGF signals. Thus, coordinated activity of all
three of these signaling systems results in restricted regions of ectoderm adopting a neural fate while the rest becomes the epidermis,
which will cover the outer surface of the embryo. In summary, a current model suggests that BMPs inhibit cells from becoming neural,
while FGFs inhibit BMP signaling and drive cells towards a neural state and Wnts might block the positive effects of the FGFs. Thus,
absence of Wnts and presence of FGFs, as seen where the CNS develops, causes activation of transcriptional changes, at least in part,
through the activation of Sox proteins.
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However, it is this very choice that is disrupted in the
cancers that are the focus of this book.

The neural tube is initially a single-layered neuro-
epithelium, still expressing early markers such as Sox2 and
Sox3, from which all cell types of the mature CNS will
eventually arise. In fact, Sox3 and Sox2 remain expressed
in the proliferating population of the neuroepithelium
throughout development.9 As such, these two genes pro-
vide excellent markers of the most primitive cells of the
nervous system. Neurogenesis, the production of func-
tional neurons, begins anteriorly and moves as a wave
from anterior to posterior. Neurogenesis is controlled by
both positive and repressive influences. Recent experi-
ments suggest that FGF-8, produced in the mesoderm
adjacent to the immature part of the neural tube, inhibits
this process, while another, as yet undefined, factor pro-
duced by more mature anterior mesoderm is required to
promote differentiation.10

Once neurogenesis begins, individual cells in the neu-
ral tube sequentially express a series of neurogenic tran-
scription factors, most from the basic helix–loop–helix
(bHLH) gene family (Figure 4a.2).11,12 Concomitantly,
the cells stop dividing and migrate laterally away from
the lumen of the CNS to differentiate fully in a more lat-
eral position within the CNS. It seems clear from many
studies that it is these bHLH genes that are the master
control factors regulating the first steps in the neurogen-
esis program. However, the details of cell movements and
the precise series of transcription factors expressed vary
in different regions of the CNS, thus a simplified general
scheme will be discussed here. At later stages, gliogenesis
seems to follow a similar series of events.

When cells undergo the transition from a proliferating
to a post-mitotic state, they also initiate the first events of
differentiation. It therefore seems that the same signal(s)
cause cells to stop dividing and to initiate differentiation.
A complex series of events then regulates the actual dif-
ferentiation program as post-mitotic neurons mature. We
will therefore first consider the control of proliferation,
including the decision of whether to exit the cell cycle
and initiate differentiation, after which we will consider
the control of cell maturation as post-mitotic cells mature.

CONTROL OF CELL PROLIFERATION

The regulation of cell proliferation can be considered at
several levels. As described above, there are signals that lead
to a cell remaining proliferative and those that antagonize
these signals, thus driving neuronal and glial differenti-
ation. Cytoplasmic events include effects on components
of signaling pathways that mediate the transfer of cell-
surface signals to nuclear changes. Finally, events in the
nucleus represent the effectors of those signaling pathways.

In general, the proliferating ventricular zone appears
quite similar in all brain regions. As cells exit mitosis, they
migrate laterally. Once they have exited the ventricular
zone, they enter the subventricular zone and then move
out to their final location (Figure 4a.1d). But what actually
regulates the proliferation of these cells? As mentioned
above, it has been shown that FGF signals from the meso-
derm seem to inhibit early neurogenesis. Likewise, recent
data suggest that the sonic hedgehog (shh) signal peptide
acts as a mitogen in several regions of the brain, includ-
ing the cerebellum (Figure 4a.3) (see p. 61 for a detailed
description of the shh pathway).13 However, extracellular
signals that drive neurogenesis have not yet been iden-
tified. It may be that neurogenesis is simply the result of
cells becoming immune to mitogenic stimuli via cell
autonomous changes. Once neurogenesis has begun within
the nervous system as a whole, a process termed “lateral
inhibition” appears to play a dominant role in the choice
between proliferation and differentiation (Figure 4a.2).12,14

This is a phenomenon by which differentiating cells express
on their surface a protein (a member of the Delta/ Serrate/-
Jagged family) that interacts with a receptor of the Notch
family on the surface of neighboring cells. The result of this
interaction is that the cell receiving the signal is inhibited
from that pathway of differentiation. It is believed that
this is a central mechanism to ensure that the correct bal-
ance between proliferation and differentiation is main-
tained. In the CNS, experimental interference with this
pathway can result in a mass differentiation of cells at the
expense of proliferation,15 while experimentally activat-
ing this pathway inhibits any differentiation.15 The sig-
naling that results from lateral inhibition is effected at 
a transcriptional level, by activating the HES family of
transcription factors.12,16 HES proteins repress genes that
promote differentiation (Figure 4a.2).16

The final step in any pathway that promotes prolifera-
tion must be to regulate the cell-cycle machinery. A great
deal of the molecular detail of this machinery has been
elucidated (Figure 4a.4) (reviewed in detail by Ross17 and
Ohnuma et al.18). However, the specific mechanisms by
which this machinery is regulated in the CNS is less clear.
It is striking, however, that CNS tumors rarely exhibit
mutations in genes such as those encoding the retino-
blastoma (Rb) and p53 tumor suppressor proteins,19–21

which are frequent oncogenic targets in tumors of other
tissue types. It is likely, therefore, that the fundamental
cell-cycle control programs are regulated by other mech-
anisms in the CNS. Some of these are discussed in more
detail below, in the context of cerebellum development.
As for the trophic support of nerve cells, several growth
factors, including epidermal growth factor (EGF) and
platelet-derived growth factor (PDGF), have been shown
to be important for their survival in vitro and in vivo.22–24

Thus, the expression of receptors for these families could be
an important feature of the maintenance of proliferation.
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Figure 4a.2 Notch signaling pathway. The Notch receptors and their ligands (members of the Delta/Serrate/Jagged families) mediate
the process of lateral inhibition. In this process, a ligand for Notch expressed on the surface of one cell interacts with its Notch
receptor on a neighboring cell and thus alters the behavior of that second cell. In the developing central nervous system, cells that
have only recently stopped dividing that express the ligand, and this allows them to inhibit their immediate neighbors from initiating
neuronal differentiation. This is believed to regulate the number of cells undergoing neurogenesis at any one time.

Both ligands and receptors have a similar structure, spanning the membrane once and containing a series of EGF-like repeats in their
extracellular domain. When Notch binds a ligand, this triggers its cleavage such that its intracellular domain (Notch-ICD) is released
into the cytoplasm and subsequently enters the nucleus. In association with a cofactor RBP-J, the Notch-ICD acts as a transcription
factor activating expression of a HES gene. HES proteins (e.g. HES-1, HES-5) are members of the bHLH family of transcription factors,
but, unusually, most HES factors repress rather than activate their gene targets. Thus, HES proteins inhibit the expression of genes that
activate neuronal maturation, and the activated Notch therefore blocks cells from becoming neurons. The sequence of events that is
inhibited by HES factors represents a neurogenic cascade. Although the precise factors involved vary between different regions of the
nervous system, the basic principles are generally true. When HES expression is off, other classes of bHLH transcription factors such as
the ASH genes (MASH1 in mice) can be expressed. ASH proteins can activate expression of neurogenins, which can activate expression
of genes such as NeuroD. All of these are bHLH factors, and each is capable of inducing some aspects of neuronal differentiation.
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Figure 4a.3 Development of the cerebellum. (a) Side and dorsal views of the developing human brain at three months’ gestation.
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Consistent with this idea, amplification of epidermal
growth factor receptor (EGFR) is seen in tumors of the
CNS, particularly in gliomas. A large body of work has
studied the dependence of post-proliferative cells on these
factors, which has identified the importance of the EGF-
related neuregulins and their erbB receptors (reviewed in
Buonanno and Fischbach25) and the tropomyosin related
kinase (Trk) family of receptors for the neurotrophins
(such as nerve growth factor (NGF), reviewed in Huang
and Reichardt26). Interestingly, TrkC is one of the few fac-
tors expressed in medulloblastomas that might provide an
indication of the prognostic outcome for these tumors.27,28

Tumors

Of the above systems regulating proliferation, few have
been identified as significant in tumors of the CNS. The
ability of Notch to affect whether a cell differentiates or
proliferates makes it an obvious candidate as a target 
for mutations that would result in tumor like behavior.
However, the effects of Notch activation might be tissue-
and stage-specific. Overexpression of activated Notch
receptor has been shown to be able to block differentia-
tion of small-cell lung-carcinoma cell lines,29 while it can
activate differentiation of neuroblastoma cells.30 Notch
activation has also been implicated in a number of other
tumor types, including mammary tumors31 and lym-
phomas.32 Given the ability of Notch activation to block
differentiation in the CNS in some contexts, this pathway
remains a significant area for study in CNS tumors. Indeed,
a recent study demonstrated that experimental activa-
tion of Notch2 or its target, HES-1, could block the 
differentiation of cerebellar granule cells, from which
medulloblastomas arise.33 Elucidating the full details of
the downstream consequences of Notch signaling may
provide insight into elements of these control processes
that are indeed altered in CNS tumor development.

Although many elements of the basic control of the
cell cycle are seen in all cell types, some components of
the regulatory machinery that controls whether cells
progress through the cycle or stop are more tissue-specific.

To date, study of this process with particular relevance to
neurons is somewhat limited. An elegant study in mice
has demonstrated clearly that such tissue-specificity is
likely to be of central relevance to the role of such genes in
tumorigenesis. Yu and colleagues34 showed that specific
members of the cyclinD protein family are involved in
tumor development in particular tissues. Loss of cyclinD1
resulted in immunity to breast tumors induced by the
oncogenes neu and ras. These same oncogenes were still
able to induce salivary tumors, and other oncogenes were
still able to induce breast tumors. Overall, it seems that
different oncogenic pathways might activate the cell cycle
via different cyclins, and this might also vary depending
on the tissue involved. Clearly, knowledge of the compo-
nents able to control these processes in normal develop-
ment will provide more directed target genes for analysis
in tumors of the nervous system.

CONTROL OF CELL MATURATION

Control of the events that occur immediately after a cell
leaves the cell cycle is related directly to the signaling
pathways that control proliferation, since the trigger to
continue or cease proliferating appears to be the same 
as the trigger to initiate a differentiation program. These
have been described above, so this discussion will be lim-
ited to the events that occur during the cell’s subsequent
maturation.

The decision to undergo neuronal differentiation is
effected through the activation of neurogenic genes.
Although the precise details of the genes expressed vary
between different regions and cell types in the CNS,
some features are generally true. First, Sox3 and Sox2
expression is lost (except in glia).4,9 Also, as described
above, expression of the HES family of repressor genes is
lost and Notch ligands are upregulated transiently. The
first of the neurogenic transcription factors to be upreg-
ulated are members of the bHLH gene family. These genes
function in a cascade of activation (Figure 4a.2).12 Thus,
following the decision to exit the cell cycle, particular

from which cells migrate tangentially across the surface of the cerebellar anlage beneath the pia mater (b). These cells form the
external granule layer (EGL) and are the precursors of granule neurons.

The first cells to stop dividing and begin differentiation migrate outwards from the ventricular zone of the roof of the fourth ventricle
(shown as large cells in (b)). Soon afterwards, the secondary germinal zone (the EGL) forms through migration of cells over the dorsal
cerebellar surface (shown as small cells in (b)). During early stages of cerebellar maturation, cells continue to migrate laterally from
the ventricular zone, producing all cells of the cerebellum except for the granule cells (c). Cells of the EGL proliferate to form a layer
that is several cells thick. Cells from the EGL then begin to exit mitosis and move inwards (d). The sequential stages of granule cell
development are shown as black cells numbered 1–4 in detail. On reaching the premigratory EGL, the granule cells begin to
differentiate, extending processes parallel to the surface (2). The granule cells then extend another process through the molecular
layer and Purkinje cell layer towards the inner granule layer (IGL). Finally, the soma of the cell translocates along this last process
(3) to produce a cell with its body in the IGL and a T-shaped process projecting out towards the surface (4).
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Figure 4a.4 Cell-cycle control. The proteins responsible for cell-cycle progression are the cyclin-dependent serine/threonine kinases
(cdks), which are present throughout the cell cycle, and the cyclins, which bind to and regulate the specific activity of the cdks,
targeting these molecules to the correct location within a cell and to the correct substrates. The cyclins are synthesized (unlike the
cdks) at specific stages in the cell cycle and appear to be regulated primarily at the level of translation. All cyclins contain a destruction
box that targets the proteins for ubiquitination and subsequent proteolysis. The turnover rate of cyclins is very rapid, a feature required
for the progressive stages of the cell cycle to occur. Passage through the G1 restriction point of the cell cycle commits cells to divide.
This passage is blocked by the retinoblastoma protein (pRb), which binds to E2F-like transcription factors and inhibits their activation
of genes required for cell-cycle progression, including S-phase regulators such as c-Myc and DNA polymerase alpha, and also the
D-type cyclins that are necessary for G1–S phase progression. CyclinD proteins are upregulated in response to growth factor stimulus,
peaking at the G1–S phase boundary. Progression through G1–S is achieved when cdks 4 and 6 bind to the regulatory cyclinD subunit.
CyclinD levels have to reach a threshold level to achieve this binding, as the inhibitor p27 competes with cyclinD for cdk binding. Once
an active cyclinD-cdk4/6 complex is formed, it phosphorylates pRb, allowing E2F to dissociate. Another inhibitor, p16, displaces p27
and allows it to bind in turn to cdk2, the cdk that is activated by cyclinE, which reaches maximal protein levels at the G1–S phase
boundary and is also required for entry into S phase. CyclinE is degraded early in S phase, allowing cdk2 to bind to cyclinA, which in
turn is required for progression through S phase. Both cyclinE and cyclinA are inhibited by the binding of many p21 molecules. P21, an
inhibitor activated by p53 in response to DNA damage, also binds to proliferating cell nuclear antigen (PCNA), a cofactor required for
DNA polymerase activity. The last stage in the cell cycle is mitosis; the B-type cyclins and cdc2 are required for cells to progress from G2
into this phase. Activity of cyclinB-cdc2 is in turn regulated by the phosphatase cdc25, which removes a critical phosphate that blocks
activation. Degradation of the B-type cyclins is necessary for completion of mitosis, which continues until late into G1 to prevent
mitosis of the next cycle occurring before the next S phase has taken place. Cyclin–cdk partners have also been shown to be regulated
by cdk-activating kinases, which phosphorylate residues essential for activity of the complexes.
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bHLH genes are expressed, often neurogenins. This results
in activation of other bHLH genes, such as NeuroD1,
which then activates later genes, which might also
include transcription factors. Although it is likely that

many of the genes involved are yet to be identified, exper-
imental evidence shows that it is this sequential activation
of transcription factors that mediates the maturational
changes that neurons undergo.
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Tumors

In the context of tumors, it is of particular note that these
factors are all expressed in slightly different temporal
ways during the time when cells are escaping the pro-
liferating epithelium and migrating. Their presence in
tumor cells may therefore reflect not only the very precise
maturational state of those cells but also some aspects of
their cellular behavior. The genes that regulate the earli-
est steps of neuronal maturation also provide candidates
targets for mutations that disrupt that maturation, such
changes perhaps representing secondary or later alter-
ations as cells undergo tumor progression. However, it
has also been shown that some of the genes described
above can have direct dominant effects on the decision 
to exit the cell cycle and so could be involved in tumor
initiation (reviewed by Ohnuma et al.18).

CELL MIGRATION

As stated earlier, migration of newly born neuronal cells
is a fundamental feature of CNS development (reviewed
by Gleeson and Walsh35 and Lambert de Rouvroit and
Goffinet36). Clearly, in the context of tumors, the ability of
cells to migrate through surrounding tissue is an important
biological problem. The molecular basis of cell migration
varies depending on the site and cell type. In general,
neurons move via extension of a long cellular process,
followed by displacement of the nucleus along that process.
They also frequently move along the surface of the
extended fibers from other cells. Thus, in the cortex, early
cells, the radial glia, extend processes to the outer surface
of the cortex, and newly born neurons then migrate out-
wards along those processes. In general, however, the
highly organized movements of neurons during normal
development seem quite different to the events that are
likely to trigger tumor cell dispersion. Although several
genetic mutations have been found where the ability to
migrate or the directional control of that migration is dis-
rupted, the genes implicated generally regulate cytoskeletal
organization and directional movements, resulting in a
disorganized CNS. The movements seen during metastasis
represent an abnormal escape of cells from the CNS tissue
that is not seen in the above cases, hence study of such nor-
mal events may have little bearing on tumor cell biology.

Tumors

One aspect of normal migration may be of particular 
relevance. In a relatively rare, X-linked disorder, periven-
tricular heterotopia,36 cells fail to escape from the 
neuroepithelium. This disorder manifests in females
(males die prenatally) such that affected cell populations

remain in the ventricular zone. The genetic basis of this
disease is mutation of an actin-binding protein, filamin 1.
Thus, these mutations are likely to interfere with the neces-
sary changes in cytoskeletal organization for delamination
from the neuroepithelium. Clearly, understanding this bio-
logical process might shed light on some of the changes
necessary for neuroepithelial-like cells of primitive neuro-
ectodermal tumors (PNETs) to undergo migration.

CELL-TYPE SPECIFICATION

Within the CNS, the type of cell, neuron, or glia, and sub-
types thereof, is determined by the time of birth and
position within the anteroposterior, dorsoventral, and
mediolateral axes (reviewed by Scotting and Rex3, Jessell37,
Goulding and Lamar38, and Lumsden and Krumlauf 39).

In the anteroposterior axis of the spinal cord, little
variation in cell type is seen, most cell types being rep-
resented along its entire length. However, there is exten-
sive variation in cell populations throughout the brain.
The molecular basis underlying the specification of these
cells is effected by a combination of transcription factors,
many of which are within the homeodomain family
(particularly the Hox, Otx, and Etx families). Thus, each
cell expresses an appropriate set of genes for its correct
morphology and biological function as a result of the activ-
ity of the specific set of transcription factors it expresses.
Control of the correct set of transcription factors seems
to be regulated by signaling through retinoid-related signal
molecules and their receptors.

The dorsoventral axis exhibits a high level of variation
in cellular subtypes throughout the entire CNS. The
effectors of these differences are again transcription fac-
tor codes, but in this case different subtypes of home-
odomain factors (Pax, Nkx, and Irx subfamilies) are
involved. The correct set of these genes is established
by signals arising from the tissues dorsal (ectoderm-
producing BMPs) and ventral (notochord-producing
shh) to the neural tube.

Position in the mediolateral axis is regulated primarily
by the time at which a cell is “born” from the ventricular
zone. As described earlier, cells migrate outwards from
the ventricular zone to defined sites. The fate of the cells
is, in some cases at least (such as cor-tex), determined
around the time of the cell’s “birth” (when the cell exits
mitosis) rather than being influenced later by the envi-
ronment it experiences once it has migrated.

Tumors

This is one of the least studied aspects of study in neuro-
oncology, and yet it is one of immense breadth and depth
of data from developmental systems. Classically, a major



criterion upon which tumors have been categorized
has been according to the types of cell they contain.
However, this has been based largely on morphological
features and a small range of markers of differentiated
cell types. Such classification has proven to be of limited
value in prognostic evaluation. Since the most differenti-
ated cells of a tumor are generally no longer a threat to
the patient, it is not surprising that the biology of these
cells seems to have little bearing on the prognosis for that
patient. The main value of studying these more mature
cells is to provide clues as to the biology or cellular origin
of the proliferative tumor cells from which they have
arisen. Clearly, knowledge of the genes expressed when
cells first acquire their positional identity provides markers
that allow detailed classification of proliferating precur-
sors. It might be hoped that such a classification of pedi-
atric brain tumors will identify subgroups of different
prognostic outcomes.

Since the means of classification used to date provide
only limited prognostic value, it may be that only a detailed
molecular characterization of the tumors into small sub-
groups based on features such as cell type will identify
those groups that respond to specific therapeutic regimes.

CEREBELLUM DEVELOPMENT: 
A SPECIAL CASE

Since the cerebellum is a predominant site of pediatric
brain tumors and exhibits unique developmental features,
it is discussed in detail here (see also Figure 4a.3 and the
reviews of Wang and Zoghbi40, Hatten and Heintz41, and
Hanway42).

Although the formation of the cerebellum begins early
during embryonic development, it does not achieve matu-
rity until several months after birth, resulting in a pro-
longed formative period with an increased vulnerability
to developmental aberrations and neoplasia. The cere-
bellum is derived from the dorsal neural tube of the
fourth ventricle, with elements originating from both the
mesencephalon and metencephalon. The early cerebel-
lum develops through a complex series of morphogenetic
movements under the control of signals released from
the isthmus organizer (a narrow region at the border of
the mid- and hindbrain (reviewed by Wang and Zoghbi40).

One of the most unusual features of the cerebellum is
that its constituent cells arise from two separate germinal
regions. The first is a typical epithelial ventricular zone,
which lies beneath the developing cerebellar plate, between
the isthmus and choroid plexus. The first group of pre-
cursors to leave the ventricular zone, at E10–11 in mice
and week eight in human embryogenesis, are fated to
give rise to the deep cerebellar nuclei, which form a man-
tle above the initial ventricular zone (Figure 4a.3a). From

E13 in mice and week nine in humans, cells fated to
generate the interneurons of the molecular layer, the
Purkinje cells, and the glial cells of the cortex arise via
radial migration away from the germinal epithelium,
along glial fibers (Figure 4a.3b). The Purkinje cells form 
a plate-like structure that is suspended beneath the later-
forming external granule layer. These events seem to
occur via similar mechanisms to those seen in most other
brain regions. The second germinal matrix, the external
granule layer (EGL), is derived, at E13–15 in mice and at
week 11 in humans, from cells migrating exclusively from
the metencephalic rhombic lip (Figure 4a.5).

Granule cell precursors in the EGL are marked in mice
by expression of the bHLH transcription factor, Math1.43

Math1 is expressed in the mid-hindbrain region from E9.5
onwards and persists throughout the early migration of
the proliferating granule cell precursors and their post-
natal proliferation in the EGL.43 During the tangential
migration to form the EGL, a number of other genes are
expressed, including nestin and the granule cell marker
RU49/Zipro1.44 This second germinal layer of the cere-
bellum, the EGL, is unusual in several respects. In partic-
ular, unlike most other germinal regions, it no longer
exhibits an epithelial structure and, also unlike most other
regions, most or all cells of the EGL are specified while
still actively proliferating, to give rise only to one type of
neuron, the granule neuron.45,46

The EGL eventually forms a thin layer of granule cell
precursors covering the entire surface of the cerebellum.
The EGL proliferates postnatally to generate a layer up to
eight cells thick. Cells on the outer surface of the EGL
continue to proliferate, while cells moving inward to the
deep EGL (or premigratory zone) become post-mitotic.
Tight regulation of the number of EGL cells produced is
essential in generating a fully functional mature cerebel-
lum, both at the level of maintaining EGL cells in a pro-
liferative state and specifying when a cell should stop
dividing and start differentiating.

Differentiation occurs as post-mitotic cells move into
the inner EGL. Granule cells first extend parallel fibers
horizontally to the pial surface and the cell bodies move
along the axons. The granule cells then extrude a third
process inwards and, after turning through 90 degrees,
descend into the inner granule layer (IGL), leaving
behind a trailing process, still attached to the horizontal
parallel fibers, which will eventually contact the processes
of the Purkinje neurons (Figure 4a.3c). Several genes are
expressed during the initial polarization of the post-
mitotic granule cells, including those that code for Tag1,
class 3� tubulin, and components of the Dcc/netrin
pathway.40 Studies of granule cells in culture demon-
strate that this polarization is a cell autonomous activity
independent of spatial cues; a candidate molecule for 
initiating this behavior is Pax6. Mouse mutants lacking
functional Pax6 put out irregular and sometimes multiple
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processes and migrate in a disorganized manner.47 It 
has therefore been suggested that Pax6 may be involved
in a vital regulatory process of cytoskeletal organiza-
tion during the polarization and migration of CNS 
neurons.47

Molecular regulation of granule cell
proliferation and maturation

Several molecules have been suggested to play a role in
maintaining the proliferative state of granule cell precur-
sors. Some of these molecules are released from the
underlying Purkinje neurons, while others are expressed
as a result of homotypic interactions between the prolif-
erating granule cell precursors.48 The importance of
Purkinje cells in stimulating the proliferation of granule
cells has been shown in several studies, and the soluble
signaling molecule, shh, is the likely candidate factor
mediating this effect. Shh acts via a cell-surface receptor,
Patched-1, which leads to activation of transcriptional
events via the zinc-finger transcription factors Gli1-3.
Many downstream components of the shh signaling
pathway are expressed in granule cells, including its pro-
posed receptor Patched-1 and the effectors of the acti-
vated pathway, Gli1 and Gli2 (Figure 4a.5). These genes
are expressed in granule cells at the same time that shh is
produced by the underlying Purkinje cells; it has been
demonstrated in vitro that shh induces expression of
these genes in cerebellar cells, indicating that the pathway
is active in this population. Blocking shh signaling
in vivo results in the formation of hypoplastic cerebella
with resultant folial abnormalities due to a gross reduc-
tion or absence in the number of granule neurons pres-
ent.49 Several overexpression studies have indicated that
shh can maintain granule cell precursors in a prolifera-
tive state, indicating that shh is a potent mitogen for
granule cell precursors.49–51 A similar effect is seen when
the granule cell marker RU49/Zipro1 (a zinc-finger tran-
scription factor) is overexpressed, indicating that this
gene may participate in the same or related signaling
pathway. It is interesting to note that although shh is a
mitogen for granule cells, it has alternative roles in other
cell populations of the cerebellum; for instance, it pro-
motes the differentiation of Bergmann glia. It seems
probable, therefore, that other factors in addition to shh
are required in order to specify the precise mitogenic
response of granule cells to this signaling molecule. Also,
mice lacking a functional Gli1 gene show no obvious
phenotype, including no behavioral abnormalities, to
suggest a defective cerebellum.52 It seems, therefore, that
it is more than just Gli1 that mediates the effects of shh 
in the cerebellum. This proposition is supported by the
observation that lack of Gli1 has not yet been shown to
arrest tumor growth.8

In addition to the shh activated pathway described in
Figure 4a.5, an alternative mechanism by which shh
could affect the cell cycle has been suggested. Patched-1,
the proposed receptor of the shh signaling molecule, has
been found to be involved in blocking G2-M phase 
progression of the cell cycle. This inhibition is the result
of Patched-1 binding to and retaining cyclinB1 in the
cytoplasm/plasma membrane so that it cannot phospho-
rylate and activate essential components of the mitotic
machinery in the nucleus.53 Addition of shh disrupts this
interaction, allowing cyclinB1 to localize to the nucleus
and drive mitosis. Therefore, shh may control activation
of granule cell proliferation through both cyclinB1/cdc2
and Gli1.

In contrast to the regulation of granule cell prolifera-
tion described above, in which the stimulus is largely
from the Purkinje cells, a homotypic stimulus of granule
cell proliferation has been suggested to occur. This system
involves granule cells interacting via the Notch receptor
on their surface and a ligand on the surface of adjacent
granule cells. As described earlier, such signaling is impor-
tant in maintaining neural precursor populations in
many CNS regions during embryogenesis through the
process of lateral inhibition (Figure 4a.2). Experimental
data suggest that activation of Notch2, which is expressed
specifically in the granule cell precursor population,
leads to increased expression of the transcription factor
HES1, with a concomitant increase in EGL proliferation
and inhibition of differentiation.33

As granule cells in the EGL become post-mitotic, they
express several genes specific to this stage of maturation,
including those encoding the transcription factor
NeuroD, which is required for the survival of post-
mitotic granule cell neurons,54 and the cell-cycle inhibitor
p27/KIP. There is some evidence that it is accumulation
of p27/KIP that allows granule cells to stop proliferating
and start differentiating, even in the presence of high
concentrations of shh.55 At this same time, expression 
of MATH1, which is expressed strongly in proliferating
granule cell precursors, is lost. Interestingly, mice lacking
functional MATH1 exhibit an almost complete loss of
granule cells,43 while overexpression disrupts normal
granule cell differentiation.56

Although few studies have addressed the roles of cell-
cycle control machinery specifically in granule cell devel-
opment, there are some very interesting data that might
provide insight into targets for disruption of the cell cycle
in tumors derived from granule cells. The D-type cyclins
are expressed in a cell-specific manner in the developing
brain, which provides opportunity for modulation of the
cell cycle in a region-specific manner during CNS devel-
opment. Expression of these cyclins also appears to be
specific to the developmental stage of a particular cell
type. For instance, the splice form of cyclinD2, MN20, a
cyclin subtype highly restricted to brain, is expressed in the
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proliferating EGL, but only during the transition between
the proliferating granule cells and assumption of their
mature neuronal phenotype.17,57 It has been suggested,
therefore, that the role of cyclinD2 may be to signal that
cells have reached their final division cycle before the
initiation of terminal differentiation.17

Loss of cyclinD1 or D2 separately (in knockout mice)
does not affect the mitogenic effects of shh, even though
shh causes increased expression of both genes.50 However,
cyclinD2 knockout mice, but not cyclinD1 knockout
mice, do have fewer granule cells than wild-type mice.50,58

In the cerebellum, the effect of cyclinD2 appears to be quite
specific to granule cells and stellate interneurons. Inter-
estingly, it appears that cyclinD2 is necessary for granule
cells to initiate differentiation. However, lack of cyclinD2
results in only a 50 per cent decrease in granule cell num-
bers, suggesting that there are subsets of granule cells 
as defined by their susceptibility to lack of cyclinD2. It is
noteworthy that alteration of Notch2/-HES1 signaling
also affects only a subset of granule cells, although this
may be due to the experimental methodology.33

The data described above demonstrate that certain
pathways and cell-cycle control elements are central to
determining whether granule cells divide or differentiate.
It is also clear that not all granule cells may behave the
same and that no one pathway is sufficient or necessary
for the proliferation of all granule cells. Hence, elucidating
the full complexity of these regulatory events is likely to
provide many clues and targets for research into the events
that cause such cells to behave abnormally in cerebellar
tumors.

TUMORS

Unsurprisingly, given the role for the shh/Patched pathway
in regulating granule cell proliferation described above,
the same pathway has been implicated in granule cell
tumors (reviewed by Taipale and Beachy,8 Scotting et al.,59

and Ingham60). In 1996, mutations in the Patched gene
were identified in patients suffering from Gorlin’s syn-
drome, a small percentage of whom develop both basal
cell carcinomas and medulloblastomas.61,62 Since then,
mutations have also been found in 5–12 per cent of
sporadic medulloblastomas.61,63–66 These data suggest
that loss of function of the Patched protein leads to a 

predisposition to develop medulloblastoma (and basal cell
carcinoma) and that such mutations are involved in the
etiology of a small proportion of these tumors. This propo-
sition is supported by the finding that mice in which one
copy of the Patched gene has disrupted also show a predis-
position to form such tumors.67 Thus, it seems that hav-
ing only one fully functional copy of the Patched gene is
sufficient to increase the probability of developing medul-
loblastoma. Although subsequent insults are necessary
for the tumors to form, it seems very probable that tumors
developing due to this initial genetic defect are likely to
have a characteristic phenotype.68 Given the many steps
involved in the Patched pathway, it seems likely that muta-
tions in other components of this pathway will be found
to be causative in additional cases of medulloblastoma.

While Patched-1 mutant mice do exhibit an increased
tendency to develop medulloblastoma, a more repro-
ducible model for this class of tumor comes from a sur-
prising route. Although there seems to be no association
between medulloblastoma and mutations of the Rb gene,
and only a weak association with p53 mutations,19–21

these two genes have provided a powerful model for
medulloblastoma. The study of Marino and colleauges19

showed that loss of function of both Rb and p53, but
neither alone, produced medulloblastoma in almost all
affected mice. Despite the fact that this clearly does not
directly reflect the normal etiology of such tumors in
humans, the tumors seen are remarkably similar to the
human tumor and have already provided strong evi-
dence in support of the EGL as the origin of the medul-
loblastoma. One possible link between the human tumor
and this model comes from the observation that cells
treated with shh exhibit inactivation (via hyperphospho-
rylation) of the Rb protein.50 Thus, Patched-1 mutations
may lead to tumor formation at least in part via inhibi-
tion of Rb function. Such a model is likely to provide a
system in which detailed molecular studies of the devel-
oping tumors can be dissected.

The Wnt signaling pathway (reviewed by Ho et al.6)
has also been implicated directly in medulloblastomas.
Mutations in the APC gene, a key intermediate in this
pathway, are a common event in Turcot’s syndrome. This
disorder is characterized by the occurrence of brain
tumors and colorectal adenomas, with mutations in sev-
eral different genes implicated in its etiology. In a large
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Figure 4a.5 The sonic hedgehog/Patched signaling pathway. This pathway affects the transcription of several genes via activation of
the Gli family of transcription factors. Target genes include N-Myc and Gli-1 and Patched themselves. In the absence of sonic
hedgehog (shh), the pathway is inactive. This is due to the ability of the Patched protein to inhibit the Smoothened protein. Lack of
activity of smoothened results in Gli-1 being sequestered to the cytoplasmic complex containing Fused and Costal-2. If shh binds to its
receptor Patched, then the repression of Smoothened is relieved and Smoothened triggers the release of Gli-1, which translocates to
the nucleus and activates expression of its target genes.

Additional levels of control of the pathway are possible through HIP, which inhibits shh, Su(fu), which inhibits Gli, and antagonists of
Gli target genes such as Zic2.



study, medulloblastomas were found in 11 of 14 Turcot’s
syndrome patients with mutated APC genes.69 Turcot’s
syndrome patients with other genetic bases developed
glioblastoma multiformae.69 Mutations in the APC gene
(four per cent),70 the �-catenin gene (8–15 per cent) (an
effector of the Wnt pathway), and other components of
the Wnt signaling pathway have also been identified in
sporadic medulloblastomas cases.71–74 This is strong evi-
dence, therefore, for a role of the Wnt pathway in medul-
loblastoma etiology. In embryonic development, Wnts (of
which there are more than ten members) are involved in a
diverse range of processes in many tissues. In the nervous
system, they appear to be involved in the initial formation
of the neural ectoderm (as described above) and brain
patterning (including regulation of proliferation of many
cells of the hippocampus).75 In the cerebellum, Wnts have
been implicated in the postnatal development of Purkinje
cells and granule cells,76 but little is known of their role in
decisions regarding granule cell maturation.

As is clear from several examples described above,
the use of developmental systems to study the biology
of processes shown to be involved in tumor etiology has
proven to be very informative. The case of the shh/Patched
pathway is a good example of this. However, once identi-
fied as a pathway active in both developmental and onco-
genic processes, developmental systems may again provide
the ideal situation in which to study these processes. In
particular, when one component of a pathway has been
implicated in the etiology of a cancer, then understand-
ing the other components of that pathway allows each
step to be analyzed independently as additional onco-
genic candidates. It is also becoming increasingly clear
that multiple pathways are utilized in regulating the critical
steps from proliferation to differentiation. Understanding
these relationships is also likely to provide clues to the
multiple oncogenic events necessary to lead to a fully
transformed cancer cell. Once again, the role of the shh
pathway in medulloblastoma provides an illustration of
this phenomenon.77 The recent study of Patched mutant
mice shows that there appear to be two stages of tumor
development even after loss of one Patched allele, such
that only 50 per cent of mice develop abnormal growths
in their cerebellum and only 14 per cent develop full-blown
medulloblastomas. Such studies provide the exciting pos-
sibility of identifying the second and third events needed
for full tumor development.

RECENT ADVANCES IN MOLECULAR
ANALYSIS

The completion of the human genome sequence and 
the advent of new genome-wide technologies provide the
means to massively expand analysis of tumors and normal

developmental processes. In particular microarrays 
allow the transcriptosome (the complete set of expressed
genes) of any cell population to be determined. Thus, the
genes expressed by tumors and embryonic cells can be
compared. This should allow the relationship between the
tumors and their normal developmental counterparts to
be determined more precisely. This technology will also
allow researchers to determine exactly which genes are
turned on and off by the transcription factors that regu-
late the switch between proliferation and differentiation.
It is now possible, therefore, to describe tumors in terms
of large, objective sets of the genes they express. One of
the first examples of this demonstrates the amazing power
of this approach: Pomeroy and colleagues68 used microar-
rays to compare a range of CNS tumors according to
their gene expression. Using a chip carrying just under
7000 genes, they analyzed 99 tumors comparing different
classes (medulloblastoma, other PNETs, glioma, rhabdoid
and normal cerebellum). This analysis identified specific
groups of genes, the expression of which could be used as
an objective basis on which to classify the type and sub-
types of tumor (classical medulloblastoma versus desmo-
plastic). Possibly the most striking result was the ability
to define a small subset of genes (as few as eight) that
could be used to predict good and poor response to ther-
apy with a relatively high level of confidence. The most
obvious use of these results, in which only about a fifth of
the total gene pool has been studied, is to provide new
criteria with which to classify tumors in order to better
allocate patients to specific treatment. However, this huge
increase in knowledge of the genes expressed in different
circumstances also provides a dataset that can now be
compared with the genes expressed when tumor cells or
their normal counterparts are manipulated experimentally.
Thus, the steps in tumor development can be analyzed
sequentially in order to determine how such tumors have
finally acquired the gene expression profiles that Pomeroy
and colleagues describe. It is to be hoped that such detailed
understanding might finally provide more directed
approaches to the design of new therapies.
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INTRODUCTION

Over the past 30 years, progress in molecular biology and
genetics has yielded an enormous amount of informa-
tion on the genes involved in nervous system develop-
ment and the development of various types of brain
tumors. Cancer research has generated a rich and com-
plex body of knowledge, revealing cancer to be a disease
involving dynamic changes in the genome. In the near
future, new high-throughput technologies, including DNA
chip technology, tissue microarrays, and proteomics, will
bring further knowledge but also increase the difficulty
of keeping track of an increasing bank of data that is
already dauntingly complex.

However, the complexities of the disease described in
the laboratory and clinic will become understandable in
terms of a small number of underlying principles.1 Impor-
tant acquired capacities of cancer include self-sufficiency
in growth signals, insensitivity to antigrowth signals, avoid-
ance of apoptosis, sustained angiogenesis, tissue invasion
and metastasis, and unlimited replicative potential. In this
chapter, the molecular genetic events and the biological
consequences associated with these tumor-related pheno-
types are discussed in relation to pediatric brain tumors.

SELF-SUFFICIENCY IN GROWTH SIGNALS

Cellular proliferation and increased mitotic activity are
general hallmarks of most malignant tumors, and their

quantification by flow cytometry, mitotic counting, or
immunohistochemical analysis of proliferation-related
antigens (e.g. Ki-67 (MIB-1)) is a valuable source of diag-
nostic and prognostic information for a number of human
tumors.2,3 For brain tumors, the following generalizations
can be made: the Ki-67 (MIB-1) proliferation index has
been shown to correlate with the histological grade in
gliomas4–6 and with survival outcome in subgroups such as
pilocytic astrocytomas7 and WHO grade II gliomas.8 In
ependymoma9 and medulloblastoma,10 the Ki-67 (MIB-1)
proliferation index correlates with survival outcome.

Normal cells require mitogenic growth signals before
they can move from a quiescent state into an active pro-
liferative state. These signals are transduced into the cell
by transmembrane receptors that bind soluble growth
factors, extracellular matrix components, and cell–cell
adhesion/interaction molecules.1 Dependence on growth
signaling is apparent when normal cells are propagated
in culture. These cells typically proliferate only when
supplied with appropriate diffusible mitogenic factors
and a proper substratum for their integrins. Such behav-
ior contrasts strongly with that of tumor cells, which
invariably show a greatly reduced dependence on exo-
genous growth stimulation.

Common molecular strategies for achieving growth-
signaling autonomy include (i) alteration of extracellular
growth signals, (ii) alteration of transcellular transducers
of those signals, and (iii) alterations in the intracellular
circuits that translate those signals into action.11 Many
cancer cells acquire the ability to synthesize soluble growth
factors to which they themselves respond, resulting in
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autocrine/paracrine stimulation.12 This is illustrated by
the production of platelet-derived growth factor (PDGF)
in medulloblastoma,13,14 ependymoma,13 and gliomas;12

tumor growth factor alpha (TGF-�) in gliomas;15 and
insulin-like growth factor I (IGF-I) in medulloblastoma16

and glioma.17

The transmembrane receptors that transduce growth-
stimulatory signals into the cell interior are themselves
targets of deregulation during tumor pathogenesis. Growth
factor receptors, often carrying tyrosine kinase activities
in their cytoplasmic domains, are overexpressed in many
cancers. Growth factor receptor overexpression may allow
the cancer cell to become hyperresponsive to ambient
levels of growth factor that normally would not trigger
proliferation. For example, the epidermal growth factor
receptor (EGFR) is amplified/overexpressed in more than
a third of adult glioblastomas but not in lower-grade
tumors, and the platelet-derived growth factor receptor
(PDGF-R) is overexpressed in glial tumors and menin-
giomas.18,19 In medulloblastoma, elevated expression of
the EGFR family members ErbB2 and ErbB4 was found
to correlate with high mitotic index, advanced metastatic
stage, and reduced survival.20 In addition, structural
alterations of growth factor receptors can elicit ligand-
independent signaling. For example, truncated versions
of the EGFR lacking much of the cytoplasmic domain are
constitutively active.21

Cancer cells can also switch the types of extracellular
matrix (ECM) receptors (integrins) they express, favor-
ing those that transmit pro-growth signals.22,23 Binding
to specific moieties of the ECM enables the integrin
receptors to transduce signals into the cytoplasm that influ-
ence cell behavior, switching from quiescence in normal
tissue to motility, and entry into the active cell cycle.

Both ligand-activated growth factor receptors and
pro-growth integrins bound to ECM components can
activate the SOS–Ras–Raf–MAP kinase pathway that
plays a central role as a downstream cytoplasmic cir-
cuitry, receiving and processing the signals emitted by
ligand-activated growth factor receptors and integrins.23,24

Components of the SOS–Ras–Raf–MAP kinase cascade
can be altered in several ways. In about 25 per cent of
human tumors, Ras proteins are present in structurally
altered forms that enable them to release a flux of mito-
genic signals into cells, in the absence of ongoing stimu-
lation by their normal upstream regulators.25 In brain
tumors, the incidence of Ras oncogenes mutations is
lower,26–28 and amplification of Ras oncogenes is also
uncommon.29 However, overexpression of Ras relative to
histological grade has been noted in gliomas.30 In addi-
tion, expression profiling of medulloblastoma showed
upregulation of members of the downstream Ras-MAP
kinase signal transduction pathway in metastatic tumors.31

New downstream effector pathways that radiate from the
central SOS–Ras–Raf–MAP kinase mitogenic cascade are

being elucidated.32,33 A variety of cross-talking connec-
tions also links this cascade with other pathways; these
connections enable extracellular signals to elicit multiple
cell biological effects. For example, the direct interaction
of the Ras protein with the survival-promoting phos-
phatidylinositol-3 (PI-3) kinase enables growth signals
to evoke survival signals concurrently within the cell.34

The neurofibromatoses types 1 and 2 (NF-1 and NF-2,
respectively) are cancer-predisposition syndromes in which
patients are prone to development of mostly benign but
occasionally malignant tumors. Clinical NF-1 can result
from a variety of inactivating mutations in the tumor
suppressor gene NF-1.35 The neurofibromatosis NF-1
gene product, a protein called neurofibromin, is expressed
in neurons, oligodendrocytes, and Schwann cells. Sequence
analysis of neurofibromin has revealed a region of
homology with p120-GAP, the GTPase-activating pro-
tein (GAP) for the Ras family of proto-oncogenes. The
inactivation of Ras by neurofibromin GAP activity leads
to regulated cell growth. However, loss of neurofibromin
in tumors as a result of NF-1 gene inactivation leads to
increased Ras activity and increased cell growth. The
neurofibromatosis NF-2 tumor suppressor gene is mutated
in patients with clinical NF-2. The protein product of
NF-2 – termed merlin or schwannomin – is also a negative
growth regulator.35 However, unlike neurofibromin, it
remains to be elucidated how merlin regulates cell growth.

In normal tissue, cells receive growth instructions pre-
dominantly from their neighbors (paracrine signals) or via
systemic (endocrine) signals. Cell–cell growth signaling is
likely to operate in the vast majority of human tumors as
well; virtually all brain tumors are composed of several dis-
tinct cell types that appear to communicate via heterotypic
signaling.15 Heterotypic signaling between the diverse cell
types within a tumor may ultimately prove to be as impor-
tant in explaining tumor cell proliferation as the cancer cell
autonomous mechanisms enumerated above.1

INSENSITIVITY TO ANTIGROWTH SIGNALS

Normal cells possess a series of checks and balances to
control proliferation.36 Growth factor receptor interac-
tions activate cytoplasmic intermediates, which transduce
the signal into the nucleus, where the decision to divide is
regulated by positive effectors and negative regulators.
The positive effectors include the cyclin-dependent kinase
(CDK)–cyclin complexes,37,38 the proto-oncogenes murine
double minute 2 (MDM2), and the paired box gene 5
(PAX5). MDM2 interacts with the tumor suppressor p53,
resulting in a reduction in p53 protein levels through
enhanced proteosome-dependent degradation.39 The
transforming capability of MDM2 was demonstrated by
its overexpression in neonatal rat astrocytes.40 In a study
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examining the correlation between p53 mutations and
MDM2 overexpression, none of the MDM2-amplified
glioblastomas had p53 mutations, supporting the hypoth-
esis that MDM2 overexpression is an alternative mecha-
nism for p53 inactivation.41 While MDM2 amplification
and overexpression are reported to be present in a sub-
stantial proportion of glioblastomas,19 ependymomas,42

and intracranial germ-cell tumors,43 they are relatively
uncommon in medulloblastoma.44

PAX5 represses the transcriptional activation of the
p53 gene.45 Thus, overexpression of the PAX5 gene could
eliminate the p53 signal, thereby promoting tumor initi-
ation or progression. Indeed, increased expression of
PAX5 has been found to correlate with increased malig-
nancy in astrocytomas.46 In medulloblastoma, upregulated
expression of PAX5 correlates positively with cell prolif-
eration,47 but overexpression of PAX5 is not sufficient for
neoplastic transformation of mouse neuroectoderm.47,48

The negative regulators include the CDK inhibitors
p16, p15, and p21 and the tumor suppressors retinoblas-
toma (Rb) and p53. p16 and the neighboring gene p15
are inactivated by homozygous deletion in diffuse astro-
cytic tumors, but not in medulloblastomas or ependy-
momas.49,50 In high-grade gliomas, Ki-67 proliferation
indices are significantly higher in tumors with p16 dele-
tions than in those without deletions, underscoring the
importance of p16 in cell-cycle control.51

Antigrowth signals can block proliferation by two dis-
tinct mechanisms. Cells may be forced out of the active
proliferative cycle into the quiescent (G0) state, from
which they may re-emerge at some future point when
extracellular signals permit. Alternatively, cells may be
induced to relinquish their proliferative potential perma-
nently by entering into post-mitotic states usually associ-
ated with terminal differentiation.

Many of the antiproliferative signals are channeled
through the Rb and p53 pathways.52,53 Hypophosphory-
lated Rb protein blocks proliferation by sequestering and
modifying the E2F transcription factors that regulate the
expression of genes essential for G1 to S transition.53 If
Rb is phosphorylated by CDK4, then E2Fs are released
and proliferation is allowed. CDK4 is inhibited by
p16INK4A. Therefore, loss of function mutations in Rb
or p16INK4A, or amplification/overexpression of CDK4,
allows uncontrolled cell growth.54 In fact, alterations of
all these genes occur in astrocytoma.55 Interestingly,
somatic inactivation of Rb in cells of the external granu-
lar layer of the cerebellum of p53-null mutant mice
resulted in the development of medulloblastomas.56

For cells to proliferate, however, they must do more
than simply escape cytostatic antigrowth signals. Tissues
also block cell multiplication by instructing cells to enter
post-mitotic, differentiated states; this differentiation is
irreversible. Tumor cells have a range of strategies through
which they avoid terminal differentiation. For example,

during normal development, the growth-stimulating
action of the MYC (c-myc) oncogene, which encodes a
transcription factor that associates with Max, can be
replaced as alternative complexes of Max form with a
group of Mad transcription factors. The Mad–Max com-
plexes elicit differentiation-inducing signals.57 However,
overexpression of the MYC oncoprotein can reverse this
process, shifting the balance back to favor MYC–Max
complexes, thereby impairing differentiation and promot-
ing growth.

MYC gene amplification is rare in medulloblastoma,
with an incidence of about eight per cent in primary
tumors.29,58–61 The incidence of MYC gene amplification
in medulloblastoma cell lines and xenografts is higher,
suggesting that MYC gene amplification correlates with
cell-line establishment and tumorigenicity.62,63 MYC gene
amplification has been suggested as an indicator of poor
prognosis in case reports64–66 and in a study of 29 medul-
loblastoma patients.60 MYC mRNA expression varies
widely and does not correlate with the presence of MYC
gene amplification in primitive neuroectodermal tumor
(PNET) cell lines or primary medulloblastomas.67,68

Mechanisms to activate MYC other than gene amplifica-
tion are well recognized in a variety of solid tumors.
In PNET, transcriptional regulation of MYC may involve
the adenomatous polyposis coli (APC) or �-catenin
(CTNNB1) pathways.69–73 In a recent study, we found that
high levels of MYC mRNA expression correlated strongly,
and independently of any clinical factors, with an unfa-
vorable survival outcome in medulloblastoma patients.67

EVASION OF APOPTOSIS

The ability of tumor cell populations to increase in num-
ber is determined not only by the rate of cell proliferation
but also by the rate of cell death. Programmed cell death –
apoptosis – represents a major source of cell death. The
apoptotic program is present in latent form in virtually
all cell types throughout the body. Once triggered by a
variety of physiological signals, this program unfolds in a
precisely choreographed series of steps. Several morpho-
logical features of apoptotic cells distinguish them from
cells that die in response to trauma or hypoxia.74 Necrotic
cell death is characterized by cell swelling and gross dis-
ruption of organelles and the cell membrane. In contrast,
apoptotic cell death is characterized by cell contraction,
blebbing of the cytoplasmic membrane, dense condensa-
tion of the nucleus, and autodigestion of the genome into
180–200-base-pair (bp) fragments, a size that corresponds
to multiples of the amount of DNA found in individual
nucleosomes (Figure 4b.1). Characteristically, apoptotic
cells will neither injure neighboring cells nor elicit any
inflammatory reaction.75
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Methods of detecting apoptosis-associated DNA frag-
mentation include gel-based DNA fragmentation assays
and in situ end-labeling assays, which use enzymes such
as DNA polymerase and terminal deoxynucleotidyl trans-
ferase (Tdt) (terminal UTP nick-end labeling, TUNEL)
to insert labeled nucleotides at the 3�-hydroxyl terminal
of endonuclease-induced DNA breaks.76

In central nervous system (CNS) tumors, the abun-
dance of apoptotic neoplastic cells has been reported to
correlate with the histological grade of malignancy and
clinical outcome in oligodendrogliomas and astrocy-
tomas.77,78 In medulloblastoma, spontaneous apoptosis
shows large inter- and intratumoral variability in primary
tumors.79–81 In one study of 43 medulloblastoma patients,
the apoptotic index was suggested as a prognostic factor.82

In contrast, we found no correlation of apoptotic index
and survival outcome probabilities in 78 PNET patients.83

The apoptotic machinery can be divided broadly into
sensors and effectors. The sensors are responsible for
monitoring the extra- and intracellular environments for
conditions of normality or abnormality that influence
whether a cell should live or die. The sensors include 
cell-surface receptors that bind survival or death factors.
An example of these ligand/receptor pairs is the survival
signals conveyed by IGF-I through its receptor IGF-IR.84

Death signals are conveyed by the Fas ligand (CD95) bind-
ing the Fas receptor, tumor necrosis factor (TNF) alpha
binding TNF-R1, and TNF-related apoptosis-inducing
ligand (TRAIL) binding DR4 and DR5.85–87 An intracel-
lular region called the death domain, which is required
for the transmission of the apoptotic signal, characterizes
these death receptors.88

Intracellular sensors activate the death pathway when
abnormalities are detected, such as DNA damage, signal-
ing imbalance provoked by oncogene action, survival fac-
tor insufficiency, and hypoxia.89 Many of the signals that
elicit apoptosis converge on the mitochondria, which
respond to pro-apoptotic signals by releasing cytochrome
C, a potent catalyst of apoptosis.90 Members of the 
Bcl-2 family of proteins, whose members have either pro-
apoptotic (Bax, Bak, Bid, Bim) or anti-apoptotic (Bcl-2,
Bcl-XL, Bcl-W) function, act in part by governing mito-
chondrial death signaling through cytochrome C release.
Brain tumor types in which expression of proteins of the
Bcl-2 family have been studied include glioma,91 medul-
loblastoma,92 ganglioglioma,93 and dysembryoplastic
neuroepithelial tumors (DNTs).94 The p53 tumor sup-
pressor protein can elicit apoptosis by upregulating
expression of pro-apoptotic Bax in response to sensing
DNA damage; Bax in turn stimulates mitochondria to
release cytochrome C.

The ultimate effectors of apoptosis include an array of
intracellular proteinases termed caspases.95 Two initiator
caspases, 8 and 9, are activated by death receptors and by
cytochrome C released from mitochondria, respectively.
These proximal caspases trigger the activation of effector
caspases that execute the death program through selec-
tive destruction of subcellular structures and organelles
and of the genome.

Resistance to apoptosis can be acquired by cancer cells
through a variety of strategies. The most commonly occur-
ring loss of a pro-apoptotic regulator through mutation
involves the p53 tumor suppressor gene. Mutational 
frequencies are high in adult anaplastic astrocytoma 
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Figure 4b.1 Schematic representation of apoptosis and necrosis. Necrosis is characterized by cell swelling and gross disruption of
organelles and the cell membrane, whereas apoptosis is associated with cell contraction, dense condensation of the nucleus, 
and the ultimate formation of apoptotic bodies.



(67 per cent) and glioblastoma multiforme (41 per cent)
but much lower in oligodendroglioma (13 per cent),
medulloblastoma (11 per cent), and pilocytic astro-
cytoma (less than 5 per cent), and virtually absent in other
CNS tumors.96 Early studies on pilocytic and malignant
astrocytomas in children suggested that p53 mutations
were rare; however, more recent series have found fre-
quent p53 mutations in children with these tumors.54

The resulting functional inactivation of the p53 protein
removes a key component of the DNA damage sensor
that can induce the apoptotic effector cascade.97 Signals
evoked by other abnormalities, including hypoxia and
oncogene overexpression, are also funneled in part via
p53 to the apoptotic machinery; these too are less able to
elicit apoptosis when p53 function is lost.98 Additionally,
the Akt pathway is likely to be involved in inhibiting
apoptosis in malignant glioma.98 This survival signaling
circuit can be activated by extracellular signals such as
IGF-I,88 by intracellular signals from Ras,99,100 and by
loss of the pTEN tumor suppressor.101

Resistance to apoptosis induced by death receptors is
mediated by downregulation of death receptors, pres-
ence of decoy receptors, or loss of downstream signaling
elements. A mechanism for abrogating the Fas death sig-
nal has been revealed in glioblastoma: DcR3, a non-
signaling decoy receptor for Fas ligand, is upregulated,
titrating the death-inducing signal away from the Fas
death receptor.102 In medulloblastoma, loss of caspase-8
has been identified as a mechanism for inhibiting the
TRAIL death pathway.103,104

Another way of mediating resistance to apoptosis in
PNET may involve downregulation of the neurotrophin
receptor TrkC. Although the role of neurotrophins in the
induction and progression of tumors remains speculative,
it is conceivable that at least some PNETs may respond to
endogenous neurotrophins. PNETs with high TrkC
mRNA expression have been found to have high apop-
totic indices (unpublished data). This finding is consis-
tent with that of Kim and colleagues,105 who reported
that TrkC activation induces apoptosis in DAOY human
PNET cells. They also found that overexpression of TrkC
inhibits the growth of intracerebral DAOY xenografts
and that the rate of apoptosis is increased significantly in
these xenografts compared with DAOY wild-type
xenografts. Therefore, PNET cells with low expression of
functional TrkC may be less susceptible to programmed
cell death. This might be one explanation for the prog-
nostic significance of TrkC in PNETs.105–107

Most regulatory and effector components of the
apoptotic signaling circuitry are present in redundant form.
This redundancy has important implications for the devel-
opment of novel types of anti-tumor therapy, since tumor
cells that have lost pro-apoptotic components are likely
to retain other, similar ones. New high-throughput tech-
nologies will be able to reveal the apoptotic pathways still

operative in specific types of brain tumors, and we antic-
ipate that new drugs will enable the apoptotic mecha-
nism to be restored, with substantial therapeutic benefit.

SUSTAINED ANGIOGENESIS

The microvessel density (MVD) of many brain tumors is
high, and it has been recognized that glioblastomas are
among the best vascularized human tumors.55,108 While
the vasculature of low-grade gliomas closely resembles
that of normal brain, malignant gliomas show promi-
nent microvascular proliferation. Moreover, a correla-
tion of MVD with survival outcome has been reported
for gliomas.109 In childhood medulloblastoma, MVD has
been found to show substantial intertumoral variability,
with ranges of MVD values comparable to those observed
in adult malignant glioma.92,110,111

Angiogenesis, the formation of new blood vessels from
existing vasculature, is a tightly regulated process.112,113

Counterbalancing positive and negative signals enhan-
ces or blocks angiogenesis. Endothelial cell activation,
proliferation, migration, and tissue infiltration from pre-
existing blood vessels are triggered by specific angiogenic
growth factors produced by tumor cells and the sur-
rounding stroma.114–116 Angiogenic growth factors include
vascular endothelial growth factor (VEGF), basic fibro-
blast growth factor (bFGF), angiopoetin-1 and -2, trans-
forming growth factors, and PDGF.117,118 Endogenous
inhibitors of angiogenesis include thrombospondin-1,
platelet-derived factor 4, angiostatin, and endostatin.119

The ability to induce and sustain angiogenesis seems
to be acquired during tumor development via an angio-
genic switch from vascular quiescence. Tumors appear to
activate the angiogenic switch by changing the balance of
angiogenesis inducers and countervailing inhibitors.115

This can be accomplished by increasing the expression of
angiogenic factors or by the loss of their inhibitors
(Figure 4b.2).

Anaplastic astrocytoma and glioblastoma multiforme
often produce high levels of bFGF, TGF-�, angiopoetins,
and VEGF.120–125 Moreover, expression of VEGF mRNA
has been shown to correlate with vascularity in both
gliomas and meningiomas.126 Medulloblastomas produce
a wide range of angiogenic factors110 and show strong
immunoreactivity for VEGF and bFGF.126,127

VEGF has been recognized as one of the most potent
angiogenic factors for many solid tumor systems, including
malignant gliomas128–131 and medulloblastomas.14 The
VEGF receptors are endothelial-specific; although they
are expressed very rarely in endothelial cells of the normal
vasculature, they are overexpressed in the vascular supply
of neoplastic tissue. Hence, it has been proposed that the
inhibition of this factor may result in the inhibition of

Sustained angiogenesis 71



angiogenesis, and a number of agents have been devel-
oped to inhibit VEGF.132–134

Thrombospondin-1 is a potent angiogenesis inhibitor
expressed in normal brain tissue and low-grade astrocy-
tomas.135 Its expression is regulated by a gene on chro-
mosome 10, and it has been shown that returning
wild-type chromosome 10 to glioblastoma cell lines or
overexpression of thrombospondin-1 results in an anti-
angiogenic phenotype and inhibits tumor growth.135,136

Thus, the increased angiogenesis observed in high-grade
gliomas can be correlated with the loss of chromosome
10 and the resultant lack of thrombospondin-1. Addi-
tionally, aberrant promoter methylation of throm-
bospondin-1 has been documented in a third of primary
glioblastoma multiforme as an alternative way of silenc-
ing this important angiogenesis inhibitor.137

Clearly, both upregulation of angiogenic factors and
downregulation of angiogenic inhibitors may be linked in
some tumors.138,139 Another dimension of regulation is
emerging in the form of proteinases, which can control the
bioavailability of angiogenic activators and inhibitors.140

The ubiquitous expression of several angiogenesis stim-
ulators in brain tumors suggests that anti-angiogenesis
therapy may provide a novel strategy, especially against
highly vascularized tumors. In contrast to traditional can-
cer treatments that attack tumor cells directly, angiogenesis
inhibitors target the formation of tumor-feeding blood
vessels that provide supply of nutrients and oxygen.119

Tumor vasculature is morphologically abnormal, and 
various cell-surface and extracellular matrix (ECM) 
proteins can be used as markers to distinguish tumor ves-
sels from normal vasculature.141 Therefore, tumor blood 
vessels are prime targets for suppressing tumor growth
because they are distinct from normal resting vessels and

can be destroyed selectively without affecting normal ves-
sels significantly. With respect to brain tumor therapy,
inhibitors of angiogenesis display unique features, includ-
ing independence of the blood–brain barrier, cell-type
specificity, and reduced resistance.

TISSUE INVASION AND METASTASIS

The processes of invasion of host cellular and ECM bar-
riers and metastasis are related closely. Both use similar
operational strategies, changing the physical coupling of
cells to their microenvironment and activating extracel-
lular proteinases. For reasons that are poorly understood,
most primary brain tumors do not metastasize and
rarely disseminate through CSF (an exception is primi-
tive neuroectodermal tumors).142 However, they do
invade the surrounding normal brain. Individual glioma
cells can migrate more than 4–7 cm from the gross tumor
into the surrounding normal brain tissue.143,144 The
characteristic local invasiveness of gliomas contributes
substantially to the inability to achieve total resection by
surgery and often results in recurrences at the primary
site and at locations on the opposite side of the brain.145

Tumor cell invasion is a multistep process that involves
(i) adhesion of tumor cells to the ECM, (ii) proteolysis of
matrix barriers, and (iii) migration of tumor cells into
the newly created space. The ECM of the CNS consists of
the glial external limiting membrane (made of types I,
III, and IV collagen, fibronectin, laminin, and heparan
sulfate), the vascular basement membrane (made of
types IV and V collagen, laminin, entactin, fibronectin,
vitronectin, and heparan sulfate), and the amorphous
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Figure 4b.2 Schematic representation of tumor growth depending on angiogenesis, which results from a shift in the balance between
angiogenesis inhibitors and stimulators during tumor progression. (Modified from Folkman.184)



matrix of the brain parenchyma (consisting mainly of
glycosaminoglycans (GAGs)).145,146

Cell-matrix adhesion molecules at the cell surface
specifically recognize and bind the ECM components,
thereby mediating the ability of cells to adhere and
migrate. The integrins,147 as a class of cell-surface receptors
that bind to components of the ECM, and the hyaluronate
receptor CD44 both play major roles in glioma cell-matrix
adhesion.148–150 The majority of glioma cells appear to
migrate preferentially on laminin, tenascin, or fibronectin,
and to lesser degrees on collagen and vitronectin.151 PNETs
appear to be more restricted, with migration limited to
laminin, fibronectin, and type IV collagen.152 Tumor cells
can synthesize and deposit alternative ECM constituents,
such as tenascin, which is not present in normal brain.
Tenascin expression has been reported to correlate with
malignancy in gliomas and ependymoma, and with lepto-
meningeal dissemination in medulloblastoma.153–155

Tumor cell motility is enhanced further by the loss of
cell–cell contacts, which are modulated by cell–cell adhe-
sion proteins. The most important receptors for cell–cell
interaction are the cadherins, the selectins, and certain
members of the immunoglobulin superfamily, including
neural cell adhesion molecule (NCAM), intercellular cell
adhesion molecule (ICAM), and vascular cell adhesion
molecule (VCAM).148 The processes of adhesion and
migration require mediation by these receptors and the
proteinases involved.

In invasive tumors, proteinase genes are upregulated,
proteinase inhibitor genes are downregulated, and inac-
tive zymogen forms of proteinases are converted into active
enzymes. Matrix-degrading proteinases are characteristi-
cally associated with the cell surface, by containing a
transmembrane domain, by binding to specific proteinase
receptors, or by association with integrins.156,157 One
imagines that docking of active proteinases on the cell
surface can facilitate invasion by cancer cells into nearby
stroma, across blood vessel walls, and through nearby
normal cell layers. Nevertheless, it is difficult to ascribe
the functions of particular proteinases unambiguously to
this capability, given their evident roles in angiogenesis
and growth signaling, which in turn contribute directly
or indirectly to the invasive/metastatic ability.156,158

The matrix metalloproteinases (MMPs) are a family
of zinc-dependent proteinases that collectively are capable
of degrading essentially all the components of the extra-
cellular matrix.159,160 Because cells have receptors for
structural ECM components, cleavage of ECM proteins
by MMPs also affects cellular signaling and functions,
explaining why MMPs are involved not only in invasion
and metastasis but also in several steps of cancer devel-
opment. The human MMP gene family consists of more
than 21 structurally related members that fall into eight
classes, three of which are membrane-bound, according
to their primary structure and substrate specificity.
Although gliomas express other proteinases, MMPs seem

to be responsible for much of the degradation of a broad
range of ECM components. In particular, gliomas 
contain elevated levels of MMP-2, MMP-9, and MT1-
MMP compared with normal brain tissue.161 In medul-
loblastoma, MMP-9 protein is expressed by tumor and
endothelial cells.162 However, strong immunoreactivity
for MMP-9 in benign lesions such as neurinomas and
meningiomas,163 together with the lack of correlation
between MMP-9 expression and the regional prolifera-
tive activity, and the strong signal around endothelial
cells, has raised doubt about the direct proteolytic signif-
icance of MMP-9 in tissue degradation during tumor
progression and invasion. It has been proposed that
MMP-9 plays a role in the activation of VEGF during
angiogenesis164 and growth signaling.156,158

While it is clear that the activation of extracellular
proteinases and modified binding specificities of cad-
herins, cell adhesion molecules (CAMs), and integrins
are central to acquiring invasiveness, the regulatory circuits
and molecular mechanisms involved remain unclear.
Evolving analytical techniques should soon make it pos-
sible to construct comprehensive tumor-type specific
profiles of the expression and functional activities of pro-
teinases, integrins, and CAMs. In a pilot study, MacDonald
and colleagues31 derived expression profiles of 23 pri-
mary medulloblastomas clinically designated as either
metastatic or non-metastatic, and identified 85 genes
whose expression differed significantly between the two
groups. The challenge is now to apply the new molecular
insights about tissue invasiveness to the development of
effective therapeutic strategies.

UNLIMITED REPLICATIVE POTENTIAL

The proliferative ability of normal somatic cells is highly
restricted, with cells becoming senescent after a certain
number of division cycles. Cancer cells must therefore
overcome the normal mechanisms regulating cellular
senescence.165 Experimental data from cultured human
fibroblasts indicate that two checkpoints must be bypassed
before immortalization can occur: mortality stage 1 (M1)
and mortality stage 2 (M2).166 The M1 stage is considered
equivalent to normal cellular senescence. Oncogene acti-
vation or tumor suppressor gene inactivation may over-
come the M1 mechanism, endowing the cells with
additional proliferative capacity until the second inde-
pendent mechanism (M2) occurs. Only cells surviving M2

acquire the ability to proliferate indefinitely in vitro.167

Human telomeres consist of tandem hexametric
(TTAGGG)n repeats at the ends of chromosomes. Most
normal somatic cells lose approximately 50–100 bp of the
terminal telomeric repeat DNA with each cycle of cell
division. This shortening of telomeres is considered to be
the mitotic clock with which cells count their divisions,
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and very short telomeres are likely to induce the onset of
cellular senescence, M1, in somatic cells. Shortened telo-
meres have a dual effect: they initiate checkpoint signals
that provoke a cell-cycle arrest or trigger apoptosis, but
they can also cause chromosomal instability. Thus, whereas
the checkpoint signals protect against tumor formation,
increased genetic instability is likely to speed up the 
multistep tumorigenic process.167,168

Telomere maintenance is evident in virtually all types
of malignant cells: 85–90 per cent show upregulated
expression of the enzyme telomerase, which adds hexa-
nucleotide repeats on to the ends of telomeric DNA,169,170

while the remaining cells have invented a way of activat-
ing a mechanism, alternative lengthening of telomeres
(ALT), which appears to maintain telomeres through
recombination-based interchromosomal exchanges of
sequence information.171

Telomerase, or telomere terminal transferase, is a
ribonucleoprotein that catalyzes the de novo synthesis and
elongation of telomeric repeats at chromosomal ends by
using the RNA segment within its molecule as a tem-
plate.172,173 While functionally immortal germ-line cells
express telomerase and maintain adequate telomeric
repeats, most human somatic cells do not express telo-
merase. They fail to acquire telomerase activity in succes-
sive cultures and become senescent. In contrast, telomerase
activity has been detected in numerous cancer cells and tis-
sues.174 Brain tumors in which telomerase activity has been
detected include medulloblastoma, glioblastoma, anaplas-
tic astrocytoma, and oligodendroglioma.175–177 Increased
expression of the telomerase RNA component has been
found to be associated with increased cell proliferation 
in astrocytomas and ependymomas.178 Malignant brain
tumors have a higher positive rate of telomerase activity
than benign tumors.177 Moreover, telomerase activity in
meningiomas has been found to correlate with poor sur-
vival outcome, indicating that these apparently benign
tumors may contain a population of immortal cells.179 The
finding that at least 90 per cent of human tumors express
high levels of telomere activity, whereas most normal
somatic cells do not, makes telomerase activity a potentially
useful diagnostic marker as well as a therapeutic target.180

Signals other than shortening telomeres can trigger 
a senescent phenotype. These include Ras signaling, which
induces cell-cycle arrest in the presence of functional p53.
Reactivating p53 in tumor cells – for example by the use of
small molecules that have been shown to “normalize”
mutant p53 activity181 – might therefore be a therapeutic
route to the induction of senescence in tumor cells.

SUMMARY

Important acquired capacities of malignant brain tumors
include self-sufficiency in growth signals, insensitivity to

antigrowth signals, avoidance of apoptosis, sustained
angiogenesis, tissue invasion, and unlimited replication
potential. These hallmark abilities may be acquired at
different times during tumor progression. Any given
cancer type may show alterations of particular target
genes in only a subset of otherwise histologically identi-
cal tumors. Moreover, alterations of target genes may
occur at an early stage of some tumor progression path-
ways and later in others.

Much of the information that we currently have about
the molecular processes of carcinogenesis has been
obtained from cancer cells propagated in culture and
then dissected into their molecular components. Yet by
reducing cancer to a cell-autonomous process intrinsic
to the cancer cell, experimental models like these ignore 
a central biological reality of tumor formation in vivo:
cancer development is also dependent on changes in the
heterotypic interactions between tumor cells and their
normal neighbors.1 The interactions between cancer
cells and their macro- and microenvironments create a
context that promotes tumor growth and change as
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Figure 4b.3 Cancer cannot be reduced to a cell-autonomous
process intrinsic to the cancer cell (a). It is a complex process in
which cancer cells conscript and subvert normal cells to serve as
active collaborators in tumor growth (b).



malignancy progresses (Figure 4b.3).182 Looking at can-
cer cell biology in this way has begun to change profoundly
how we study this disease experimentally. A continuing
understanding of cancer pathogenesis will increasingly
require heterotypic organ culture systems in vitro and
ever more refined animal models in vivo.183

Dramatic advances in the understanding of normal
and malignant cell biology combined with better in vitro
and in vivo models and the use of novel high-throughput
technologies will elucidate significant circuitries of pedi-
atric brain tumors in the next decade. This will lead to
the development of new drugs that are directed at spe-
cific differences between host and tumor.
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Brain tumors in the pediatric age group represent a com-
plex and heterogeneous group of lesions with variable
biological behavior. Although neoplasms similar to those
in adults can be observed, some specific clinicopathological
entities occur predominantly or exclusively in children.

Different classification schemes have been used for
primary central nervous system (CNS) tumors in the
past. The revised World Health Organization (WHO)
classification system for nervous-system tumors repre-
sents a major advance in the diagnosis of brain tumors.1

The classification of brain tumors still relies predomi-
nantly on light-microscopic findings, but immunohisto-
chemical and molecular genetics findings have been
included as an integral part of the definition of tumor
categories. This chapter will follow the WHO guidelines
to illustrate the distinct tumor entities in pediatric neuro-
oncology (Table 5.1). Neoplasms that occur almost exclu-
sively in adulthood, such as meningeal mesenchymal
tumors and lymphomas, will not be discussed.

EMBRYONAL NEOPLASMS

Embryonal tumors represent a large and important por-
tion of CNS tumors in children. They arise from transfor-
mation of undifferentiated and immature neuroepithelial
cells with divergent capacities for differentiation. The
current classification scheme recognizes five tumor enti-
ties that can be assigned to this group. Three entities –
ependymoblastoma, medulloblastoma, and supratentorial

primitive neuroectodermal tumors (PNETs) – have the
generic histological features of small round-cell tumors
with a variable potential for differentiation. Two other
entities – medulloepithelioma and atypical teratoid/
rhabdoid tumor (AT/RT) – exhibit distinct histological
features.

Supratentorial primitive neuroectodermal
tumors

The term “supratentorial PNET” describes highly malig-
nant embryonal tumors of the cerebral hemispheres that
manifest preferentially in children and may differentiate
along various neural lineages. Most frequently, these
tumors show neuronal and glial differentiation. When
advanced neuronal differentiation is present, the terms
“cerebral neuroblastoma” and/or “ganglioneuroblastoma”
are used.2 In contrast to medulloblastomas, few studies are
available on the cytogenetic and molecular genetic find-
ings in supratentorial PNET. Non-random cytogenetic
gains and losses have been reported in two series for a
total of 18 cases.3,4 Germ-line mutations of TP53 have
been demonstrated in hemispheric PNET occurring in
two siblings.5

Ependymoblastoma

Ependymoblastoma is a rare tumor that usually presents in
young children and occurs preferentially in the cerebral
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hemispheres. Its histological appearance is characterized
by solidly packed, darkly staining primitive cells forming
stratified ependymoblastic rosettes and tubules. These
rosettes are commonly pseudostratified with juxtalumi-
nal mitoses. Unlike anaplastic ependymomas, these tumors
are composed of relatively uniform, poorly differentiated
cells without significant pleomorphism. So far, no signif-
icant molecular genetic findings have been reported.6

An unusual embryonal CNS neoplasm with combined
features of both cerebral neuroblastoma and ependy-
moblastoma has been reported.7

Medulloblastoma

Medulloblastoma is the most frequent malignant CNS
neoplasm in children. It occurs in the cerebellum. At least
75% of childhood medulloblastomas arise in the vermis
and extend into the fourth ventricle. Several histological
variants are recognized.8 Classic medulloblastoma is
composed of densely packed cells with round to oval or 
carrot-shaped, highly hyperchromatic nuclei surrounded
by scanty cytoplasm (Plate 1). However, round cells with
less condensed chromatin are frequently intermingled,

Table 5.1 World Health Organization grading of central nervous system tumors

Tumor family Tumor entity Grade I Grade II Grade III Grade IV

Astrocytomas Pilocytic astrocytoma •
Diffuse astrocytoma •
Anaplastic astrocytoma •
Glioblastoma •

Oligodendrogliomas Oligodendroglioma •
Anaplastic oligodendroglioma •

Mixed gliomas Oligoastrocytoma •
Anaplastic oligoastrocytoma •

Ependymomas Myxopapillary ependymoma •
Subependymoma •
Ependymoma •
Anaplastic ependymoma •

Choroid plexus tumors Plexus papilloma •
Plexus carcinoma •

Glioneuronal/neuronal tumors Ganglioglioma • •
DNT •
Central neurocytoma •
Cerebellar liponeurocytoma • •

Pineal neoplasms Pineocytoma •
Pineoblastoma •
Pineal parenchymal tumor of •
intermediate differentiation

Embryonal tumors Medulloblastoma •
AT/RT •
Supratentorial PNET •
Neuroblastoma •
Ependymoblastoma •

Tumors of peripheral nerves Schwannoma •
Neurofibroma •
MPNST • •

Tumors of the meninges Meningioma •
Atypical meningioma •
Clear-cell meningioma •
Chordoid meningioma •
Anaplastic meningioma •
Papillary meningioma •
Rhabdoid meningioma •
Hemangiopericytoma • •

AT/RT, atypical teratoid/rhabdoid tumor; DNT, dysembryoplastic neuroepithelial tumor; MPNST, malignant peripheral nerve sheath tumors;
PNET, primitive neuroectodermal tumor.



and occasionally they form the main population.
Neuroblastic rosettes, which consist of tumor-cell nuclei
arranged in a circular fashion around tangled cytoplas-
mic processes, are observed in less than 40% of cases.
Occasionally, ganglion cells are seen. Neuroblastic rosettes
are frequently associated with marked nuclear poly-
morphism and high mitotic activity. Although usually
numerous, in approximately 25 per cent of cases, mitoses
are infrequent. Apoptosis is frequent, whereas geographic
areas of necrosis are less common. Pseudopalisading may
be observed.

Desmoplastic/nodular medulloblastoma shows nodular,
reticulin-free zones (“pale islands”) surrounded by densely
packed, highly proliferative cells that produce a dense
intercellular reticulin fiber network (Plate 1). The nod-
ules exhibit reduced cellularity, a fibrillary matrix, and
marked nuclear uniformity. The nuclei of cells between
nodules are usually more irregular and hyperchromatic.
Medulloblastomas showing only an increased amount of
collagenous and reticulin fibers without the nodular pat-
tern are not classified as desmoplastic/nodular variant.

Medulloblastomas with extreme nodularity, intran-
odular nuclear uniformity, and cell streaming in a fine
fibrillary background are also denominated as cerebellar
neuroblastoma.9 The intranodular round cells resemble
the neurocytes of central neurocytoma. These neoplasms
occur predominantly in children under three years of age.
Their extreme nodularity is appreciable by neuroimaging
as a nodular, grape-like appearance. Neoplasms of this
type occasionally undergo maturation to more differen-
tiated ganglion cell tumors and carry a better prognosis.

The large-cell/anaplastic variant represents approxi-
mately four per cent of medulloblastomas. It is composed
of cells with large, round, and/or pleomorphic nuclei with
prominent nucleoli. Large areas of necrosis, high mitotic
activity, and high apoptotic rate are common findings.10–12

Very rare variants are the medullomyoblastoma12,13

and the melanotic medulloblastoma.14 The former con-
tains neoplastic cells with skeletal muscle differentiation,
while the latter shows melanin-containing pigmented cells.

The most common specific chromosomal abnormal-
ity in medulloblastomas, present in about 50 per cent of
cases, is isochromosome 17q [i(17q)]. Isochromosome
17q has been demonstrated in interphase nuclei using
fluorescence in situ hybridization (FISH). Although
i(17q) accounts for 17p loss in most medulloblastomas,
in a small number of cases partial or complete loss of 17p
occurs through interstitial deletion, unbalanced translo-
cation, or monosomy 17.4,15

Chromosome 1 is also involved frequently in medul-
loblastoma. The types of abnormality are variable, includ-
ing unbalanced translocations, deletions, and duplications.
In contrast to the chromosome 17 defects, rearrangements
of chromosome 1 often result in trisomy 1q without loss
of the p-arm.4

Studies using comparative genomic hybridization
(CGH) have demonstrated a greater degree of genomic
imbalance in medulloblastoma than recognized previ-
ously. Among other non-random changes, the most 
frequently observed were losses on chromosomes 10q
(41 per cent) and 11 (41 per cent), and gain of chromo-
some 7 (44 per cent).16

In most samples of medulloblastoma with double min-
utes, amplification of c-myc or, less often, the N-myc gene
has been found. The true incidence of myc gene amplifi-
cation is difficult to determine in these tumors because
the observed incidence differs according to the method
of analysis. However, a recent analysis by CGH suggested
that it may be as high as 20 per cent. Interestingly, the
large-cell/anaplastic variant shows a high incidence of
c-myc amplification.11,12

Studies for loss of heterozygosity (LOH) by both
restriction fragment length polymorphism (RFLP) and
microsatellite analysis have shown loss of genetic mate-
rial on the chromosomal arm 17p in 30–45 per cent of
cases as the most frequent molecular genetic alteration in
medulloblastomas.17 This indicates a medulloblastoma-
related tumor suppressor gene located on chromosome
17p that has not yet been identified. As TP53 is located
on 17p13 and is mutated in a variety of human tumors,
this gene was initially considered as a candidate gene.
However, TP53 mutations have been demonstrated in
only a small subset of medulloblastomas (five to ten per
cent of cases).18–20

Another putative tumor suppressor locus maps to the
long arm of chromosome 9q31, where allelic losses have
been described in 10–18 per cent of cases.21,22 The
PATCHED gene, which is affected in the nevoid basal cell
carcinoma syndrome (NBCCS), has been identified as the
target on 9q.23 Patients with NBCCS are predisposed to
develop basal cell carcinoma and medulloblastomas
mainly of the desmoplastic/nodular variant.22 Inactivat-
ing germ-line mutations in the human homolog of the
Drosophila segment polarity gene patched, PTCH, have
been demonstrated in NBCCS. Inactivating mutations 
of the PTCH gene have been identified in sporadic
medulloblastomas by several groups.24–26 LOH 9q and
PTCH mutations are more frequent in desmoplastic-type
medulloblastomas.24 However, a mutated PTCH gene
may also be observed in occasional tumors with classic
histology.25,26 Most mutations appear to cause truncated
proteins. It is believed that inactivation of PTCH results 
in activation of the growth-related hedgehog/patched path-
way and may lead to inappropriate proliferation of cere-
bellar progenitor cells.27,28 These data raise the intriguing
possibility that developmental control genes play an
essential role in the pathogenesis of medulloblastoma.

Medulloblastomas and colorectal neoplasms are among
the major manifestations in patients with the Turcot 
syndrome. Germ-line mutations of the APC gene are
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responsible for this condition. Mutations of the APC and
beta-catenin genes, both of which activate the Wnt path-
way, have been shown to be present in approximately 13
per cent of sporadic medulloblastomas.29–31

Cell-biological studies have provided evidence that
the two major subtypes of medulloblastoma, i.e. classical
and desmoplastic/nodular medulloblastoma, originate
from distinct cerebellar precursors. A periventricular
progenitor cell appears to give rise to the classic form,
whereas the desmoplastic/nodular form arises from exter-
nal granular cells.32,33

Medulloepithelioma

Medulloepithelioma is a very rare embryonal tumor of
the CNS. Most reported cases occur in children within
the first five years of life in both supra- and infratentorial
compartments. The histologic hallmark of this neoplasm
is a mitotically active, pseudostratified columnar epithe-
lium arranged in ribbons and tubules with invariable
interposition of stromal elements.34,35 These structures
recapitulate the primitive epithelium of the neural tube
(Plate 2). Immunohistochemical studies have shown
abundant vimentin-like, nestin-like, insulin-like, and
fibroblast growth factors. Glial fibrillary acid protein
(GFAP), beta-III-tubulin, and neurofilaments are not
usually expressed.35

Atypical teratoid/rhaboid tumor

AT/RT constitutes a highly malignant neoplasm with a
complex and variable histology occurring predominantly
in children under three years of age. It is composed of
rhabdoid cells with undifferentiated, epithelial-like, and
mesenchymal components, and with immunoreactivity
for GFAP, cytokeratins, synaptophysin, chromogranin,
and smooth-muscle actin (Plate 3). AT/RTs can occur at
any location along the neuroaxis, but they occur most
frequently in the cerebellum, cerebral hemisphere, and
cerebellopontine angle.36,37 When involving the cerebel-
lum, this neoplasm has to be differentiated from medul-
loblastoma.37 In previous studies, many of these neoplasms
have been classified as medulloblastoma or PNET. Their
distinction is, however, of great importance, since AT/RT
carries a poor prognosis compared with medulloblas-
toma. Ninety per cent of AT/RTs demonstrate mono-
somy or deletion of chromosome 22. The gene involved
in AT/RTs, hSNF5/INI1, maps to chromosome band
22q11.2. The INI1 protein is a component of the mam-
malian SWI/SNF complex, which functions in an ATP-
dependent manner to alter chromatin structure. Somatic
mutations or intragenic deletions have been documented
in the majority of cases, most of which create a novel stop
codon.38,39 Germ-line INI1 mutations have been detected

in patients with a combination of AT/RT of the brain and
renal rhabdoid tumor.38

GLIAL NEOPLASMS

Astrocytoma

A useful distinction for this group of neoplasms is 
to differentiate diffuse astrocytomas (fibrillary astro-
cytoma, anaplastic astrocytoma, glioblastoma) from 
other astrocytic tumors (pilocytic astrocytoma, pleo-
morphic xanthoastrocytoma, subependymal giant-cell
astrocytoma).40,41

Diffuse astrocytomas represent a continuous morpho-
logic spectrum of differentiation and tumor grades. They
are graded according to the WHO classification as well-
differentiated astrocytoma (WHO grade II), anaplastic
astrocytoma (WHO grade III), and glioblastoma multi-
forme (GBM; WHO grade IV). The WHO grading sys-
tem is based on the presence of atypia, hypercellularity,
mitoses, vascular proliferation, and necrosis.41 Compared
with astrocytomas occurring in adults, diffuse astrocytic
neoplasms in children tend to be of high grade and are
located more frequently in the brainstem (Plate 4).
Moreover, histological grading of malignant variants
(WHO grade III versus WHO grade IV) may not be as
significant in terms of survival in children as in adults.
Malignant astrocytomas in children appear to differ
from adult glioblastomas in a number of ways, the most
significant being the general absence of a preceding 
low-grade astrocytoma. Indeed, most low-grade astrocy-
tomas in children do not progress to high-grade tumors,
unlike in adults.42

High-grade pediatric astrocytomas also show differ-
ent molecular genetics alterations compared with adult
counterparts. Molecular genetic studies have defined at
least three different subtypes among adult glioblas-
tomas.43 One subtype carries mutations of the TP53 gene
associated with immunohistochemically detectable p53
protein but lacks amplification and overexpression of the
EGFR gene. This type can develop as secondary GBM,
which derives from a preceding low-grade astrocytoma.
A second subtype lacks mutations in the TP53 gene but
shows amplification and overexpression of the EGFR
gene and often exhibits homologous deletions of the
p16INK4a gene and mutations of the PTEN/MMAC1 gene
on chromosome 10. This genetic profile characterizes the
primary or de novo GBM. A third subtype is recognized
that contains both TP53 mutations and amplification
and overexpression of the EGFR gene. This molecular
variant may display the histologic appearance of giant-
cell GBM.44

Molecular genetic studies in pediatric high-grade
astrocytomas have shown that although glioblastomas in
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children usually arise de novo, their genetic profile is
more similar to secondary GBM, with a high rate of TP53
mutations (40–90 per cent of cases), very low incidence
of amplification of the EGFR gene (zero to six per cent of
cases), and low frequency of p16INK4a deletions (13 per cent
of cases).45–47 Malignant astrocytomas in young children
(under three years old) show a significant lower frequency
of TP53 mutations compared with older children.48

Pilocytic astrocytomas represent the most common
glioma entity in children. They occur in the cerebellum,
optic pathway, hypothalamus, brainstem, and basal gan-
glia. i.e. in midline structures. Radiographically, they often
present as contrast-enhancing, solid, or cystic lesions. It
is very important to distinguish this lesion from diffuse
astrocytoma, because the two entities differ greatly in
their clinical behavior. Histologically, pilocytic astrocytomas
are composed of fusiform, piloid astrocytes disposed in
both compact and loosely structured areas. Rosenthal
fibers and eosinophilic granular bodies are histological
hallmarks (Plate 5).

Pilomyxoid astrocytoma, a newly described entity of
uncertain relationship to the pilocytic group, develops 
as a suprasellar neoplasm, mostly in infants under three
years of age.49 The term “pilomyxoid astrocytoma” indi-
cates the presence of a mucinous background and piloid
features. These tumors lack a biphasic architecture,
Rosenthal fibers, and granular bodies, but they may show
prominent angiocentric architectures (Plate 6). Mitoses
are more frequent than in classic pilocytic astrocytoma.
Additional studies are required to demonstrate whether
the pilomyxoid variant really constitutes a distinct clini-
copathological entity with a less favorable outcome.

In general, pilocytic astrocytomas are associated with
a benign clinical course and carry a favorable prognosis.
However, there is increasing evidence for more aggressive
variants.50–52 Criteria for atypical subtypes need to be
defined. Rare disseminated forms are observed in infants
carrying large hypothalamochiasmatic tumors.53 Regres-
sion has been reported in neurofibromatosis type 1 (NF-1)
patients.54,55

Cytogenetic studies of pilocytic astrocytomas have
revealed either a normal karyotype or a variety of aberra-
tions. No distinct pattern suggesting loss of a particular
tumor suppressor gene has been identified.56 However,
CGH analyses in a large number of cases have shown var-
ious chromosomal imbalances, with gains and deletions
on chromosome 19 and gains on chromosome 22 being
the most common change observed.57

In contrast to the diffuse astrocytomas, mutations of
the TP53 gene, CDKN2A deletion, EGFR amplification,
and PTEN mutations are absent or very rare in pilocytic
astrocytoma.58 About 20 per cent of sporadic pilocytic
astrocytomas may show a loss of chromosome 17q, which
includes the region encoding the NF-1 gene.59 However,
screening of the NF-1 gene in sporadic tumors has failed

to detect mutations. Its role in pilocytic astrocytomas
remains uncertain.60

Pleomorphic xanthoastrocytoma is a superficial lesion
occurring in children and young adults. Histopathologi-
cally, it is characterized by the presence of large, bizarre
cells with multiple nuclei and abundant, often foamy
cytoplasm (Plate 7). A prominent intercellular reticulin
network can be observed particularly in superficial, sub-
arachnoid parts of the tumor. It reflects the presence of
basal lamina material at the ultrastructural level. Mitoses
are absent or rare and the MIB1 labeling index is usually
below two per cent. In contrast to their pleomorphic his-
tological appearance, pleomorphic xanthoastrocytomas
are frequently associated with a benign clinical course.
For lesions with high mitotic activity (five or more mitoses
per ten high-power fields (HPFs)) and/or with foci of
necrosis, the designation “pleomorphic xanthoastro-
cytoma with anaplastic features” has been proposed.61 It is
not yet established completely whether such tumors with
anaplastic features display a more aggressive behavior.
TP53 mutation appears to be an uncommon genetic event
and does not appear to be involved in tumor progression.
This suggests that the genetic pathways in pleomorphic
xanthoastrocytomas are different from those observed in
diffuse astrocytomas.62

Subependymal giant-cell astrocytoma represents a well-
demarcated, intraventricular tumor composed of large,
epithelioid cells with features ranging from gemistocytes
to ganglion cells. Such cells may show immunohisto-
chemical features of both glial and neuronal lineages, with
expression of S-100, beta-III tubulin, and neurofila-
ments. This benign neoplasm usually occurs in the 
setting of tuberous sclerosis.63

Oligodendroglioma

Oligodendrogliomas are well-differentiated tumors that
develop predominantly in the cerebral hemispheres in
adults. Histologically, they are composed of tumor cells
with round nuclei and clear cytoplasm, which tend to form
honeycomb architectures. Additional features include
calcifications, mucoid degeneration, and a dense network
(chicken wire) of branching capillaries. Marked nuclear
atypia and occasional mitoses are compatible with the
diagnosis of WHO grade II, but significant mitotic activ-
ity, prominent microvascular proliferation, or necrosis
indicates a progression to anaplastic oligodendroglioma
WHO grade III.64 In contrast to most other gliomas, spe-
cific immunohistochemical markers for oligodendrogli-
omas are not available.

Molecular genetic alterations in oligodendrogliomas
are quite distinct form those accompanying the develop-
ment of astrocytomas. Losses of chromosome 1p and
19q are the aberrations observed most commonly in
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oligodendrogliomas, occurring in approximately 40–75
per cent of these tumors.65 Despite the apparently differ-
ent molecular genetic events that accompany early oligo-
dendroglial transformation as compared with astrocytic
tumors, malignant progression in oligodendroglioma
may be associated with 9p and 10 deletions, similar to
anaplastic astrocytomas and glioblastomas. An impor-
tant relationship between the molecular genetic profile
and chemotherapeutic response has been established 
in oligodendrogliomas. High-grade oligodendrogliomas
with 1p allelic deletions show chemosensitivity and carry
a better prognosis, whereas homozygous deletions of the
CDKN2A gene on chromosome 9p (p16) appear to pre-
dict an unfavorable outcome.66 Mutations of TP53 may
occur in oligodendrogliomas but are much less frequent
compared with astrocytic neoplasms.58

Only a few pediatric series of oligodendrogliomas
have been reported, and none of these included a molec-
ular characterization.67,68 Taking into account that oligo-
dendroglioma-like features can be observed in various
tumor entities, such as clear-cell ependymoma, pilo-
cytic astrocytoma, neurocytoma, ganglioglioneurocytoma
(extraventricular neurocytoma), and dysembryoplastic
neuroepithelial tumor (DNT), and that most of these
entities occur primarily in children, it cannot be ruled
out that oligodendroglioma tends to be overdiagnosed in
the pediatric population. The true incidence in the pedi-
atric age group remains to be determined.

Ependymomas

Ependymomas represent eight to ten per cent of intracra-
nial tumors in childhood. They are classified histologically
into four major subtypes: myxopapillary, subependy-
momas, ependymomas, and anaplastic ependymomas.
Myxopapillary ependymomas and subependymomas are
rare in children.69 Myxopapillary ependymomas occur
primarily in the region of the filum terminale, while
subependymomas are intraventricular lesions. Most
subependymomas are incidental tumors discovered at
autopsy, but occasionally they can become symptomatic.
After surgical resection, long-term prognosis is excellent.
Anaplastic progression does not usually develop in these
entities. Myxopapillary ependymomas and subependy-
momas are considered to be WHO grade I.70

Ependymomas may occur at any site of the ventricu-
lar system and in the spinal canal. In children, the most
frequent localization is the fourth ventricle. Histologi-
cally, the classic ependymoma manifests as a moderately
cellular neoplasm with distinct perivascular pseudorosettes
(Plate 8).Additional, less common features include ependy-
mal rosettes and tubular structures termed “ependymal
canals.” Histological variants have been defined as cellu-
lar, papillary, tanycytic, and clear-cells ependymomas.

According to the WHO grading system, ependymomas
can be separated into ependymoma WHO grade II and
anaplastic ependymoma WHO grade III.70,71 In several
studies, only a loose correlation has been reported between
histological appearance and clinical outcome. The exact
definition of anaplastic ependymoma is controversial. In
the current WHO classification, anaplastic ependymomas
are characterized by high mitotic activity and the presence
of a highly cellular, poorly differentiated component.71

Vascular proliferation and necrosis are of uncertain sig-
nificance. The validity of this novel grading system has to
be confirmed in future clinicopathological studies.

The most frequent cytogenetic change, observed in 
30 per cent of ependymomas, is monosomy 22. Less 
frequent are abnormalities of chromosomes 9q, 10, 17,
and 13.72,73

An analysis of 62 ependymomas for LOH 22q and
LOH 10q and for mutations of the NF-2 and PTEN tumor
suppressor genes revealed six cases with mutant neurofi-
bromatosis type 2 (NF-2), all of which were located in
the spinal cord.72 This suggests that spinal ependymomas
constitute a distinct molecular variant. Genes involved in
cerebral ependymomas remain largely unknown.

Choroid plexus neoplasms

These neoplasms are derived from the choroid plexus
and display a morphologic spectrum from very well dif-
ferentiated papillomas to frankly anaplastic tumors with
minimal epithelial differentiation. Tumors with inter-
mediate or atypical appearance can occur de novo or dur-
ing anaplastic transformation.74

Choroid plexus neoplasms in children usually arise
within the lateral ventricle; less frequently, they may occur
in the third ventricle. Papillomas may produce hydro-
cephalus by secreting cerebrospinal fluid (CSF) and
through obstruction of the ventricular system.75

The vast majority of choroid plexus tumors are papil-
lomas and correspond to WHO grade I. They exhibit papil-
lae composed of a single layer of columnar epithelium
resting on a fibrovascular stalk. These tumors usually
show a well-formed continuous basement membrane.
Mitotic figures are absent or very rare. Occasionally, the
epithelial cells may contain a large number of mitochon-
dria, which results in an oncocytic phenotype. Bone and
cartilaginous metaplasia may be present in rare cases.

Lesions exhibiting significant cytologic atypia, scat-
tered mitoses, and nests of cells that have broken through
the basement membrane into the stroma have been 
designated as atypical choroid plexus papilloma.75

Anaplastic choroid plexus papillomas or choroid plexus
carcinomas (both synonymous and WHO grade III)
display unequivocal signs of cytologic and histological
malignancy. These neoplasms present as highly cellular
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lesions with multilayered epithelia, complex glandular
structures, and cribriform arrangements. Papillae are usu-
ally poorly formed or completely absent. Large necrotic
areas and invasion of the adjacent brain are often
observed.

Immunohistochemically, choroid plexus neoplasms
express cytokeratins, S-100, protein and occasionally
GFAP. Transthyretin (pre-albumin) has been evaluated
as a marker for normal and neoplastic choroid plexus
epithelia. However, as many as 20 per cent of choroid
plexus papillomas are negative, and other brain tumors
as well as metastatic carcinomas may be positive.

Benign choroid plexus papillomas may seed along the
CSF compartment. Usually, such foci are detectable only
at the microscopic level and are clinically asymptomatic.
In contrast, choroid plexus carcinoma may produce
frank metastases along CSF pathways.

Choroid plexus neoplasms occasionally occur in the
setting of Li–Fraumeni syndrome, which is caused by a
TP53 germ-line mutation.76 However, no TP53 muta-
tions have been detected in sporadic choroid plexus
tumors.

Classical cytogenetics and FISH analysis have demon-
strated hyperdiploidy, with gains particularly on chro-
mosomes 7, 9, 12, 15, 17, and 18.77 INI1 mutations have
been reported in cases of choroid plexus carcinoma.78,79

NEURONAL AND GLIONEURONAL TUMORS

Ganglioglioma

These are benign neoplasms (WHO grade I) composed
of dysplastic ganglion cells and a variable astrocytoma
component. They may occur throughout the CNS. The
majority are supratentorial and involve the temporal 
lobe. Affected patients frequently have a history of long-
standing temporal lobe epilepsy.80,81 Rare cases with
anaplastic changes of the glial component have been
reported.82

A variant of ganglioglioma is the papillary glioneu-
ronal tumor. This is characterized by the formation of
pseudopapillary architectures with a single layer of
pseudostratified, small, cuboidal cells arranged around
hyalinized blood vessels. A second component of this
tumor contains sheets of neurocytes and ganglion cells.
It remains to be demonstrated whether the papillary
glioneuronal tumor constitutes a separate entity.83–85

Central neurocytoma

Central neurocytoma occurs predominantly in the 
lateral ventricle in the region of the foramen of Monro.

It develops mostly in young adults, but cases in the pedi-
atric age group have been reported. Histologically, neu-
rocytoma is composed of a uniform population of cells
with round to oval nuclei and a finely speckled chro-
matin. The cytoplasm is usually clear, conferring an oligo-
dendroglioma-like appearance. The cells are embedded 
in a conspicuously fibrillated neuropil matrix. Micro-
calcification and perivascular rosettes can be seen. The latter
led to the original classification as “foramen Monroi
ependymoma.” Rarely, brisk mitotic activity, necrosis,
and endothelial proliferation can be observed. The neu-
ronal nature of the tumor is confirmed by immunohisto-
chemistry for synaptophysin and other neuronal proteins.
Ultrastructural features, such as clear and dense-core
granules, cellular processes with microtubular arrays,
and synapses, document the neuronal origin of the neo-
plastic cells.86,87 In general, central neurocytoma carries a
very favorable prognosis. It corresponds to WHO grade
II. Occasional neurocytomas with a higher Ki-67/Mib1
labeling index (greater than two per cent) show a higher
recurrence rate.88 Extraventricular location of neurocytic
neoplasms has also been reported.89

Desmoplastic infantile ganglioglioma and
astrocytoma

Both neoplasms are related closely and may represent a
spectrum of a single entity.90 They occur in children under
two years of age, with a mean age of seven months. Both
tumors involve superficial cortex and leptomeninges and
are often attached to the dura. The radiological appear-
ance is that of a large cyst with an overlying solid,
contrast-enhancing component. Histopathological fea-
tures include neuroepithelial and fibroblastic elements
intermingled with reticulin fibers and collagen deposits.
The neuroepithelial component shows a variable pro-
portion of astrocytes and neuronal cells. In desmoplastic
infantile astrocytomas, this component is limited to the
glial cell population. The neuronal elements range from
atypical ganglioid cells to small polygonal cell types.
Immunohistochemical detection of synaptophysin and/
or neurofilaments facilitates the identification of the 
neuronal cell population. In addition, these tumors may
contain a population of more primitive cells. Such an
undifferentiated cell component is present in both tumor
types and may predominate in some areas. In such areas,
mitoses and microscopic necroses can be observed.
Despite the ambiguous histology, the prognosis of desmo-
plastic infantile ganglioglioma/astrocytoma is very good;
therefore, it corresponds to WHO grade I. Molecular
genetic studies have demonstrated that in contrast to dif-
fuse astrocytomas, desmoplastic infantile astrocytomas
do not display allelic loss on chromosomes 17p and 10
and do not carry TP53 gene mutations.91
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Dysembryoplastic neuroepithelial tumor

DNT is a benign glioneuronal neoplasm characterized by 
a multinodular architecture and a predominant intracorti-
cal location. It usually occurs in the first two decades of life.
Seizures of the partial or complex type are the most impor-
tant symptom. DNTs are usually supratentorial and
located most frequently in the temporal lobe. Rare cases
involving the basal ganglia have been described. Magnetic
resonance imaging (MRI) shows the cortical location of
the lesion better than CT scanning. These tumors are
hypointense in T1-weighted images and hyperintense 
on T2. Peritumoral edema and mass effect are absent.
Histologically, DNT exhibits a multinodular architecture;
the nodules are composed of oligodendrocyte-like cells
with abundant intercellular mucin mixed with astrocytes
and small neurons, which typically appear to “float” in a
mucoid matrix (Plate 9). Tumor cells tend to be arranged
in a columnar fashion. The cortex surrounding DNT dis-
plays disorganization of the histoarchitecture and loss of
normal lamination (cortical dysplasia). A glioneuronal
nature of this lesion is not only confirmed by the presence
of mature neurons as an essential component; immuno-
histochemical and ultrastructural studies suggest that the
oligodendrocyte-like elements are capable of divergent
glial/neuronal differentiation.92 Significant cellular atypia
is absent in DNT, but occasionally mitoses can be
observed. Proliferative indexes evaluated with Ki67/Mib1
are generally low (less than one per cent). Patients with
NF-1 may rarely develop DNT.93,94

According to the WHO classification, a classical and a
complex variant of DNT can be distinguished. The com-
plex form exhibits a glioma-like component in addition
to the characteristic DNT element. A definitive diagnosis
of DNT based only on histological criteria can be very
difficult on non-representative or fragmented minute
specimens, where it may mimic low-grade gliomas, par-
ticularly oligodendrogliomas. The diagnosis of DNT
should be taken into consideration when the following
clinicoradiological criteria are present: (i) partial seizures
beginning before age 20 years; (ii) absence of a progres-
sive neurological deficit; (iii) predominant cortical
topography on MRI; and (iv) no mass effect, except if
related to a cyst, and no peritumoral edema. DNTs are
associated with a very favorable prognosis, even after
subtotal resection, and correspond histologically to WHO
grade I.

PINEAL PARENCHYMAL TUMORS

Tumors deriving from pineocytes account for 11–28 per
cent of pineal-region tumors in children. The current
WHO classification distinguishes three entities, ranging

from the highly malignant pineoblastoma (WHO grade
IV) composed of primitive immature cells to the well-
differentiated pineocytoma (WHO grade II). The third
group, pineal parenchymal tumors of intermediate differ-
entiation, comprises tumors with intermediate morpho-
logical and clinical properties.94

Other neoplasms located in the pineal area but not
originating from pineocytes or their precursors include
astrocytomas, in particular pilocytic astrocytomas and
germ-cell tumors.

Pineoblastoma

Pineoblastomas account for approximately 3–17 per cent
of pineal region tumors in children. They may develop at
any age, but they occur predominantly in the first decade
of life, with a male/female ratio of two to one. Pineoblas-
tomas are highly cellular neoplasms composed of small,
poorly differentiated, and pleomorphic cells arranged 
in patternless sheets. Formation of Homer–Wright or
Flexner–Wintersteiner rosettes can be observed in some
cases. The latter indicate an ontogenetic origin from the
human pineal gland as a photoreceptor organ.94,95 Rarely,
a papillary pattern may be seen. The immunophenotype
of pineoblastoma reflects the neuronal and photorecep-
tor differentiation with immunoreactivity for synapto-
physin, neurofilaments, and retinal S-antigen. Compared
with other PNETs, synaptophysin expression is usually
prominent. Pineoblastomas are highly aggressive neo-
plasms and correspond histologically to WHO grade IV.

Occasionally, pineoblastomas may be encountered in
patients with familial (bilateral) retinoblastoma, a condi-
tion termed trilateral retinoblastoma syndrome. A single
case of pineoblastoma has also been reported in a patient
with familiar adenomatous polyposis. Molecular genetic
studies have, so far, not shown any specific alterations.

Pineocytoma

Pineocytomas are generally more common in adults
than children; however, there is a wide variation of age at
presentation (11–78 years). These neoplasms present as
well-demarcated masses compressing adjacent struc-
tures.94–96 Histologically, they are composed of small,
uniform cells surrounding delicately fibrillated anuclear
areas termed pineocytomatous rosettes, which probably
represent pineocytic maturation of neoplastic cells. Such
structures are readily apparent with synaptophysin
immunostaining. The prognosis of pineocytomas is usu-
ally favorable following successful gross surgical removal.
Pineocytomas correspond histologically to WHO grade II.
In small surgical specimens, the distinction of pineocytoma
and pineal parenchyma with reactive changes may pose
considerable problems.
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Pineal parenchymal tumor of intermediate
differentiation

The morphologic features of this entity are intermediate
between those of pineocytoma and pineoblastoma, i.e.
high cellularity with mild nuclear atypia, rare mitoses,
and absence of pineocytomatous rosettes. Such neoplasms
constitute approximately ten per cent of all pineal paren-
chymal tumors. They occur at all ages, from young children
to adults, with a higher prevalence in adults. The clinical
behavior of these tumors is variable.95,96 Few cases have
been associated with CSF dissemination. Although 
not assigned specifically in the WHO classification,
the biological behavior corresponds to that of a WHO
grade III tumor.

MENINGIOMAS

Although common in adults, meningiomas are rare in
children. The reported incidence in pediatric brain tumor
series is less than two per cent. Most meningiomas are
benign and can be graded as WHO grade I. Certain sub-
types are associated with a greater likelihood of recur-
rence and/or aggressive behavior and correspond to WHO
grades II and III. In children, there is a tendency towards
more aggressive forms of meningiomas.97–100

Several variants of meningiomas have been described,
reflecting the mesenchymal and epithelial histogenetic
potential of arachnoid cells.99 Meningothelial and transi-
tional meningiomas constitute the most typical pheno-
type of these tumors, characterized by groups of cells
with poorly defined cell borders forming characteristic
whorls and by psammoma bodies. The cells contain
nuclei with finely distributed chromatin and inconspicu-
ous nucleoli. A mesenchymal appearance of arachnoid
cells can be seen in fibrous (fibroblastic), angiomatous,
and metaplastic meningiomas, whereas epithelial features
predominate in the microcystic, secretory, clear-cell,
chordoid, and papillary variants. Clear-cell and chordoid
meningiomas behave more aggressively. Clear-cell menin-
giomas are composed of polygonal cells with a clear cyto-
plasm filled with glycogen. These meningiomas may
occur at a very young age in the lumbar region. Familial
occurrence in a mother and child with spinal location
has been reported. Chordoid meningiomas display histo-
logical features similar to those observed in chordomas,
with ribbons of eosinophilic, vacuolated cells in a mucoid
background.101 This variant must be distinguished from
chordoma and chordoid glioma. Immunohistochemical
features of meningiomas are consistent with the dual
mesenchymal and epithelial nature of arachnoid cells.
Vimentin is expressed consistently. Immunoreactivity for
S-100 protein is variable and present in about 50 per cent

of cases. Epithelial membrane antigen (EMA) is usually
expressed. Its pattern of immunoreactivity can be focal
or diffuse.

The WHO classification includes atypical meningioma
(WHO grade II) as variant, with a biological behavior
intermediate between the classical benign (WHO grade
I) and the anaplastic meningioma (WHO grade III).
Histologic criteria for atypical meningiomas include
increased mitotic activity (four or more mitoses per ten
HPFs) or three of the following features: hypercellularity,
diffuse or sheet-like growth, prominent nucleoli, and foci
of necrosis.99,102

Brain invasion may occur in histologically benign, atyp-
ical, or malignant meningiomas. The presence of brain
invasion is associated with a greater likelihood of recur-
rence. Brain-invasive, histologically benign meningiomas
have a clinical course similar to atypical meningiomas. In
children, meningioangiomatosis can occur in association
with a meningioma and may mimic brain invasion.
Meningioangiomatosis represents a malformative lesion
composed of superficial and intracortical, often perivas-
cular, aggregates of meningothelial cells and vascular
channels. This entity presents sporadically or in a hered-
itary setting, such as NF-2. It has been suggested that the
relative high frequency of brain invasion observed in
pediatric series of meningiomas may be attributed to the
presence of this unrecognized association.103

Anaplastic (malignant) meningiomas (WHO grade
III) differ from atypical meningioma by the presence of
advanced histological features of malignancy, such as
very high mitotic index (20 or more mitoses per ten
HPFs) or morphological patterns reminiscent of sar-
coma, carcinoma, or melanoma.104 In addition, WHO
grade III has been assigned to the two meningioma sub-
types papillary meningioma and rhabdoid meningioma.

Papillary meningioma is a rare variant that occurs
more frequently in children than in adults and has a high
propensity for recurrence and for the development of
distant metastases.105,106 Accordingly, papillary menin-
giomas correspond to WHO grade III. Histologically,
this tumor appears highly cellular and composed of
epithelial-like cells with well-defined cellular borders.
Tumor cells are frequently arranged in papillary structures
around blood vessels (Plate 10). High mitotic activity
and brain invasion are common. Although the papillary
pattern may be predominant, areas with a classic
meningothelial appearance can usually be found.

Rhabdoid meningiomas constitute rare neoplasms 
that contain a significant proportion of rhabdoid cells,
i.e. cells with abundant eosinophilic cytoplasm, eccentric
nuclei, and hyaline paranuclear inclusions. The presence
of this component indicates a highly aggressive biologic
behavior and results in the grading as WHO grade III
meningioma. In the largest reported series (15 cases),
there was only a single case of rhabdoid meningioma in a

88 Pathology and molecular classification



child, who experienced multiple recurrences for a period
of 17 years.107

The most consistent cytogenetic change in menin-
giomas involves allelic imbalance or losses of chromo-
some 22, indicating that this chromosome harbors a
meningioma-associated gene. In general, karyotypic and
molecular genetic abnormalities are more extensive in
atypical and malignant meningiomas. LOH for loci on
chromosome 22q has been demonstrated in 40–80 per
cent of sporadic meningiomas, and this correlates with
mutations of the NF-2 gene in more than 60 per cent of
sporadic cases.108 NF-2 mutations are significantly less
common in the meningothelial subtype compared with
fibrous meningiomas. Allelic losses on chromosomes 1,
10, and 14 appear to be associated with atypical features
and malignant progression.109

GERM-CELL TUMORS

Germ-cell tumors of the CNS comprise a group of
rare neoplasms that occur primarily during childhood
and adolescence. They tend to arise in midline struc-
tures, including pineal and sellar regions, the third 
ventricle, and the hypothalamus, but only rarely in the
spinal cord. The histogenesis and classification of germ-
cell tumors in the CNS are considered analogous to 
those of their gonadal and extragonadal counterparts.110

Germinomas are the prevalent entity in the suprasellar
compartment and basal ganglionic/thalamic regions. Non-
germinomatous germ-cell tumors appear to predomi-
nate at other sites. Multifocal germ-cell tumors usually
involve the pineal region and suprasellar compartment
simultaneously or sequentially. Bilateral basal ganglia
and thalamic lesions have also been reported.111

Germinomas

Germinomas constitute the most frequent germ-cell tumor
of the CNS. They are composed of polygonal cells with
large, vesicular nuclei and prominent nucleoli. Tumor cells
can be separated by a fibrovascular stroma infiltrated by
small lymphocytes, principally of T-cell origin (Plate 11).
Some tumors show a very prominent lymphoid reaction,
which may mask neoplastic elements in the biopsy mate-
rial. Some germinomas exhibit a striking granulomatous
reaction, which should not be misinterpreted as sar-
coidosis or tuberculosis. Immunostaining for placental
alkaline phosphatase (PLAP) identifies the neoplastic
germ cells. Otherwise, typical germinomas may contain
syncytiotrophoblastic giant cells that display cytoplasmic
immunolabeling for beta-human chorionic gonadotrophin
(�-HCG). The presence of such cells does not modify the
biologic behavior and radiosensitivity of germinomas.

In contrast, mixed germ-cell tumors with a prominent
germinoma component and additional elements of yolk-
sac tumor or embryonal carcinoma carry a significantly
less favorable prognosis. Immunohistochemical reactions
for alpha-fetoprotein and cytokeratin can be helpful to
identify minor non-germinomatous portions.

Embryonal carcinoma and yolk-sac tumors
(endodermal sinus tumors)

Embryonal carcinomas and yolk-sac tumors are among
the most primitive germ-cell neoplasms. The yolk-sac
tumor is composed of cuboidal/columnar epithelial cells
arranged in tubules and papillary structures, and exhibits
a delicate connective stroma with capillary-sized vessels.
Schiller–Duval bodies and periodic acid–Schiff (PAS)-
positive hyaline globules are usually present. Cytoplasmic
immunoreactivity for alpha-fetoprotein in the epithelial
component can be useful in distinguishing this neoplasm
from germinoma and embryonal carcinoma. The hyaline
globules also stain positively for this developmental
antigen.

Embryonal carcinoma presents as a less differentiated
tumor. It displays patternless sheets of cells with large,
vesicular nuclei and prominent nucleoli. Embryoid-
body-like aggregates may occur. The neoplastic cells
show dense and diffuse cytoplasmic labeling for cytoker-
atins, distinguishing these neoplasms from germinomas.

Choriocarcinomas

Pure choriocarcinomas develop in the CNS only rarely.
However, syncytiotrophoblastic and cytotrophoblastic
elements may be observed as components of other germ-
cell tumors. Histologically, choriocarcinoma is charac-
terized by a combination of syncytiotrophoblastic and
cytotrophoblastic elements surrounded by sinusoidal
vessels. Syncytiotrophoblastic giant cells show strong
immunoreactivity for �-HCG.

Teratomas

Teratomas are tumors composed of a mixture of tissues
derived from all three germinal layers. They account for
approximately 0.5 per cent of all intracranial neoplasms
and occur more frequently in males, preferentially involv-
ing the pineal region. As in the gonadal and extragonadal
examples, three variants can be distinguished. Mature
teratomas exclusively show fully differentiated, adult-
type tissue of ectodermal, mesodermal, and endodermal
origin. The more common ectodermal components
encountered in such tumors include skin, brain, and
choroid plexus. Mesodermal tissues include cartilage, bone,
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fat, and muscle. Cysts lined by epithelia of respiratory or
enteric type constitute typical endodermal features.

Immature teratomas are characterized by incompletely
differentiated components resembling fetal tissues.
Hypercellular and mitotically active stroma, reminiscent
of embryonic mesenchyme, and primitive neuroectoder-
mal elements that resemble the developing neural tube,
such as neuroepithelial rosettes and tubular structures,
often predominate. Melanin-pigmented neuroepithe-
lium indicates retinal differentiation. Immature intracra-
nial teratomas may undergo spontaneous differentiation
into fully mature tissue. Complete maturation can also
be observed in specimens from patients whose immature
teratomas or mixed germ-cell tumors have been subject
to radio- and/or chemotherapy.112 Such maturation pre-
sumably reflects the selective treatment sensitivity of the
more actively proliferating immature components.
Occasionally, teratomas may harbor an additional malig-
nant element with features of a distinct malignant neo-
plasm. Such tumors are termed teratoma with malignant
transformation. The most frequent malignant somatic
components are rhabdomyosarcoma or undifferentiated
sarcoma, and less frequently squamous cell carcinoma
and enteric-type adenocarcinoma.111

Intracranial germ-cell tumors have been observed in
patients with Klinefelter syndrome, which is character-
ized by a 47 XXY genotype. Such patients also carry an
increased risk for mediastinal germ-cell tumors as well as
for mammary carcinoma. Germ-cell tumors frequently
exhibit additional X chromosomes. The susceptibility of
Klinefelter syndrome patients to such tumors could
result from the increased dosage of an X-chromosome-
associated gene. Individuals with Down syndrome,
which show a higher incidence of testicular germ-cell
tumors, have also been reported to develop intracranial
germ-cell tumors more frequently. Few case reports have
documented germ-cell tumors in the setting of NF-1.
Rarely, patients with germ-cell tumors of the CNS have
been reported to develop secondary gonadal germ-
cell tumors, suggesting that some individuals bear an
increased general risk for the development of germ-cell
neoplasms.113

Cytogenetic abnormalities in CNS germ-cell tumors
appear similar to those reported in morphologically
homologous tumors of the testis and other extracranial
sites. Such abnormalities involve the X chromosome,
alterations of chromosome 1 resulting in additional
copies of the 1q21-1qter region, and a high incidence of
numerical and structural anomalies affecting chromo-
some 12 such as chromosome 12p duplication (isochro-
mosome 12p), a specific marker found in approximately
80 per cent of testicular and mediastinal germ-cell
tumors.114

Molecular genetic analyses performed in a few cases
have reported a low incidence of TP53 gene mutations.115

Craniopharyngioma

Craniopharyngiomas are epithelial tumors of the sellar
region, presumably derived from Rathke pouch epithe-
lium. Two clinicopathological forms have to be dif-
ferentiated: the adamantinomatous and the papillary
craniopharyngioma forms. The latter occurs almost
exclusively in adults at a mean age of 40–45 years, while
the adamantinomatous form can be observed in children
aged 5–14 years as well as in adults. The most frequent
location is suprasellar with an intrasellar component.116

Craniopharyngiomas manifest as solid tumors with a
variable, sometimes prevalently cystic, component and
frequent calcifications. The cysts of the adamantinoma-
tous type contain brownish, machine-oil-like fluid rich
in cholesterol. Adamantinomatous craniopharyngiomas
are composed histologically of strands and cords of a
multistratified squamous epithelium, with peripheral
palisading of nuclei with nodules of compact keratin and
dystrophic calcifications. The adjacent brain tissue dis-
plays an intense reactive gliosis, with abundant Rosenthal
fibers, and may contain small tumor islets. No genetic
susceptibility has been reported. Cytogenetic analyses in
few cases have demonstrated abnormalities involving
chromosomes 2 and 12.117 Mutations of the TP53 gene
do not appear to play a role.

GLIAL TUMORS OF UNCERTAIN
HISTOGENESIS

Three neoplasms of presumably glial origin have been
assigned to this group: astroblastoma, gliomatosis cere-
bri, and chordoid glioma of the third ventricle.

Astroblastoma is a rare glial tumor characterized by a
perivascular pattern of GFAP-positive cells with broad,
non-tapering processes radiating towards a central blood
vessel. Because such a perivascular pattern may be
observed in high-grade gliomas, the designation of
astroblastoma should be limited to those rare neoplasms
in which this architecture is predominating and that lack
prominent features of diffuse astrocytomas or ependy-
momas. On neuroimaging, astroblastomas appear as
well-circumscribed, solid, and occasionally cystic masses.
The cerebral hemispheres are most often affected, but the
entity can also occur at other sites in the CNS. Astroblas-
tomas develop more frequently in young adults, but
pediatric cases have been reported. Histologically, low-
grade and high-grade astroblastomas may be distin-
guished based on the presence of marked cellular atypia,
vascular proliferation, and necrosis. Gross total resection
of these tumors can result in long-term survival, even in
histologically malignant lesions.118

Gliomatosis cerebri represents a diffuse glial tumor
infiltrating extensively into both cerebral hemispheres,
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with frequent extension into infratentorial structures.
Three lobes of the brain must be affected by definition.
Microscopically, gliomatosis cerebri features elongated
glial cells that resemble astrocytes. A solid portion may
be present in some cases but absent in others. When infil-
trating myelinated tracts, the cells often display an elon-
gated shape. Usually, mitotic activity is low and vascular
proliferation is absent. Mitotically active, anaplastic vari-
ants may, however, be encountered. In few reported cases,
the morphology of neoplastic cells resembles oligoden-
drogliomas. Few cases have been reported in children,
with the majority of these tumors occurring in adults.119

Chordoid glioma of the third ventricle has been described
recently as a new entity. This low-grade lesion occurs
exclusively within the third ventricle of adult patients.
Histologically, it is composed of epithelioid GFAP-
positive glial cell embedded in a mucoid stroma. No cases
have been reported in children. The differential diagnosis
includes chordoma and chordoid meningioma.120

BRAIN TUMORS IN THE CONTEXT OF
HEREDITARY TUMOR SYNDROMES

Various brain tumors in children can occur in the setting
of familial tumor syndromes. Most of these syndromes
have been characterized genetically, and genes responsi-
ble for the disease have been identified. Some of the
affected tumor suppressor genes have been demonstrated
to play an important role in the formation of sporadic

neoplasms. It is beyond the scope of this chapter to review
the phenotypic and molecular genetic alterations of these
syndromes, and we refer the reader to specialized reviews
on the subject. Table 5.2 summarizes the frequently
observed brain tumor entities in these hereditary disorders.

BRAIN TUMORS AS SECONDARY
MALIGNANCIES

Treatment for acute leukemia and other malignancies 
in children frequently includes irradiation of the CNS.
A tragic consequence of this aggressive therapy has 
been the rare occurrence of radiation-induced malignant
brain tumors. Histologically, these neoplasms resemble
either spontaneous supratentorial PNET121 or malignant
astrocytomas.122 Molecular characterization has revealed
an activating point mutation of the K-ras proto-
oncogene in a radiation-induced PNET. Radiotherapy-
associated astrocytomas lack K-ras mutations and show
TP53 mutations and EGFR amplification in a manner
similar to that described in sporadic high-grade astrocy-
tomas.122 Additional entities to be observed in irradiated
patients include meningiomas and sarcomas.

REFERENCES

1 Kleihues P, Cavanee WK. Pathology and Genetics of Tumours
of the Nervous System. Lyon: IARC Press, 2000.

Table 5.2 Brain tumors in hereditary tumor syndromes

Syndrome Gene Chromosome Brain tumors

Neurofibromatosis 1 NF-1 17q11 Pilocytic astrocytoma of the optic pathway
Astrocytoma
DNT

Neurofibromatosis 2 NF-1 22q12 Bilateral acoustic schwannomas
Meningioma
Meningioangiomatosis, spinal ependymomas,
astrocytomas

Von Hippel–Lindau VHL 3p26–p25 Hemangioblastoma

Tuberous sclerosis TSC1 9q34 SEGA
TSC2 16p13

Li–Fraumeni TP53 17p13 Astrocytoma, PNET

Turcot APC 5q21 Medulloblastoma
hMLH1 3p21 Glioblastoma
hPSM2 7p22

Cowden PTEN (MMAC) 10q23 Dysplastic gangliocytoma of the cerebellum

NBCCS PTCH 9q31 Medulloblastoma

DNT, dysembryoplastic neuroepithelial tumor; NBCCS, nevoid basal cell carcinoma syndrome; SEGA, subependymal giant cell
astrocytoma.



2 Rorke LB, Hart MN, Mc Lendon RE. Supratentorial primitive
neuroectodermal tumour (PNET). In: Kleihues P, Cavanee WK
(eds) Pathology and Genetics of Tumours of the Nervous
System. Lyon: IARC Press, 2000; pp. 141–4.

3 Burnett ME, White EC, Sih S, von Haken MS, Cogen PH.
Chromosome arm 17p deletion analysis reveals molecular
genetic heterogeneity in supratentorial and infratentorial
primitive neuroectodermal tumors of the central nervous
system. Cancer Genet Cytogenet 1997; 97:25–31.

4 Biegel JA. Cytogenetics and molecular genetics of childhood
brain tumors. Neuro-Oncol 1999; 1:139–51.

5 Reifemberger J, Janssen G, Weber RG, et al. Primitive
neuroectodermal tumors of the cerebral hemispheres in two
siblings with TP53 germline mutations. J Neuropathol Exp
Neurol 1998; 57:179–87.

6 Cruz-Sanchez FF, Rossi ML, Hughes JT, Moss TH.
Differentiation in embryonal neuroepithelial tumors of the
central nervous system. Cancer 1991; 67:965–76.

7 Eberhart CG, Brat DJ, Cohen KJ, Burger PC. Pediatric
neuroblastic brain tumors containing abundant neuropil and
true rosettes. Pediatr Dev Pathol 2000; 3:346–52.

8 Giangaspero F, Bigner SH, Kleihues P, Pietsch T, 
Trojanowski JQ. Medulloblastoma. In: Kleihues P, 
Cavanee WK (eds) Pathology and Genetics of Tumours of
the Nervous System. Lyon: IARC Press, 2000; pp. 129–37.

9 Giangaspero F, Perilongo G, Fondelli MP, et al.
Medulloblastoma with extensive nodularity: a variant with
favorable prognosis. J Neurosurg 1999; 91:971–7.

10 Giangaspero F, Rigobello L, Badiali M, et al. Large-cell
medulloblastomas. A distinct variant with highly aggressive
behavior. Am J Surg Pathol 1992; 16:687–93.

11 Brown HG, Kepner JL, Perlman EJ, et al. “Large cell/anaplastic”
medulloblastoma: a Pediatric Oncology Group Study.
J Neuropathol Exp Neurol 2000; 59:857–65.

12 Leonard JR, Cai DX, Rivet DJ, Kaufman BA, Park TS, Levy BK,
Perry A. Large cell/anaplastic medulloblastoma and
medullomyoblastoma: clinicopathological and genetic
features. J Neurosurg 2001; 95:82–8.

13 Smith TW, Davidson RI. Medullomyoblastoma. A histologic,
immunohistochemical and ultrastructural study. Cancer
1984; 54:323–32.

14 Baylac F, Martinoli A, Marie B, et al. Une variété exceptionelle
de medulloblastome: le medulloblastome mélanotique. 
Ann Pathol 1997; 17:403–5.

15 Vagner C, Zattara C, Gambarelli D, et al. Detection of i(17q)
chromosome by fluorescent in situ hybridization (FISH) with
interphase nuclei in medulloblastoma. Cancer Genet 
Cytogenet 1994; 78:1–6.

16 Reardon DA, Michalkiewicz E, Boyett JM, et al. Extensive
genomic abnormalities in childhood medulloblastoma by
comparative genomic hybridization. Cancer Res 1997;
57:4042–7.

17 Cogen PH, McDonald JD. Tumor suppressor genes and
medulloblastoma. J Neuro-Oncol 1996; 29:103–12.

18 Adesina AM, Nalbantoglu J, Cavanee WK. p53 gene mutation
and mdm2 gene amplification are uncommon in
medulloblastoma. Cancer Res 1994; 54:5649–51.

19 Badiali M, Iolascon A, Loda M, et al. p53 gene mutations in
medulloblastoma. Immunohistochemistry, gel shift analysis
and sequencing. Diagn Mol Pathol 1993; 2:23–8.

20 Ohgaki H, Eibl RH, Wiestler OD, Yasargil MG, Newcomb EW,
Kleihues P. p53 mutations in nonastrocytic human brain
tumors. Cancer Res 1991; 51:6202–5.

21 Albrecht S, von Deimling A, Pietsch T, et al. Microsatellite
analysis of loss of heterozygosity on chromosomes 9q, 11p,
and 17p in medulloblastomas. Neuropathol Appl Neurobiol
1994; 20:74–81.

22 Shofield DE, West DC, Anthony DC, Marshal R, Sklar J.
Correlation of loss of heterozygosity at chromosome 9q with
histologic subtype in medulloblastomas. Am J Pathol 1995;
146:472–80.

23 Hahn H, Wiching C, Zaphiropoulos PG, et al. Mutations of the
human homolog of Drosophila patched in the nevoid basal cell
carcinoma syndrome. Cell 1996; 85:841–51.

24 Pietsch T, Waha A, Koch A, et al. Medulloblastoma of the
desmoplastic variant carry mutations of the human
homologue of Drosophila patched. Cancer Res 1997;
57:2085–8.

25 Wolter M, Reifenberger J, Sommer C, Ruzicka T, Reifenberger G.
Mutations in the human homologue of the Drosophila
segment polarity gene patched (PTCH) in sporadic basal cell
carcinomas of the skin and primitive neuroectodermal tumors
of the central nervous system. Cancer Res 1997; 57:2581–5.

26 Raffel C, Jenkins RB, Frederick L, et al. Sporadic
medulloblastomas contain PTCH mutations. Cancer Res
1997; 57:842–5.

27 Zurawel RH, Allen C, Chiappa S, et al. Analysis of
PATCH/SMO/SHH pathway genes in medulloblastoma.
Genes Chromosomes Cancer 2000; 27:44–51.

28 Goodrich LV, Milenkovic L, Higgins KM, Scott MP. Altered
neural cell fates and medulloblastoma in mouse patched
mutants. Science 1997; 277:1109–13.

29 Eberhart CG, Tihan T, Burger PC. Nuclear localization and
mutation of beta-catenin in medulloblastomas. J Neuropathol
Exp Neurol 2000; 59:333–7.

30 Huang H, Mahler-Araujo BM, Sankila A, et al. APC mutations
in sporadic medulloblastoma. Am J Pathol 2000; 156:433–7.

31 Koch A, Waha A, Tonn JC, et al. Somatic mutations of
WNT/wingless signaling pathway components in primitive
neuroectodermal tumors. Int J Cancer 2001; 93:445–9.

32 Buhren J, Christoph AHA, Buslei R, Albrecht S, Wiestler OD,
Pietsch T. Expression of the neurotrophin receptor p75ntr in
medulloblastomas is correlated with distinct histological and
clinical features: evidence for a medulloblastoma subtype
derived from the external granule cell layer. J Neuropathol
Exp Neurol 2000; 59:229–40.

33 Eberhart CG, Kaufman WE, Tihan T, Burger PC. Apoptosis
neuronal maturation, and neurotrophin expression within
medulloblastoma nodules. J Neuropathol Exp Neurol 2001;
60:462–9.

34 Molloy PT, Yachnis AT, Rorke LB, et al. Central nervous system
medulloepithelioma: a series of eight cases including two
arising in the pons. J Neurosurg 1996; 84:430–6.

35 Becker LE, Sharma MC, Rorke LB. Medulloepithelioma. In:
Kleihues P, Cavanee WK (eds) Pathology and Genetics of
Tumours of the Nervous System. Lyon: IARC Press, 2000;
pp. 124–6.

36 Rorke LB, Packer RJ, Biegel JA. Central nervous system
atypical teratoid/rhabdoid tumors of infancy and childhood:
definition of an entity. J Neurosurg 1996; 85:56–65.

92 Pathology and molecular classification



37 Burger PC, Yu IT, Tihan T, et al. Atypical teratoid/rhabdoid
tumor of the central nervous system: a highly malignant
tumor of infancy and childhood frequently mistaken for
medulloblastoma: a Pediatric Oncology Group study.
Am J Surg Pathol 1998; 22:1083–92.

38 Biegel JA, Zhou JY, Rorke LB, Stenstrom C, Wainwright LM,
Fogelgren B. Germ-line and acquired mutations of INI1 in
atypical teratoid and rhabdoid tumors. Cancer Res 1999;
59:74–9.

39 Rousseau-Merck M-F, Versteege I, Legrand I, et al.
hSNF5/INI1 inactivation is mainly associated with
homozygous deletions and mitotic recombinations in
rhabdoid tumors. Cancer Res 1999; 59:3152–6.

40 Burger PC, Sheithauer BW. Atlas of tumor pathology. In:
Tumors of the Central Nervous System. Washington: AFIP,
1994; pp. 25–106.

41 Cavanee WK, Furnari FB, Nagane M, et al. Diffusely
infiltrating astrocytomas. In: Kleihues P, Cavanee WK (eds)
Pathology and Genetics of Tumours of the Nervous System.
Lyon: IARC Press, 2000; pp. 10–21.

42 Packer RJ. Brain tumors in children. Arch Neurol 1999;
56:421–5.

43 Kleihues P, Ohgaki H. Primary and secondary glioblastoma:
from concept to clinical diagnosis. Neuro-Oncol 1999;
1:44–51.

44 Peraud A, Watanabe K, Schwechheimer K, Yonekawa Y,
Kleihues P, Ohgaki H. Genetic profile of the giant cell
glioblastoma. Lab Invest 1999; 79:123–9.

45 Cheng Y, Ng Hk, Zhang SF, et al. Genetic alterations in
pediatric high-grade astrocytomas. Hum Pathol 1999;
30:1284–90.

46 Sung T, Miller DC, Hayes RL, Alonso M, Yee H, Newcombo EW.
Preferential inactivation of the p53 tumor suppressor
pathway and lack of EGFR amplification distinguish de novo
high grade pediatric astrocytomas from de novo adult
astrocytomas. Brain Pathol 2000; 10:249–59.

47 Raffel C, Frederick L, O’Fallon JR, et al. Analysis of oncogene
and tumor suppressor gene alterations in pediatric malignant
astrocytomas reveals reduced survival for patients with PTEN
mutations. Clin Cancer Res 1999; 5:4085–90.

48 Pollack IF, Finkelstein SD, Burnham J, et al. Age and TP53
mutation frequency in childhood malignant gliomas: 
results in a multi-institutional cohort. Cancer Res 2001;
61:7404–7.

49 Tihan T, Fisher PG, Kepner JL, et al. Pediatric astrocytomas
with monomorphous pilomyxoid features and less favorable
outcome. J Neuropathol Exp Neurol 1999; 58:1061–8.

50 Dirks PB, Jay V, Becker LE, et al. Development of anaplastic
changes in low-grade astrocytomas of childhood.
Neurosurgery 1994; 34:68–78.

51 Tomlinson FH, Scheithauer BW, Hayostek CJ, et al. The
significance of atypia and histologic malignancy in pilocytic
astrocytoma of the cerebellum: a clinicopathologic and flow
cytometry study. J Child Neurol 1994; 9:301–10.

52 Krieger MD, Gonzalez-Gomez I, Levy ML, McComb JG.
Recurrence patterns and anaplastic change in a long-term
study of pilocytic astrocytomas. Pediatr Neurosurg 1997;
27:1–11.

53 Perilongo G, Carollo C, Salviati L, et al. Diencephalic
syndrome and disseminated juvenile pilocytic astrocytomas

of the hypothalamic-optic chiasm region. Cancer 1997;
80:142–6.

54 Gottschalk S, Tavakolian R, Buske A, Tinshert S, Lehmann R.
Spontaneous remission of chiasmatic/hypothalamic masses in
neurofibromatosis type 1: report of two cases. Neuroradiology
1999; 41:199–201.

55 Perilongo G, Moras P, Carollo C, et al. Spontaneous partial
regression of low-grade glioma in children with
neurofibromatosis-1: a real possibility. J Child Neurol 1999;
14:352–6.

56 Ransom DT, Ritland SR, Kimmel DW, et al. Cytogenetic and
loss of heterozygosity studies in ependymomas, pilocytic
astrocytomas and oligodendrogliomas. Genes Chromosomes
Cancer 1992; 5:348–56.

57 Szymas J, Wolf G, Petersen S, Schluens K, Nowak S, Petersen I.
Comparative genomic hybridisation indicates two distinct
subgroups of pilocytic astrocytoma. Neurosurg Focus
2000; 8:1–6.

58 Ohgaki H, Eibl RH, Schwab M, et al. Mutations of the p53
tumor suppressor gene in neoplasms of the human nervous
system. Mol Carcinog 1993; 8:74–80.

59 Von Deimling A, Louis DN, Menon AG, et al. Deletions on the
long arm of chromosome 17 in pilocytic atrocytoma. Acta
Neuropathol (Berl) 1993; 86:81–5.

60 Platten M, Giordano MJ, Dirven CM, Gutmann DH, Louis DN.
Up-regulation of specific NF1 gene transcripts in sporadic
pilocytic astrocytoma. Am J Pathol 1996; 149:621–7.

61 Giannini C, Scheithauer BW, Burger PC, et al. Pleomorphic
xanthoastrocytoma. What do we really know about it?
Cancer 1999; 85:2033–45.

62 Giannini C, Hebrink D, Scheithauer BW, Dei Tos AP, James CD.
Analysis of p53 mutation and expression in pleomorphic
xanthoastrocytoma. Neurogenetics 2001; 3:159–62.

63 Wiestler OD, Lopes BS, Green AJ, Vinters HV. Tuberous
sclerosis complex and subependymal giant cell astrocytoma.
In: Kleihues P, Cavanee WK (eds) Pathology and Genetics of
Tumours of the Nervous System. Lyon: IARC Press, 2000;
pp. 227–30.

64 Reifenberger G, Kros JM, Burger PC, Louis DN, Collins VP.
Oligodendroglioma. In: Kleihues P, Cavanee WK (eds)
Pathology and Genetics of Tumours of the Nervous System.
Lyon: IARC Press, 2000; pp. 56–61.

65 Reifenberger J, Reifenberger G, Liu L, James CD, Wechsler W,
Collins VP. Molecular genetic analysis of oligodendroglial
tumors shows preferential allelic deletions on 19q and 1p. 
Am J Pathol 1994; 145:1175–90.

66 Ino Y, Betensky RA, Zlatescu MC, et al. Molecular subtypes 
of anaplastic oligodendroglioma: implications for patient
management at diagnosis. Clin Cancer Res 2001; 
7:839–45.

67 Rizk T, Mottolese C, Bouffet E, et al. Cerebral
oligodendrogliomas in children: an analysis of 15 cases. Childs
Nerv Syst 1996; 12:527–9.

68 Razack N, Baumgartner J, Bruner J. Pediatric
oligodendrogliomas. Pediatr Neurosurg 1998; 28:121–9.

69 Prayson RA. Myxopapillary ependymomas: a clinicopathologic
study of 14 cases including MIB-1 and p53 immunoreactivity.
Mod Pathol 1997; 10:304–10.

70 Wiestler OD, Schiffer D, Coons SW, Prayson RA, Rosenblum
MK. Ependymoma. In: Kleihues P, Cavanee WK (eds) Pathology

References 93



and Genetics of Tumours of the Nervous System. Lyon: IARC
Press, 2000; pp. 72–6.

71 Wiestler OD, Schiffer D, Coons SW, Prayson RA, Rosenblum MK.
Anaplastic ependymoma. In: Kleihues P, Cavanee WK (eds)
Pathology and Genetics of Tumours of the Nervous System.
Lyon: IARC Press, 2000; pp. 76–7.

72 Ebert C, von Haken M, Meyer-Puttilitz B, et al. Molecular
genetic analysis of ependymal tumors. NF2 mutations 
and chromosome 22q loss occur preferentially in
intramedullary spinal ependymomas. Am J Pathol 1999;
155:627–32.

73 Hirose Y, Adalpe KA, Bollen A, et al. Chromosomal
abnormalities subdivide ependymal tumors into clinically
relevant groups. Am J Pathol 2001; 158:1137–43.

74 Chow E, Jenkins JJ, Burger PC, et al. Malignant evolution of
choroids plexus papilloma. Pediatr Neurosurg 1999;
31:127–30.

75 Pencalet P, Sainte-Rose C, Lellouch-Tubiana A, et al.
Papillomas and carcinomas of the choroids plexus in children.
J Neurosurg 1998; 88:521–8.

76 Vital A, Bringuier PP, Huang H, et al. Astrocytomas and
choroids plexus tumors in two families with identical p53
germline mutations. J Neuropathol Exp Neurol 1998;
57:1061–9.

77 Donovan MJ, Yunis EJ, De Girolami U, Fletcher JA, Schofield DE.
Chromosome aberrations in choroid plexus papillomas. Genes
Chromosomes Cancer 1994; 11:267–70.

78 Sevenet N, Sheridan E, Amram D, Scheneider P, Hangretinger R,
Delattre O. Constitutional mutations of the hSNF/INI1 gene
predispose to a variety of cancers. Am J Hum Genet 1999;
65:1342–8.

79 Weber M, Stockhammer F, Schmitz U, von Deimiling A.
Mutational analysis of INI1 in sporadic human brain tumors.
Acta Neuropathol 2001; 101:479–82.

80 Prayson RA, Khajavi K, Comair YG. Cortical architectural
abnormalities and MIB1 immunoreactivity in gangliogliomas:
a study of 60 patients with intracranial forms. J Neuropathol
Exp Neurol 1995; 54:513–20.

81 Hirose T, Scheithauer BW, Lopes MB, et al. Ganglioglioma: an
ultrastructural and immunohistochemical study. Cancer 1997;
79:989–1003.

82 Hayashi Y, Iwato M, Hasegawa M, Tachibana O, von Deimling A,
Yamashita J. Malignant transformation of a gangliocytoma/
ganglioglioma into a glioblastoma multiforme: a molecular
genetic analysis. Case report. J Neurosurg 2001; 
95:138–42.

83 Komori T, Scheithauer BW, Anthony DC, et al. Papillary
glioneuronal tumor: a new variant of mixed neuronal-glial
neoplasm. Am J Surg Pathol 1998; 22:1171–83.

84 Prayson RA. Papillary glioneuronal tumor. Arch Pathol Lab Med
2000; 124:1820–3.

85 Bouvier-Labit C, Daniel L, Dufour H, Grisoli F, 
Figarella-Branger D. Papillary glioneuronal tumor:
clinicopathological and biochemical study of one case
with 7-year follow up. Acta Neuropathol (Berl) 2000;
99:321–6.

86 Hassoun J, Soylemezoglu F, Gambarelli D, Figarella-Branger D,
von Ammon K, Kleihues P. Central neurocytoma: a synopsis of
clinical and histological features. Brain Pathol 1993;
3:297–306.

87 Jay V, Edwards V, Hoving E, Rutka J, Becker L, Zielenska M,
Teshima I. Central neurocytoma: morphological, flow
cytometric, polymerase chain reaction, fluorescence in situ
hybridization, and karyotypic analysis, Case report. 
J Neurosurg 1999; 90:348–54.

88 Mackenzie IR. Central neurocytoma: histologic atypia,
proliferation potential and clinical outcome. Cancer 1999;
85:1606–10.

89 Giangaspero F, Cenacchi G, Losi L, Cerasoli S, Bisceglia M,
Burger PC. Extraventricular neoplasms with neurocytoma
features. A clinicopathological study of 11 cases. Am J Surg
Pathol 1997; 21:206–12.

90 VandenBerg SR. Desmoplastic infantile ganglioglioma and
desmoplastic cerebral astrocytoma of infancy. Brain Pathol
1993; 3:255–68.

91 Taratuto AL, Sevlever G, Schultz M, Gutierrez M, Monges J,
Sanchez M. Demoplastic cerebral astrocytoma of infancy
(DCAI). Survival data of the original series and report of
two additional cases, DNA, kinetic and molecular genetic
studies. Brain Pathol 1994; 4:423.

92 Daumas-Duport C. Dysembryoplastic neuroepithelial
tumours. Brain Pathol 1993; 3:283–95.

93 Lellouch-Tubiana A, Bourgeois M, Vekemans M, Robain O.
Dysembryoplastic neuroepithelial tumors in two children
with neurofibromatosis type 1. Acta Neuropatol (Berl) 1995;
90:319–22.

94 Mena H, Nakazato Y, Jouvet A, Scheithauer BW. Pineal
parenchymal tumours. In: Kleihues P, Cavanee WK (eds)
Pathology and Genetics of Tumours of the Nervous System.
Lyon: IARC Press, 2000; pp. 116–21.

95 Juovet A, Saint-Pierre G, Fauchon F, et al. Pineal parenchymal
tumors: a correlation of histological features with prognosis
in 66 cases. Brain Pathol 2000; 10:49–60.

96 Schild SE, Scheithauer BW, Schomberg PJ, et al. Pineal
parenchymal tumors. Clinical, pathologic, and therapeutic
aspects. Cancer 1993; 72:870–80.

97 Davidson GS, Hope JK. Meningeal tumors of childhood.
Cancer 1989; 63:1205–10.

98 Germano IM, Edwards MS, Davis RL, Schiffer D. Intracranial
meningiomas of the first two decades of life. J Neurosurg
1994; 80:447–53.

99 Louis DN, Budka H, von Deimling A. Meningiomas. In:
Kleihues P, Cavanee WK (eds) Pathology and Genetics of
Tumours of the Nervous System. Lyon: IARC Press, 2000; 
pp. 176–84.

100 Perilongo G, Sutton L, D’Angio JG, et al. Childhood
meningiomas. Experience in the modern imaging era.
Pediatr Neurosurg 1992; 128:12–19.

101 Zorludemir S, Scheithauer BW, Hirose T, et al. Clear cell
meningiomas. A clinicopathologic study of a potentially
aggressive variant of meningioma. Am J Surg Pathol 1995;
19:493–505.

102 Perry A, Stafford SL, Scheithauer BW, Suman VJ, Lohse CM.
Meningioma grading: an analysis of histologic paramenters.
Am J Surg Pathol 1997; 21:1455–65.

103 Giangaspero F, Guiducci A, Lenz FA, Mastronardi L,
Burger PC. Meningioma with meningiomatosis: a condition
mimicking invasive meningiomas in children and young
adults. Report of two cases and review of the literature.
Am J Surg Pathol 1999; 23:872–5.

94 Pathology and molecular classification



References 95

104 Perry A, Scheithauer BW, Stafford SL, Abell-Aleff PC,
Meyer FB. “Rhabdoid” meningioma: an aggressive variant.
Am J Surg Pathol 1998; 22:1482–90.

105 Ludwin SK, Rubinstein LJ, Russel DS. Papillary meningiomas
a malignant variant of meningioma. Cancer 1975;
36:1363–73.

106 Bouvier C, Zattara-Canoni H, Daniel L, Gentet JC, Lena G,
Figarella-Branger D. Cerebellar papillary meningioma in a
3-year-old boy: the usefulness of electron microscopy for
diagnosis. Am J Surg Pathol 1999; 23:844–8.

107 Perry A, Scheithauer BW, Stafford SL, Lohse CM, Wollan PC.
“Malignancy” in meningiomas: a clinicopathologic study of
116 patients, with grading implications. Cancer 1999;
85:2046–56.

108 Leone PE, Bello MJ, de Campos JM, et al. NF2 gene 
mutations and allelic status of 1p,14q, 22q in sporadic
meningiomas. Oncogene 199; 18:2231–39.

109 Cai DX, Banerjee R, Scheithauer BW, Lohse CM,
Kleinschmidt-Demasters BK, Perry A. Chromosome 1p and
14q FISH analysis in clinicopathologic subsets of
meningiomas: diagnostic and prognostic implications.
J Neuropathol Exp Neurol 2001; 60:628–36.

110 Bjornsson J, Scheithauer BW, Okazaki H, et al. Intracranial
germ cell tumors: pathological and immunohistochemical
aspects of 70 cases. J Neuropathol Exp Neurol 1985;
44:32–46.

111 Rosenblum MK, Matsutani M, Van Meir EG. CNS germ cell
tumours. In: Kleihues P, Cavanee WK (eds) Pathology and
Genetics of Tumours of the Nervous System. Lyon: IARC
Press, 2000, pp. 208–14.

112 Shaffrey ME, Lanzino G, Lopes MBS, et al. Maturation of
intracranial immature teratomas. Report of two cases.
J Neurosurg 1996; 85:672–6.

113 Watanabe T, Makiyama Y, Nishimoto H, Matsumoto M,
Kikuchi A, Tsubokawa T. Metacronous ovarian
dysgerminoma after a suprasellar germ-cell tumor treated

by radiation therapy. Case report. J Neurosurg 1995;
83:149–53.

114 Losi L, Polito P, Hagemeijer A, Buonamici L, Van den Berghe H,
Dal Cin P. Intracranial germ cell tumour (embryonal
carcinoma with teratoma) with complex karyotype including
isochromosome 12p. Virchows Arch 1998; 433:571–4.

115 Kim SK, Cho BK, Paek SH, et al. The detection of p53 gene
mutation using a microdissection technique in primary
intracranial germ cell tumors. Int J Oncol 2001; 18:111–16.

116 Thapar K, Kovacs K. Neoplasms of the sellar region. In:
Bigner DD, McLendon RE, Bruner J (eds) Russell and
Rubinstein’s Pathology of Tumours of the Nervous System,
6th edition. London: Arnold, 1989; pp. 629–40.

117 Gorski GK, McMorrow LE, Donaldson MH, Freed M. Multiple
chromosomal abnormalities in a case of craniopharyngioma.
Cancer Genet Cytogenet 1992; 60:212–13.

118 Brat DJ, Hirose Y, Cohen KJ, Feuerstein BG, Burger PC.
Astroblastoma: clinicopathologic features and chromosomal
abnormalities defined by comparative genomic hybridization.
Brain Pathol 2000; 10:342–52.

119 Cummings TJ, Hulette CM, Longee DC, Bottom KS,
McLendon RE, Chu CT. Gliomatosis cerebri: cytologic and
autopsy findings in a case involving the entire neuraxis.
Clin Neuropathol 1999; 18:190–7.

120 Brat DJ, Scheithauer BW, Staugaitis SM, Cortez SC, Brecher K,
Burger PC. Third ventricular chordoid glioma: a distinct
clinico-pathologic entity. J Neuropathol Exp Neurol 1998;
57:283–90.

121 Brustle O, Ohgaki H, Schmitt HP, Walter GF, Ostertag H,
Kleihues P. Primitive neuroectodermal tumors after
prophylactic central nervous system irradiation in children.
Association with an activated K-ras gene. Cancer 1992;
69:2385–9.

122 Brat DJ, James CD, Jedlicka AE, et al. Molecular genetic
alterations in radiation-induced astrocytomas. Am J Pathol
1999; 154:1431–8.



This page intentionally left blank 



PART III
Diagnosis and treatment
planning

6 Clinical syndromes 99
Jonathan A. G. Punt

7 Diagnostic imaging 107
Timothy Jaspan, with contribution from Paul D. Griffiths

8 Clinical trials 162
Richard Sposto



This page intentionally left blank 



INTRODUCTION

Until 25 years ago, there were many barriers to the timely
diagnosis of brain and spinal tumors in children. Few
family doctors or pediatricians had a good grasp of clin-
ical neurology. The radiological modalities available were
concentrated in specialist centers, and in general access
to them was only through sometimes less than accessible
colleagues in the form of neurosurgeons or neurologists,
often at institutions some way from the child’s home.
Before the advent of computed tomography (CT) scanning
in the late 1970s, and magnetic resonance imaging (MRI)
in the mid-1980s, investigation of a child suspected of
harboring a brain or spinal tumor was a truly frightening
experience for all concerned. Investigations were invasive,
painful, and even dangerous. The most frequently used
modalities of imaging were ventriculography, for suspected
intracranial mass lesions, and myelography, for sus-
pected intraspinal tumors. Textbooks often painted pic-
tures of late stages in disease processes, emphasizing the
importance of rather gross physical signs. Pediatricians were
reluctant to refer children until clinical features were rela-
tively far advanced, with the consequence that the neuro-
surgeon was faced all too often with the prospect of a child
in poor condition and with advanced neurological disease.

In countries enjoying a level of technology appropri-
ate to the third millennium, these problems should now
be a matter of historical curiosity. Whereas it has often
been suggested over the past decade that the only indi-
cation for performing a neurological examination is a
negative CT or MRI scan, such an approach is far from
the truth.

It is precisely because there is the real possibility of
making diagnoses early that proper attention to symptoms
is all the more important. This chapter will draw heavily
on the experiences of personal clinical and medicolegal
practice to emphasize the possibilities and the pitfalls.

SYNDROMES OF RAISED INTRACRANIAL
PRESSURE

In children, the predilection for tumor location in or
adjacent to the cerebral midline makes raised intracranial
pressure through the mechanism of hydrocephalus a fre-
quent feature. Solid or cystic tumors can attain consider-
able size, the effects of which may be exaggerated by
cerebral edema and ventricular dilatation. The younger child
in particular may hide a sizable mass in a non-dominant
frontal or temporal location, producing only features of
intracranial hypertension rather than focal neurology. In
infancy, the initial features will be of rather non-specific
irritability and vomiting. The latter may be mistaken for
the much more commonly encountered gastrointestinal
upsets of infancy. Persistent or regularly recurrent vomit-
ing, without other concomitants of gastrointestinal 
disturbance, should raise the suspicion of intracranial
pathology. With more slowly progressive intracranial
hypertension, infants may show a disproportionately
accelerating rate of growth in head circumference. Babies
will display a tense anterior fontanelle and distended scalp
veins. Downward, divergent deviation of the eyes may
occur with severely raised intracranial pressure in babies
and infants, regardless of whether there is hydrocephalus.
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It is important to understand that the features of raised
intracranial pressure in infancy are not synonymous with a
diagnosis of “simple” infantile hydrocephalus, and other
possibilities must always be considered. Cranial ultra-
sound scanning, frequently used by pediatricians as a
screening test in babies and infants, may easily overlook a
posterior fossa mass, especially if the radiologist is asked
simply whether there is hydrocephalus.

The infant with a rapidly enlarging head and who is
clearly unwell is more likely to have a neoplasm than the
other causes of infantile hydrocephalus. Occasionally, an
older child with tumoral hydrocephalus is encountered
with an abnormally large head circumference; such a
finding indicates that there has been intracranial hyper-
tension since before the child was around five years of
age. Such a long evolution may augur benign histology.
The child who has reached speech age will usually com-
plain of headaches, although the much-hallowed history
of early-morning headaches, with or without vomiting,
is relatively unusual. The only characteristic feature of the
headaches of raised intracranial pressure is, in fact, their
novelty for that patient. Many attempts have been made
to create algorithms for the investigation of headaches in
childhood. Although it must be acknowledged that tumor
is a rare cause compared with more benign and banal
conditions, such as migraine and scalp tension, it cannot
be denied that it must be among the most serious. Given
the relative lack of hazard accompanying CT and MRI
compared with the risks involved in missing raised
intracranial pressure, whether tumoral or otherwise, it is
difficult to accept that there is any logical or reasonable
basis for failing to obtain cranial imaging in children of
any age who present with novel or recurrent headaches.

The absence of papilledema can never be taken as an
indication that headaches are not due to raised intracra-
nial pressure, especially if the observer is less than skilled
at examining the fundi. The presence of raised intra-
cranial pressure is suspected on the history, and hence

definitive imaging is obligatory as the only sure method
of excluding the presence of an intracranial mass.

Later features of raised intracranial pressure (see box
above) include:

• diplopia due to sixth cranial nerve dysfunction;

• visual failure due to papilloedema;

• neck stiffness and disturbed neck posture;

• deteriorating consciousness.

FOCAL NEUROLOGICAL DISTURBANCES

With midline lesions, whether above or below the tento-
rium cerebelli, the features of raised intracranial pressure
tend to predominate. Lateralized cerebral hemisphere
lesions may produce focal features appropriate to their
location. Thus, frontoparietal lesions may cause contralat-
eral motor weakness, frontal lesions may cause altered
mood and behavior, and occipital lesions may cause hemi-
anopic visual loss. Lesions in the posterior frontal and
superior temporal parts of the dominant (usually the left)
cerebral hemisphere will produce dysphasia in children of
speech age. With respect to disturbance of speech and
language, the importance of inquiring after handedness is
very frequently forgotten in the pediatric setting.

Deeply placed lesions in the thalamus and basal ganglia
produce profound contralateral hemiparesis and, occa-
sionally, disturbances of posture. Occasionally, a tumor
in the thalamus or basal ganglia produces a movement
disorder, such as a tremor.

Below the tentorium cerebelli, lesions in the cerebellar
vermis frequently show no focal features but may produce
truncal ataxia, and lesions in the cerebellar hemispheres
may show relatively mild ipsilateral limb ataxia. The rela-
tive paucity of focal neurological disturbance, and the pre-
dominance of features of raised intracranial pressure, may
be factors in any failure to recognize the real significance of
headaches. The absence of neurological features does not
diminish the need for imaging in cases of novel headache.

By contrast, intrinsic lesions in the pons and medulla
oblongata produce marked neurological disturbance in
terms of eye movement disturbance, impairment of swal-
lowing, changes in voice, and both weakness and clumsi-
ness of the limbs, while being relatively free of features of
raised intracranial pressure. One unusual but character-
istic presentation of an intrinsic medullary tumor in
infancy is poor feeding and vomiting, producing unex-
plained failure to thrive. The rare extra-axial masses in
the posterior cranial fossa, such as acoustic nerve tumors
and chordomas, may also produce dysfunction of one or
more of the lower cranial nerves. The extra-axial compo-
nent of an exophytic brainstem tumor may also impact
on the lower cranial nerves.
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Urgent symptoms of intracranial tumors

The features that signal imminent danger and that
dictate immediate action are:

• severe headaches;

• neck pain and stiffness, especially when
associated with extension of the head and neck;

• visual failure, whether progressive or
intermittent;

• altered consciousness;

• episodes of decerebrate posturing;

• status epilepticus;

• altered cardiorespiratory function.



It is important to note that cerebellar ataxia may be 
a false localizing sign produced either by hydrocephalus or
by a large frontal or temporal mass, especially in the non-
dominant cerebral hemisphere. Thus, the features of raised
intracranial pressure accompanied by ataxia may indicate
a supratentorial rather than an infratentorial mass.

Epilepsy and brain tumors

Unlike in adults, epilepsy is a relatively unusual presenting
feature of childhood brain tumors, probably due to the
relative rareness of intrinsic primary and secondary cere-
bral-hemisphere tumors and extrinsic meningeal tumors
in childhood. Epilepsy is very unusual in midline supra-
tentorial, cerebellar, and brainstem tumors. Very few chil-
dren who present with a seizure disorder will have a brain
tumor. That notwithstanding, it is difficult to understand
the logical basis for not investigating by MRI all new cases
of childhood seizure disorder to look for a structural cause
of some sort. It has to be in the best interest of the child to
establish a cause for epilepsy if this is possible. This is espe-
cially the case for children whose seizures include focal
features. Oligodendrogliomas seem to have a particular
tendency to present with seizures. Status epilepticus may
be a presentation of an intrinsic frontal lobe tumor.

A number of children undergoing investigation with 
a view to surgical treatment for medically intractable
epilepsy, especially those with complex partial seizures 
of temporal lobe origin, will have brain tumors of low
histological grade, usually astrocytomas, gangliogliomas,
or dysembryoplastic neuroepithelial tumors (DNTs).

In patients with an established seizure disorder, a
change in the seizure pattern or increasing difficulty with
seizure control may mark the progression of a causative
tumor. This is particularly the case in children with par-
tial epilepsy that becomes difficult to control. Children
with epilepsy in relation to tuberous sclerosis may display
deteriorating seizure control if they develop subependy-
mal giant-cell astrocytomas around the interventricular
foramina. It should also be remembered that neurofibro-
matosis type 1 (NF-1) and tuberous sclerosis predispose to
the development of both intracranial tumors in childhood
and seizure disorders.

A very rare, but highly specific, seizure disorder is that
of gelastic epilepsy, which can be symptomatic of a hypo-
thalamic hamartoma.

Epilepsy can also arise in the course of treatment of
brain tumors, either as a manifestation of disease pro-
gression or as the result of local irritation from surgical
interventions, including ventricular shunts, or secondary
to metabolic derangements such as hyponatremia and
hypomagnesemia.

It is crucially important not to mistake the paroxysmal,
opisthotonic, extensor spasms of severely raised intra-
cranial pressure for epileptic seizures. Too ready, and

erroneous, acceptance of “fitting” as a diagnosis in a child
who is displaying the posturing of raised intracranial
pressure takes the child one step nearer to death or severe
permanent disability.

OPHTHALMIC MANIFESTATIONS

Disturbance of some aspect of visual function is very
common in children with intracranial tumors. The range
of abnormalities encountered is shown in the box below.
Each abnormality can occur as a result of direct compres-
sion or invasion of neural tissue, or as an indirect effect of
raised intracranial pressure.

Visual acuity

Visual acuity may fail from direct invasion of the optic
nerves, the optic chiasm, or, less frequently, the optic
tracts by low-grade astrocytomas of the chiasmatic-
hypothalamic region, and from direct compression from
craniopharyngiomas. The aforementioned are two of the
most frequently encountered supratentorial neoplasms
in childhood. Lesions seen less frequently include germ-
cell tumors of the anterior third ventricle, pituitary ade-
nomas, and tumors of the skull base, such as chordomas
and metastatic neuroblastoma. Malignant histiocytoses,
metastatic retinoblastoma, and malignant lymphomas
may all, rarely, involve the optic nerves and chiasm. Loss
of color vision is seen early in compressive lesions of the
optic nerves and chiasm, but this will be detected only in
children of appropriate age and development.

More common than any of these is indirect loss of
visual acuity as a consequence of severe papilledema due
to unrelieved raised intracranial pressure. Visual acuity
secondary to intracranial hypertension may fail progres-
sively, or the child may display intermittent obscurations
of vision, during which vision becomes blurred, gray, or
black or is even lost completely. Such obscurations may
affect either eye or both eyes, together or separately.

The true significance of papilledema is the very 
real propensity for it to progress to optic atrophy and
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Ophthalmic features of childhood brain tumors

Ophthalmic features include:

• failing visual acuity;

• disorders of eye movement and ocular posture;

• reduction in visual field;

• fundal abnormalities;

• loss of pupillary reflexes;

• ocular features of phakomatoses.



permanent visual loss. Any child who is found to have
papilledema is at risk of blindness and should have the
visual acuity monitored carefully. Once vision starts to
fail, there may be progressive loss even when the pressure
is relieved. This danger continues after surgical decom-
pression. Extreme vigilance is required postoperatively,
especially following removal of posterior fossa tumors,
lest persistent or recurrent hydrocephalus threatens vision.
This is particularly important in the case of children whose
care is transferred from the neuroscience service to the
oncology service, perhaps in a different institution.

The assessment of visual acuity, and the recognition
of visual loss, is difficult in childhood, and children of pre-
speech age can only be assessed by careful observation of
behavior. Children in the first decade of life frequently do
not report visual loss. Direct inquiry should always be
made regarding visual symptoms. The author recalls one
child in whom severe visual loss due to a chiasmatic
glioma was discovered only when it was found that she was
relying on her Labrador to fulfil her newspaper deliveries.
Sadly, children may show features of failing vision that are
ignored by the carer or by the physician, and visual loss
may be regarded by the ophthalmologist simply as
“amblyopia” secondary to squint or even attributed to
behavioral disturbance. The error may be compounded by
regarding associated headaches as being due to “eyestrain.”

Any child who shows progressive loss of visual acuity,
whether unilateral or bilateral, and whose acuity can not
be improved to 6/9 or better by refraction, must be assumed
to have a compressive or infiltrative lesion of the anterior
visual pathways until proved otherwise by high-quality,
dedicated MRI. Reliance on plain skull radiographs for
this purpose is not adequate; in addition, axial CT may
miss lesions near the skull base.

Disorders of eye movement and ocular
posture

Such disorders are common, the most frequent being the
unilateral or bilateral convergent strabismus resulting
from weakness or paralysis of the sixth cranial nerves
secondary to raised intracranial pressure. Loss of visual
acuity and restriction of visual field may lead to a failure
to develop, or a loss of, conjugate gaze.

Direct involvement of the neural pathways control-
ling eye movement is a major feature of intrinsic tumors
of the brainstem. It is also seen in children with focal
lesions in the pineal region due to disturbance of the tec-
tal plate of the midbrain, resulting in a combination of
loss of upgaze, impaired accommodation, and abnormal
pupillary reflexes, often referred to as Parinaud’s syndrome,
although the features are frequently incomplete. Children
with lesions in this region may show recrudescence of eye
movement disturbance, even following successful control

of disease, if they develop hyponatremia due to postop-
erative metabolic imbalance. Hydrocephalus per se can
produce failure of upgaze or downward divergent gaze
due to distortion of pathways in the rostral midbrain.

In its most extreme form, this constitutes the “sunset-
ting” more often encountered in babies with non-tumoral
hydrocephalus. Sunsetting can also be observed in babies
and infants with severely raised intracranial pressure
from any cause, including massive solid tumors that are
not producing hydrocephalus. It is important to remem-
ber that the most frequent ophthalmic manifestation of a
blocked ventricular shunt is loss of previously present
upgaze; this is a more reliable sign than papilledema. In
the follow-up of children with hydrocephalus shunts or
third ventriculostomies, it is a wise precaution to check
and record whether upgaze is full in health, as this can be
referred to at times of recurrent symptoms. A rarely seen,
but highly characteristic, disorder of eye posture is the
rhythmic 2–3-Hz oscillatory movements of the head pro-
duced by lesions in or around the anterior third ventricle
or by dilation of the third ventricle by hydrocephalus – the
bobble-head doll syndrome. Rarer still are the paroxysmal,
rapid, chaotic eye movements associated with jerking of
the limbs seen as a non-metastatic manifestation of neu-
roblastoma – opsoclonus-myoclonus encephalopathy.

Visual field loss

This can involve central or peripheral fields of vision as a
consequence of direct invasion or compression. Excep-
tionally, a chronically enlarged third ventricle can produce
chiasmal compression. The blind spot can enlarge sec-
ondary to peripapillary edema in severe papilledema.
Severe hydrocephalic crises can cause cortical visual loss
due to occipital ischemia secondary to central transten-
torial herniation and distortion of the posterior cerebral
arteries. Severe unilateral uncal herniation can produce
ipsilateral occipital infarction and a resultant contra-
lateral hemianopia.

Formal evaluation of visual fields requires a degree of
sophistication, but even in very young children an impres-
sion can be gained from the child’s spontaneous behavior
and responses to appropriate stimuli. Loss of visual field
can produce eye movement disturbance; if severe, there
will be frank breakdown of conjugate gaze. Children with
bitemporal hemianopia due to chiasmatic lesions may
display a divergent pattern of squint.

Fundal abnormalities

Fundal abnormalities that may be seen are papilledema,
occasionally with peripapillary hemorrhages, and optic
atrophy. The latter may result from the direct effects of
invasion or compression, such as from craniopharyngioma
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or anterior visual pathway astrocytoma. After the insults
of prematurity, the most common cause of optic atrophy
in infancy is intracranial tumor. As has been already 
indicated, the overriding importance of papilledema is
that its presence may herald visual loss. Some children
with long-standing neoplasms in and around the optic
nerves and chiasm may have very small optic discs.

Pupillary abnormalities

These include loss of the light reflex, which can result from
severe loss of acuity due to optic nerve dysfunction from
direct destruction or may be secondary to raised intra-
cranial pressure. With relative impairment of optic nerve
conduction, there may be an afferent pupillary defect,
whereby the pupil in the affected eye dilates rather than
constricts when subjected to a bright light. The pupillary
light reflex may be lost if there is severe uncal herniation,
but this will almost invariably have been heralded and
preceded by reduction in conscious level.

Impairment of the pupillary light reflex in association
with disturbance of upgaze is seen with pineal-region
masses and lesions in the dorsal part of the rostral 
midbrain.

General examination of the eye

A general eye examination may show the abnormalities
associated with the phakomatoses, namely iris hamar-
tomas (Lisch nodules) in NF-1 and peripapillary retinal
hamartomas in tuberous sclerosis.

NEUROENDOCRINE, GROWTH, AND
NUTRITIONAL DISTURBANCES

Most children with malignant intracranial tumors will
have lost some weight, often in excess of that which
might be expected from the amount of vomiting. This
seems to be a particular feature in infants, and may in
itself require attention before embarking upon major
intracranial surgery. Young children with hypothalamic
tumors may present with failure to thrive; older children
may present with delayed puberty and hypothalamic
wasting disorders (the diencephalic syndrome). The
author has seen a number of children with craniopharyn-
giomas and extreme inanition who were diagnosed erro-
neously as having anorexia nervosa. Children with slowly
progressive intrinsic lesions of the medulla oblongata can
present in infancy as failure to thrive, usually associated
with repeated vomiting. On occasion, many years can
elapse before neurological features develop. The author
has encountered a number of children with holocord
spinal tumors and who have developed severe weight loss
and anorexia, often associated with depression.

Tumors in and around the hypothalamus often cause
neuroendocrine disturbances. The most frequently
encountered lesions are craniopharyngiomas and astro-
cytomas, and the function that is most often impaired is
growth hormone secretion. It is therefore important to
include inquiries and measurement of growth in any
clinical evaluation. The finding of clinical features of
slowing down of growth velocity should increase the
clinical suspicion of the presence of a structural lesion of
the hypothalamus.

Once the diagnosis of a craniopharyngioma or hypo-
thalamic glioma is established by imaging, it is important
to involve a pediatric endocrinologist in the formal assess-
ments of corticosteroid and thyroid function, as failure to
identify and correct these before any surgical intervention
may prove dangerous or even fatal. Diabetes insipidus is
unusual preoperatively in craniopharyngiomas, but it is a
common presenting feature in germ-cell tumors involv-
ing the anterior third ventricle and in malignant histio-
cytoses, sometimes preceding any other symptoms by
many months. Pituitary adenomas are rare in childhood,
but the hypersecretory endocrine syndromes of pituitary-
driven Cushing’s disease and of gigantism are encoun-
tered occasionally.

Children with pineal-region tumors may develop pre-
cocious puberty.

Children with NF-1 may display systemic symptoms
due to pheochromocytoma. Children with neuroblastoma
may exhibit diarrhea due to production of gastrointesti-
nal peptide hormones. The importance of examining the
whole patient, especially the skin, merits reiteration. The
cutaneous manifestations of NF-1 and tuberous sclerosis
(see box below) should be sought in the patient and, if
relevant, also in the parents.
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Cutaneous manifestations of the phakomatoses

Neurofibromatosis type 1
• café-au-lait spots (six or more lesions of diameter

�5 mm in prepubertal children and �15 mm in
postpubertal patients);

• axillary freckles;

• cutaneous neurofibromas (more than two);

• plexiform neurofibromas.

Tuberous sclerosis
• ash-leaf macules;

• shagreen patches;

• adenoma sebaceum;

• periungual fibromas;

• gingival fibromas;

• fibrous plaque on scalp.



BEHAVIORAL AND DEVELOPMENTAL
DISTURBANCES

In general terms, frank behavioral disturbances are very
rarely due to brain tumor. However, more subtle psycho-
logical symptoms are seen quite frequently in certain cir-
cumstances. Parents regularly report that children with
brainstem glioma become withdrawn before the appear-
ance of symptoms of focal neurological dysfunction.
Children with intrinsic frontal and temporal lobe tumors
may display changes in mood. The most frequent observa-
tion from the carer is the identification that their child has
changed, often in an indefinable fashion. Schoolteachers
may report a decline in aptitude and concentration.

Babies and infants with hypothalamic tumors may
show developmental delay out of proportion to any dis-
turbance of vision, nutrition, or neuroendocrine function.

The unwelcome incursion of any severe, frightening,
and debilitating disease at a time of life that is character-
istically associated with good health can be associated
with depression, especially in adolescence, and there is
probably a tendency for secondary mood disturbance to
be under-recognized. This is particularly the case in those
services that do not make age-appropriate arrangements
for the management of adolescents.

SPINAL TUMORS

The first symptom of an intraspinal tumor is frequently
midline or paraspinal pain that is characteristically worse
at night and wakes the child from sleep. With tumors in
the upper spinal canal, neck stiffness is common; a head
tilt may be adopted, or the head and neck may be extended
as if to relieve dural tension. In the lower spinal canal, a
loss of the usual childhood fluidity of movement is seen,
and gait appears stiff. There may be a posture of exagger-
ated lumbar lordosis, and the older patient may observe,
if asked, that the adoption of such a posture relieves pain.
Progressive spinal deformity leading to severe kyphosco-
liosis may be seen. The absence of neurological signs
does not exclude the possibility of tumor, which is often
intrinsic and extensive. Back pain in childhood should
not be attributed to mechanical or psychogenic causes
without very careful consideration, including positive
exclusion of spinal tumor by MRI. Radicular pain may
occur with nerve-sheath tumors and, occasionally, with
very focal intrinsic tumors. The organic nature of such
pains may also be misinterpreted, especially if they occur
in unusual or emotionally sensitive areas, such as the gen-
italia or rectum. The onset and progression of neurolog-
ical symptoms is usually insidious, although hemorrhage
or cystic change may occasionally lead to an abrupt 
presentation. Rarely, a neurofibroma or ependymoma

may present with subarachnoid hemorrhage. Motor symp-
toms predominate over sensory features, the most com-
mon presentation being gait disturbance. Sphincter
disturbance is usually gradual in onset and may also be
mistaken for delay in maturation or psychological in ori-
gin. Recurrent urinary and vaginal infections may develop.

Intradural spinal tumors can be associated with hydro-
cephalus, attributable to very high levels of protein in the
cerebrospinal fluid (CSF); hydrocephalus can even be the
presenting feature, the tumor coming to light only when
there is neurological deterioration following insertion of
a ventricular shunt.

Tumors of paraspinal origin and location, notably
neuroblastoma and ganglioneuroblastoma, and also the
occasional Ewing’s tumor, may invade the spinal canal and
produce symptoms of spinal cord or nerve-root com-
pression. The occasional baby with a congenital neurob-
lastoma may be paraplegic at birth. As well as the local
symptomatology, there may be other features if there is
metastatic disease. Malignant lymphomas can present as
extradural spinal tumors.

It is difficult to comprehend how the combination of
back pain and neurological symptoms in the limbs in a
child or young person could ever fail to register the very
real probability of serious disease. All children with scolio-
sis should undergo MRI to exclude an intraspinal tumor.

SYMPTOMATOLOGY OF EXTENSIVE 
DISEASE AND OF RECURRENCE

Through the use of whole-neuraxis MRI in standardized
imaging protocols, it is now appreciated that extensive
neuraxial and leptomeningeal spread of primary central
nervous system (CNS) tumors at diagnosis, and later in
their course, is more common than was thought previ-
ously. This applies not only to those tumors such as the
primitive neuroectodermal tumors (PNETs) that have a
marked predilection to show neuraxial metastasis, but
also to tumors of histologically lower grades, such as
astrocytomas and oligodendrogliomas. The child who
looks systemically ill but who has a relatively small tumor
with minimal features of raised intracranial pres-
sure probably has a tumor that has already metastasized
through the neuraxis. Spinal-nerve root pain or sphincter
disturbance in a child with an intracranial tumor usually
signals subarachnoid metastases. The child with a spinal
tumor, usually an ependymoma, and who presents with
subarachnoid hemorrhage should be assumed to be at
risk of having developed disseminated disease as a result
of the hemorrhage. Children with raised intracranial
pressure and apparently negative imaging may not have
benign intracranial hypertension (BIH), and this diag-
nosis should be viewed with skepticism in children in
whom there is no apparent reason for having BIH; this is
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especially the case in prepubertal males. The diagnosis
should not be made without whole-neuraxis MRI and
cytological and biochemical examination of the CSF to
exclude diffuse subarachnoid malignancy. Repeat imaging
after an interval is an advisable precautionary measure,
along with regular clinical reviews.

Similarly, unexplained communicating hydrocephalus
outside the infant period requires whole-neuraxis MRI to
exclude extensive malignancy and spinal tumor.

Recurrence of a brain or spinal tumor is usually her-
alded by a return of the original symptoms or appear-
ance of new features, such as epilepsy. Whenever a child
with a hydrocephalus shunt inserted as part of the man-
agement of an intracranial tumor returns with symp-
toms, it is vital to consider whether those symptoms are
consistent with shunt malfunction or whether they are
really those of recurrent or metastatic disease. Unexplained
subdural effusions and recurrent mysterious shunt mal-
functions may herald extensive subarachnoid spread 
of disease. Children with occult leptomeningeal spread
may develop an unexpected encephalopathy when given
chemotherapy. This may relate to an effect of the
chemotherapy itself, possibly through release of excito-
toxic amines, or it may simply be due to fluid loading in
relation to platinum-based chemotherapy. The condition
is usually associated with seizures progressing to status
epilepticus, and it is often fatal. Occasionally, children
with PNETs or intracranial germ-cell tumors may develop
symptoms of systemic spread to bone, bone marrow,
lymph nodes, or the peritoneal cavity; the latter usually
occurs in the presence of a ventricular shunt. The accu-
rate evaluation of children undergoing adjuvant therapy
and surveillance following completion of therapy can
only be accomplished through good multidisciplinary
team working in combined ward units and clinics.

SOURCES OF DIAGNOSTIC ERROR

The author is sadly in a position to attest, not only from
his own clinical experiences but also from a considerable
clinical negligence practice, that after alleged breaches of
duty of care relating to the diagnosis and management 
of hydrocephalus, the failure to make an appropriately
rapid diagnosis of an intracranial or intraspinal tumor
features very large. There is generally a tendency to
believe, erroneously, that intermittent symptoms cannot
be the result of progressive disease. This applies particu-
larly to headache and to visual disturbance. Children may
be seen by physicians by virtue of their regional or system
specialty but who do not have special knowledge of child-
hood illness or the skills required to listen to children and
their carers. In the experience of the author, this applies
particularly to adult neurologists, ophthalmic surgeons,
orthopedic surgeons, and rheumatologists.

Teenagers who are seen in adult services are at partic-
ular hazard. Apart from ignorance of the conditions, the
most common source of error is the failure to listen to the
child or the carer and to discard too readily the sense of
the parent that the child is somehow different. The next
most common mistake is an obsession with the necessity
of finding physical signs, the absence of which must never
be regarded as being a reliable indicator of the absence of
serious disease. There is a regrettable tendency to attrib-
ute symptoms that are not accompanied by signs to psy-
chological causes; this applies not only to headache and
backache but also to disorders of vision, sphincter con-
trol, and nutrition.

To ascribe a child’s symptoms erroneously to a psy-
chological response to life events is to ignore the fact 
that the inherent nature of childhood is one of an ever-
changing and evolving environment.

Whereas there is a perception that neoplastic disease
may be far down the list of differential diagnoses, the
consequences of delayed recognition are so great, and the
diagnostic tools so safe and applied so easily, that there is
no competent excuse for failing to employ them. The
risk/benefit analysis makes it only logical and reasonable
that children with symptoms such as headache and back-
ache are investigated by imaging on the basis of the his-
tory and the observations of the carer.

Another source of error relates to imaging, and to the
interpretation of imaging. It is clearly important that the
clinician shares with the radiologist the relevant clinical
data, rather than simply submitting a perfunctory request
that states, for example,“Headaches” or “Fits.” It is impor-
tant that the correct modality of imaging is employed;
although most intracranial tumors in childhood will be
found on an unenhanced CT scan, lesions near the skull
base, small lesions in and around the midbrain and pineal
region, and diffuse lesions in the brainstem may be over-
looked, especially by the non-specialist radiologist work-
ing on minimal clinical information.

Failure to review, reconsider, refer to a specialist 
colleague, or to otherwise make any, or any adequate,
attempt to address persistent symptoms are further
causes for delay. The non-specialist clinician relying too
heavily on the opinion of the non-specialist radiologist 
is the technology era’s version of the blind leading the
blind.

It must be remembered that failure to make a timely
diagnosis may not only prejudice the outcome in terms
of survival but may also lead to avoidable disability, and
it will inevitably have serious adverse effects on the psy-
chological well-being of the carer, and perhaps also the
child, such that the management of the illness becomes
much more difficult. The neuro-oncology team embark-
ing on a lengthy and complicated course of management
for a patient whose family has lost confidence has an
additional hurdle to confront.
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CONCLUSIONS AND DIRECTIONS FOR
FUTURE RESEARCH

Early diagnosis of neuraxial tumors in children can now
be achieved in the vast majority of cases by application
and correct interpretation of appropriate imaging.
Although it needs to be demonstrated that there is a rela-
tionship between lag time from onset of symptoms to
diagnosis and the ability to gain durable control of
disease, there is little doubt that rapid diagnosis has an
impact on avoidable neurological disability, as well as on
the psychological state of the carer, and possibly also the
child. If early diagnosis is to be achieved and improved
upon, then education of doctors and the population is
required. This should be coupled to improved access to
diagnostic imaging and to appropriate specialist medical
care. Those public healthcare systems, such as the UK’s
National Health Service, that introduce “gatekeepers”
must examine and reconsider whether this is really in the
best interest of patients. Research is required to explore
and to develop the optimal models.

It may be that a relatively simple algorithm could be
developed for use by paramedical staff involved in child
health programs. The role of the carer in identifying
changes in the health status of the child must never be
forgotten.

A personal tale of two cities

The year 1983, and a child of 2.5 years is brought to the
emergency room of a large Canadian children’s hospital
by his mother, who is concerned that the child has woken
uncharacteristically early for several consecutive morn-
ings on account of severe headaches, which settle by
breakfast time. She asks to see a neurosurgeon. The child
is seen in the emergency room by the then chief of serv-
ice. CT is performed the same day, revealing a benign
cerebellar astrocytoma, which is removed the next day.
Recovery is uneventful.

Move on 18 years. The year 2001, and a child of simi-
lar age, with very similar symptomatology, is brought 
to the emergency room of a large UK teaching hospital.
Despite there being a pediatric neurosurgeon on site, and
available to be consulted, it takes three attendances and
two admissions over a number of weeks before imaging
is considered and a specialist opinion is sought, by which
time there are severe neurological deficits, a very ill child,
and distraught parents. Some healthcare systems clearly
have to serve children better.
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INTRODUCTION

Central nervous system (CNS) tumors are now the com-
monest group of tumors in childhood, accounting for
25–30 per cent of all pediatric cancers. Primary tumors
account for over 99 per cent of CNS tumors at this age.
This chapter deals with issues related to imaging of tumors
of the brain and spine. Particular emphasis will be given to
the appropriate imaging modalities, techniques, protocols,
and pitfalls of imaging encountered.

Radiological imaging of infants and children with
suspected CNS tumors is often complex and requires close
interaction with the other specialties involved in their
management. As such, the imaging should be undertaken
in tertiary centers or in close conjunction with referring
institutions, according to specified protocols and guide-
lines for reporting. It is increasingly evident that radio-
logical imaging of childhood CNS tumors should be
undertaken as part of a multidisciplinary team, working
in close conjunction with a range of specialties, including
neurosurgeons, oncologists, radiotherapists, and pathol-
ogists. Imaging must cater for the specific requirements
of the diagnostic, treatment-planning, and monitoring
phases of the management of these children.

AIMS OF IMAGING

Imaging should be directed at:

• diagnosing the lesion, its origin, local extent, and
presence of metastatic spread;

• differentiating tumors from granulomatous and
infectious processes, hamartomas, vascular
malformations, and heterotopias;

• directing appropriate management, including
surgical planning, biopsy site selection, and radiation
therapy planning;

• diagnosing tumor-related secondary complications,
such as hydrocephalus, edema, intratumoral hemor-
rhage, and compressive cysts and brain herniation;

• diagnosing treatment-related complications;

• monitoring tumor progress or response to therapy.

IMAGING MODALITIES

The primary imaging modalities employed are computed
tomography (CT) and magnetic resonance imaging (MRI).
Ultrasound, single-photon-emission computed tomo-
graphy (SPECT), positron-emission tomography (PET),
and catheter angiography are used in selected cases and as
research tools. The radiological modalities available for
the evaluation of pediatric neuraxial tumors are discussed
below.

Skull radiography

Plain skull radiography has no role in the investigation 
of suspected CNS tumors other than for specific issues
related to the skull, such as evaluating the need for restora-
tive cranial surgery and infection of surgical bone flaps.
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Computed tomography

Children will often present to a community or district
hospital staffed by general pediatricians for the investiga-
tion of suspected neurological disorders or with an acute
neurological crisis. In many institutions, CT will be under-
taken as the first line of investigation. This is because of its
ubiquity, tolerance of life-support equipment, speed of
scanning (often less than five to ten minutes of scanning
time), and the relative simplicity of the diagnostic infor-
mation provided.

Magnetic resonance imaging

The evaluation of neuraxial tumors is undertaken most
completely and accurately by MRI. MRI is more sensitive
than CT and demonstrates more fully and accurately the
extent of the disease.1 Preoperative evaluation by MRI
provides the best platform for treatment decision-making
and planning as well as for assessing the outcome of thera-
peutic interventions, and now forms the basis for all child-
hood CNS tumor treatment and investigative protocols.

Ultrasound

The value of ultrasound in the evaluation of neuraxial
tumors is governed by the presence of an acoustic win-
dow. Patency of the anterior fontanelle provides access 
to the intracranial compartment, providing diagnostic
information up to the first six to nine months of life.
The quality of information provided is limited, however,
and follow-up monitoring of the disease is curtailed by 
progressive closure of the fontanelle. Spinal imaging is
dependent upon an even more limited temporal window.
Progressive ossification of the posterior neural arches dur-
ing the second to third months of life results in diminish-
ing visualization of the thecal sac and cord. Paraspinal
structures and tumors located at these sites may, however,
be assessed, coupled with an examination of the abdomi-
nal contents. Sacrococcygeal lesions are also amenable to
ultrasonic examination. The need to examine the entire
neuraxis, however, limits the overall value of this modality.

Intraoperative ultrasound

The ability to guide and monitor tumor biopsies or resec-
tion interactively has secured some enthusiastic propo-
nents of this technique. Ill-defined infiltrative tumors may
be difficult to identify surgically but are often clearly
apparent sonographically due to the differential echotex-
ture of the tumor compared with normal adjacent brain.
Future development of neuronavigational techniques and
real-time intraoperative MRI may, however, supersede
ultrasound in this capacity.

Intraoperative spinal ultrasound scanning can be very
useful in delineating tumor margins and clearly defines
tumoral and non-tumoral cysts. The ability to image the
cord before opening the dura is an added advantage and
may help surgical planning and selection of a biopsy site.

Catheter angiography

Modern imaging techniques have replaced angiography
in the diagnosis of pediatric craniospinal tumors. There
remains a limited role in the management of selected
tumors, when superselective catheterization of vessels
supplying a tumor and subsequent embolization may be
beneficial in the perioperative management, diminishing
tumor vascularity to improve intraoperative conditions.
Local chemotherapy may also be undertaken in selected
circumstances.2

Magnetic resonance spectroscopy

Magnetic resonance spectroscopy (MRS) is employed
increasingly in the evaluation of pediatric brain tumors.
Tissue function may be inferred by measuring the com-
position of selected metabolites within a region(s) of
interest in the brain. The hydrogen proton is employed
most widely in view of its abundance. Modern magnetic
resonance scanners now permit MRS and conventional
MRI to be undertaken using the same radiofrequency
surface coil, with increasingly automated analysis of the
spectroscopic data. Consequently, MRS may now be
undertaken as an additional sequence at the end of a rou-
tine magnetic resonance examination with relatively little
additional imaging time.

Single-voxel MRS, the analysis of a small volume 
(�8 cm3) of tissue using a stimulated echo sequence
point-resolved spectroscopy (PRESS) or stimulated-echo
acquisition mode (STEAM) is commonly undertaken in
view of the relatively short scan time (five to six minutes).
However, this technique requires additional measurement
of a selected control area of the brain for comparison.
The recent introduction of multi-voxel two-dimensional
(single-slice) and three-dimensional (multi-slice) real-
time chemical shift imaging (CSI), employing 16 small
voxels per slice, permits evaluation of larger areas of
the brain that incorporate tumor and normal brain, the
technique being termed “magnetic resonance spectro-
scopic imaging” (MRSI).

The major metabolites are N-acetyl aspartate (NAA;
a marker for neuronal viability and density), creatine (Cr;
a marker for energy metabolism and used as an internal
reference), choline (Cho; involved in cell-membrane
function and integrity), glutamate (Gl), and myoinositol
(mI; an astrocytic marker). The major abnormal metabo-
lites encountered are lactate (La; a marker of cell necrosis)
and lipid (Li). The relative levels for the metabolite peaks
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and metabolite ratios (NAA/Cho, NAA/Cr, Cho/Cr) may
be derived.

In general, abnormal NAA serves as a non-specific
marker of diseased tissue. Tumors generally display
decreased NAA levels, increased choline levels, and variable
lipid, lactate, and creatine levels. The level of choline cor-
relates with the proportion of tumor in the measured 
volume. MRSI is not predictive of histology, but it may be
helpful in evaluating tumor grade and behavior, in the
selection of a stereotactic site to better target parts of a
tumor expressing more aggressive features, and in the dif-
ferentiation between radionecrosis and recurrent tumor.3,4

Perfusion magnetic resonance imaging

Dynamic, first-pass, contrast-enhanced, fast-gradient
echo sequences, either T1- or T2-weighted, are employed
for perfusion imaging and enable quantitative analysis of
the regional cerebral blood flow (CBF) in normal brain
and diseased tissue. The imaging is undertaken following
a bolus injection of a contrast agent; the need for suitable
intravenous access may thus prove problematic in very
young infants. The relative cerebral blood volume (CBV),
a function of tissue perfusion, is derived, which in the
context of oncological investigations reflects tumor
angiogenesis.

Tumor angiogenesis underpins the processes of tumor
growth, progression, and spread. Whereas T1-weighted
contrast images depict areas of breakdown or absence 
of the blood–brain barrier as enhancement, perfusion 
magnetic resonance imaging (pMRI) identifies overall
tumor vascularity and intratumoral variations and may
indicate the proliferative potential and malignancy of a
tumor. Low-grade tumors exhibit low CBV in contradis-
tinction to higher-grade tumors, which are more vascular.3

Differentiation of tumor from radionecrosis, which has
very low CBF, is possible. As with MRS, pMRI may enable
better targeting of stereotactic biopsy sites, selecting
regions of a tumor exhibiting the highest regional CBV
and thus greater malignant and proliferative potential.
Similarly, evaluating response to therapy may be enhanced
by employing pMRI techniques. Restrictions of pMRI
relate largely to inherent susceptibility artifacts associ-
ated with osseous structures (particularly around the
skull base), metallic fragments and implants, calcification,
and hemorrhage.

Single-photon-emission computed
tomography and positron-emission
tomography

SPECT with 201Tl is being used increasingly to evaluate
residual and recurrent brain tumors with a high level of
specificity.5 In patients who have undergone radiation
therapy, high uptake of 201Tl is associated with locally

recurrent tumor, while low uptake is conversely seen in
radiation necrosis. The ability to differentiate high-grade
from low-grade tumors, tumor types, and biological activ-
ity is of unproven value in children,6 except in the context
of brainstem gliomas.7

PET allows quantitative assessment of brain tumor
pathophysiology and biochemistry, providing an index
for the metabolic activity of the lesion. Parameters that
may be evaluated include blood flow, blood volume, oxy-
gen, amino acid and glucose uptake, protein and nucleic
acid synthesis, cerebral pH, and blood–brain barrier
integrity. Unlike SPECT imaging, which is available widely
in most well-equipped centers, PET is, at present, restricted
to a relatively few centers. 18F-Fluorodeoxyglucose (FDG)
is used as a tracer for tumor imaging, being taken up by
cells by mechanisms similar to cellular glucose utilization.

FDG-PET has been used to monitor the response of
tumors to treatment, particularly radiation therapy, and
to assess radiation necrosis. Identification of the meta-
bolically most active parts of a tumor may enable better
targeting for biopsy and differentiation of viable tumor
from necrosis.8 PET has also been used to differentiate
high-grade from low-grade tumors – the higher the grade,
the more hypermetabolic the tumor. Subtle metabolic
changes may be measured with relatively high spatial res-
olution (3–4 mm); however, in terms of differentiating
between high- and low-grade tumors, the sensitivity and
specificity is probably less than with Tl SPECT.9

For both SPECT and PET, computer-assisted 
co-registration with anatomical studies such as CT or
MRI adds to the power of these techniques greatly, as
does close clinical correlation.

Meta-iodobenzylguanidine scintigraphy

Neuroblastomas are some of the commonest solid malig-
nant tumors of childhood; they are metastatic at presen-
tation in 80 per cent of cases. Neuroectodermally derived
tumors, including neuroblastomas and paragangliono-
mas, have been shown to take up meta-iodobenzylguani-
dine (MIBG), an aralkylguanidine noradrenaline analog,
which is iodinated with I-131 or I-123. The sensitivity of
MIBG for detecting primary and secondary neuroblas-
tomas approaches 100 per cent. The sensitivity in detect-
ing sites on a lesion-by-lesion basis is about 80 per cent,
with a 90–95 per cent sensitivity in terms of staging.10 As
the detection and the staging of the disease have a major
impact on the treatment and prognosis, MIBG scanning
has become integral to the management of these tumors.

SEDATION AND ANESTHESIA FOR IMAGING

The decision to image an infant or child needs to be
made in close conjunction with the referring clinician
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and, where necessary, an experienced pediatric anesthetist.
The child needs to keep still for the duration of the exam-
ination, both for CT and, especially, MRI. Children pre-
senting acutely, particularly with clinical features indicative
of raised intracranial pressure, should be imaged under
general anesthesia. Imaging of the entire neuraxis requires
the use of different surface coils to cover both the head
and the spine, extending the length of the procedure. The
sedation must therefore be sufficient to ensure immobility
and handling of the child between imaging of different
body parts, and the administration of contrast agent and
sedation must be sufficiently long-lasting to enable the
examination to be completed safely.

Infants under three months of age may be scanned
following a feed; however, sedation is usually required.
Oral chloral hydrate is used widely in both infants and
older children up to the age of three to four years (dose
50–100 mg/kg), supplemented by rectal paraldehyde for
top-up sedation. Between the ages of three and seven
years, quinalbarbitone (dose 5–10 mg/kg), rectal thiopen-
tone, or oral, buccal, intranasal, or rectal midazolam are
used, the latter with high rates of success. Close monitor-
ing is required before, during, and after administration of
the sedative/anesthetic. Physiological monitoring must
include pulse oximetry and trained nursing or medical
staff supervising the procedure. More comprehensive
magnetic-resonance-compatible monitoring equipment,
including capnography and electrocardiography (ECG),
must be available. The presence of a dedicated sedation
nurse is strongly recommended to ensure optimal coor-
dination with the radiographic staff and correct timing
and administration of the sedation.

Training and parental involvement in the scanner
room may enable the older child (over seven years of age)
to undergo the examination without sedation, particularly
for children undergoing frequent repeat scanning. While
the above sedative agents may be used, there should be a
low threshold for resorting to general anesthesia or con-
trolled sedation undertaken by an appropriately trained
anesthetist.

VENOUS ACCESS

Venous access should be secured before the child has been
sedated and transferred to the imaging suite. Use of a local
anesthetic Emla® cream patch is highly recommended
before attempted vein cannulation. In-dwelling intra-
venous central lines must be used with an appropriate
aseptic technique.

IMAGING PROTOCOLS

The wide range of institutions receiving and investigating
childhood CNS tumors has resulted in a heterogeneous
imaging methodology.11 Because of the relatively small
numbers of cases in each center, it is essential that multi-
center trials be conducted to facilitate research-based ther-
apeutic intervention and overall management of these
children. There is thus a strong need for conformity in the
image acquisition and presentation. An adapted “cook-
book” of MRI is provided in Tables 7.1–7.3, based on the
consensus document produced by the UK Children’s
Cancer Study Group (UKCCSG) and the Société Française
d’Oncologie Pédiatrique (SFOP).12,13

IMAGE PRESENTATION

Conformity in the way images are acquired and pre-
sented is essential for continuity of monitoring tumor
evolution and the efficient analysis of the imaging for
diagnostic and research purposes. All images should be
acquired using the same anatomical landmarks, the scan
pilot displaying the slice orientation being recorded on
each occasion such that all subsequent follow-up imag-
ing employs the same technique. Axial imaging should 
be oriented to a plane parallel to a line drawn from the
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Table 7.1 Supratentorial tumors

Sequence Presentation Immediately postoperative Follow-up

Axial T2 SE or FSE � � �
Coronal T1 SE � � �
Post-contrast T1 SE in � � �
two orthogonal planes
Sagittal T1 SE whole spine � Spinal imaging not Protocol-driven or tumors with high 

performed preoperatively risk of leptomeningeal spread
Axial T1 SE spine if � Spinal imaging not Protocol-driven or tumors with high 
equivocal area(s) performed preoperatively risk of leptomeningeal spread

FSE, fast spin echo; SE, spin echo.



anterior commissure to posterior commissure (AC–PC
axis). Imaging should be undertaken from inferior to
superior in the axial plane, and from right to left in the
coronal and sagittal planes.

TUMOR EVALUATION

Tumor measurement should be based on the enhancing
component of the lesion, where present, recording the
maximal dimensions in at least two and preferably all
three orthogonal planes. There has been recent discussion
about the modes of tumor measurement, including use
of a single maximal dimension14 and three-dimensional
volumes.15 Ultimately, three-dimensional volumetric eval-
uations employing automatic MRI multispectral segmen-
tation techniques (including eigen-image filter and other
semi-automated computer methods) may allow a more
complete assessment of tumors and their response to
therapy and reduce the significant element of intra- and
interobserver errors in manual visual metric methods.15–17

However, most neuro-oncology protocols are currently
based on the use of two or three orthogonal tumor
dimension measurements (visual metric assessment).

In the standard approach, tumor response is based on
a percentage change in the dimensions and categorized

into cure (complete response), partial response (which may
be subdivided further into improvement), stable disease,
and progression.

Follow-up imaging should be evaluated on the basis
of the previous examination. All previous imaging must
be available to assess the magnetic resonance characteris-
tics and enhancement pattern of the lesion at diagnosis
and any morphological evolution, which may aid in the
evaluation of abnormal tissue at the primary or distant
sites. Tumor cysts should not be included in the tumor
volume, as there is no associated proliferative potential.
The cysts, may, however result in the symptomatic pres-
entation of the child and dictate the need for and timing
of surgery.

Presence of distant disease and a qualitative evaluation
of the tumor should be recorded. For non-enhancing
tumors, such as brainstem fibrillary astrocytomas, tumor
measurements are evaluated on the dimensions of the T2
signal abnormality obtained from two orthogonal planes
of imaging.

Tumor response should be by independently verified
measurements obtained not less than four weeks apart,
and are evaluated as follows:

• Complete response: no measurable tumor.

• Partial response: greater than 50 per cent reduction in
tumor volume.
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Table 7.2 Infratentorial tumors

Sequence Presentation Immediately postoperative Follow-up

Axial T2 SE or FSE � � �
Sagittal T1 SE � � �
Sagittal T2 FSE (for BSG) � � �(for BSG)
Post-contrast T1 SE in � � �
two orthogonal planes
Sagittal T1 SE whole spine � Spinal imaging not Protocol-driven or tumors with high risk

performed preoperatively of leptomeningeal spread
Axial T1 SE spine if � Spinal imaging not Protocol-driven or tumors with high risk
equivocal area(s) performed preoperatively of leptomeningeal spread

BSG, brainstem glioma; FSE, fast spin echo; SE, spin echo.

Table 7.3. Spinal tumors

Sequence Presentation Immediately postoperative Follow-up

Sagittal T2 FSE � � �
Sagittal T1 SE � � �
Axial T1 SE through lesion � � �
Sagittal T1 SE post-contrast � � �
Axial T1 SE post-contrast � � �
Cranial post-contrast in two � Cranial imaging not Protocol-driven or tumors 
orthogonal planes undertaken preoperatively with high risk of 

leptomeningeal spread

FSE, fast spin echo; SE, spin echo.



• Improvement: 25–50 per cent reduction in tumor
volume.

• Stable disease: less than 25 per change in volume, or
tumor growth of less than 25 per cent.

• Disease progression: greater than 25 per cent increase
in tumor volume, or appearance of a new tumor.

Leptomeningeal disease is recorded as linear or nodular
enhancement. Thin pial enhancement following surgery
should be regarded as reactive if not present on the 
preoperative scan. Pachymeningeal enhancement in the
intracranial compartment is commonly encountered
postoperatively and may persist for several months or
even years.18

Staging of the extent of surgical resection

The extent of surgical resection may be evaluated by the
following criteria:

• S0: no residual tumor visible.

• S1: residual tumor less than 1.5 cm in diameter.

• S2: residual tumor 1.5 cm or more in largest diameter.

• S3: residual tumor infiltrating the brainstem (for
posterior fossa) or the ventricles (for supratentorial).

• S4: residual tumor extending outside of its natural
compartment e.g. from infra- to supratentorial or
into the spinal canal.

Staging of leptomeningeal tumor

Leptomeningeal tumors are classified as follows:

• M0: no leptomeningeal abnormality.

• M1: tumor cells in the cerebrospinal fluid (CSF)
(more than 14 days after surgery) but no
leptomeningeal disease seen on neuroimaging.

• M2: intracranial leptomeningeal abnormality 
defined by:
– thin laminar layers;
– discrete nodular lesions or thick laminar layers.

• M3: intraspinal leptomeningeal disease defined by:
– thin laminar layers;
– discrete nodular lesions or thick laminar layers.

• M4: metastases outside the CNS.

TUMOR PATTERNS

Approximately one-third of intracranial solid tumors 
in children occur in the supratentorial compartment.
Radiological evaluation of CNS tumors may be analyzed
in terms of anatomical localization in conjunction with the
pathological classification of lesions at each specific site.

Supratentorial tumors

HEMISPHERIC TUMORS

Neuroepithelial tumors
Astrocytomas Almost 50 per cent of cerebral hemi-
spheric tumors are astrocytic in origin,19,20 of which the
astrocytomas are by far the most common. The World
Health Organization (WHO) uses a three-category classi-
fication, with low-grade astrocytoma, anaplastic astro-
cytoma, and glioblastoma multiforme (GBM). The
imaging characteristics and enhancement pattern provide
helpful and often diagnostic information with regard to
tumor grading. However, tumor histological heterogeneity
and biological evolution are such that surgical biopsy is
essential if treatment planning and evaluation are to have
a rational basis. Approximately 70 per cent of astro-
cytomas are infiltrative in nature. Tumor extension is
invariably beyond the confines of the lesion as defined
by CT or MRI.21

Pilocytic astrocytomas Less common than diffuse
fibrillary astrocytomas (vide infra), these tumors are typ-
ically located in the hypothalamus, optic nerves, and optic
chiasm (vide infra), and, to a lesser extent, the thalami
and basal ganglia. Hemispheric locations, particularly
the frontal lobes, are less common. The tumors are well
demarcated, appearing iso- or hypodense on CT scanning.
Calcification is uncommon (less than 10 per cent). Tumor-
related cysts are frequently present. On MRI, the solid
components are isointense on T1- and hyperintense on
T2-weighted images. Cystic elements follow CSF signal
characteristics. Contrast enhancement is usually moder-
ate to marked. Whilst frequently benign and insidious,
the location of the tumor may result in a more aggressive
presentation. Leptomeningeal metastatic spread is seen
occasionally.

Fibrillary astrocytomas Of the diffuse astrocytic
tumors, the low-grade diffuse fibrillary astrocytomas are
the most common in childhood, most being hemispheric
in location. These lesions are often poorly defined and infil-
trative; however, in a minority of cases, they may appear
well circumscribed. The temporal lobes are involved most
frequently, followed by the frontal, parietal, and occipital
lobes.22 The CT characteristics are of an ill-defined mildly
hypo- or isodense lesion that may evade detection on initial
scanning. Calcification occurs in approximately 20 per cent
of cases. Cystic change is uncommon. On MRI, the tumors
are hypo- to isointense with respect to normal brain and
hyperintense on T2-weighted images. Cortical involvement
is identified by thickening as well as signal changes. Cystic
change is unusual, and enhancement is characteristically
absent or minimal. Perilesional edema is notable by its
absence, and mass effect, if present, is seldom significant.

Anaplastic astrocytoma These tumors share similar
locations with the fibrillary astrocytomas. They are unusual
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in childhood, but if present they occur in the second decade
of life. They are more common in the fourth and fifth
decades. On CT scanning, there is greater heterogeneity
with foci of calcification or hemorrhage, edema, and mass
effect. Enhancement is variable. Necrosis should not 
be present. Magnetic resonance characteristics mirror
these different elements. Patchy hyperintensity on T1-
weighted images, related to microcalcifications and hem-
orrhage, is superimposed on hypo- or isointense tumor.
The tumor margins are defined poorly, and the T2 signal
abnormality of the tumor merges imperceptibly with
surrounding vasogenic edema. Enhancement is seen more
frequently than in fibrillary astrocytomas but is patchy
and variable.

Glioblastoma multiforme These tumors, being the
most aggressive astrocytic lesions, are uncommon in chil-
dren. There is a biphasic age distribution with peaks at four
to five and 11–12 years of age.23 Like adult GBM, tumor
necrosis is the index histological and imaging feature.
On CT scanning, the tumor is iso- to mildly hyperdense,
with surrounding edema. Intralesional hemorrhage is
common. T1-weighted MRI demonstrates an ill-defined,
irregular, iso- to mildly hyperintense lesion with irregular
hypointense necrotic foci centrally. Enhancement is strong,
with a thick irregular rim often highlighting a necrotic cen-
ter (Figure 7.1). On T2-weighted images, solid tumor is
hyperintense, the necrotic foci being of particularly high
signal. Commissural extension, particularly via the corpus
callosum, is a typical feature. Metastatic leptomeningeal
spread is seen in 20 per cent of cases.24

Pleomorphic xanthoastrocytoma This relatively rare
entity, representing approximately one per cent of all
gliomas in early life, has been added to the WHO list of
astrocytic tumors only recently. The tumors occur most
commonly in the temporal lobes and less commonly 
in the parietal, occipital, and frontal lobes.25 Their deri-
vation from subpial astrocytes underlies their typical
superficial cortical location with a meningeal attachment.24

Although classified as low-grade tumors, as implied by the
name, there is often marked cellular pleomorphism and
a subset of more aggressive lesions that are associated
with a poor three-year survival rate.26

The lesion is often large at presentation, is usually well
circumscribed, and may be predominantly cystic, with a
mural nodule. When present, the mural nodule fre-
quently abuts the leptomeninges. In some cases, the
tumor is largely solid. Scalloping and thinning of the
overlying calvarium may be seen and reflects the slow-
growing nature of the tumor. Enhancement of the tumor
nodule is strong on both CT scanning and MRI. On
MRI, the solid tumor is hypo- to isointense and hyperin-
tense on T2-weighted images, with typical signal char-
acteristics for the cyst (Figure 7.2). In addition to the
nodular component, gyral and/or meningeal enhancement
may be seen27 and may presage local recurrence following
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(a)

Figure 7.1a,b Glioblastoma multiforme occurring in a boy
treated previously with craniospinal radiotherapy for central
nervous system lymphoma. (a) Axial T2 image post-radiotherapy
showing a small cavernous malformation in the right globus
pallidus. (b) Axial T2 image four years later. Ill-defined
hyperintensity in the right frontal lobe has developed in 
addition to a second cavernous malformation in the left frontal
operculum.

(b)



surgery. Catheter angiography reveals the tumor to be
highly vascular, often deriving a dural supply from
meningeal arteries.

Gliomatosis cerebri This is a rare tumor in childhood.
The diffuse infiltrating nature of the lesion is often accom-
panied by relatively little neurological evidence of disease
due to late preservation of neuronal function. CT demon-
strates very subtle and widespread parenchymal abnor-
mality, with mild hypo- to isodensity. The superiority of
MRI is well exemplified by such a tumor, which defines
more clearly the presence of ill-defined diffuse T2 hyper-
intensity involving the white matter. T1-weighted imag-
ing may show little apparent abnormality other than
expansion of the brain, particularly the gyri. Despite the
presence of extensive tumor, relatively normal structure
of the brain may be preserved until late in the disease
process, which carries a poor prognosis. Enhancement is
uncommon. The diagnosis may remain elusive for some
time, being dependent on stereotactic biopsy, or it may
become apparent only at autopsy. MRS may provide use-
ful additional information in the detection of this lesion
and monitoring progress.28
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Figure 7.1c (c) Axial T1-weighted image post-contrast
demonstrates strong, irregular enhancement, highlighting a
small peripheral necrotic focus. Dural enhancement is
associated with a burr-hole biopsy site and dural extension of
tumor. There is incidental enhancement of a venous angioma
adjacent to the right pallidal cavernoma and enhancement of
the left frontal opercular cavernoma.

(a)

(b)

Figure 7.2a,b Pleomorphic xanthoastrocytoma in a ten-year-
old girl. (a) Axial T1 image. Large right occipitotemporal tumor
with variable elements, including a small eccentric cyst and
cortical involvement. (b) Axial T2-weighted image showing the
heterogeneous nature of the lesion and highlighting the cyst.

(c)
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Oligodendroglial tumors
Oligodendrogliomas Approximately five to ten per cent
of oligodendrogliomas occur in childhood,29,30 with a
peak age of 6–12 years.31 The frontal lobes are involved
most frequently, followed by the parietal and temporal
lobes.30,32 Histological heterogeneity, with astrocytic 
elements within the tumor, is present in approximately
50 per cent of cases. Oligoastrocytomas share similar
imaging characteristics with the histologically purer
oligodendrogliomas. The tumors frequently occur in the
cortex or subcortical region and may exhibit local sub-
pial or wider leptomeningeal extension.

CT optimally identifies intralesional calcifications 
(50 per cent) and hemorrhage (20 per cent). The tumors
are, however, often iso- to hypodense on CT and less well
defined on CT than by MRI. Tumor cysts are common.
Enhancement is variable but often mild.

MRI demonstrates a hypointense tumor on T1-
weighted images with more conspicuous margins and
enhancement (Figure 7.3). Greater intensity of enhance-
ment probably reflects more aggressive histological fea-
tures.33 On T2 imaging, the lesion, in particular any
cystic elements, is hyperintense; hypointensities reflect
the presence of calcifications or hemosiderin from previ-
ous hemorrhages.

The more aggressive anaplastic oligodendrogliomas
are seen less frequently in children. When present, local
tumor recurrence following surgery is not uncommon.

Ependymomas Approximately 30–40 per cent of epen-
dymomas are supratentorial, arising most commonly in
the third and lateral ventricles. The lesions may also be
entirely parenchymal, being derived from ependymal cell

(c)

Figure 7.2c (c) Post-contrast axial T1-weighted image. The
tumor enhances avidly but irregularly.

(a)

(b)

Figure 7.3a,b Oligodendroglioma in a six-year-old boy. (a) Axial
T2 image showing a well-delineated hyperintense left frontal
lobe lesion involving and expanding the cortex. (b) Coronal T1
image. The heterogeneously hypointense lesion extends inferiorly
to the frontal operculum, clearly having a cortical base. 



rests in the white matter. Unlike the commoner posterior
fossa tumors, the age of presentation of patients with
supratentorial ependymomas is older, peaking in the
latter half of the second decade; the tumors are larger
and more often malignant.

Calcification is present in approximately 50 per cent
of cases. Unlike posterior fossa ependymomas, cyst forma-
tion is common. On CT, the tumors tend to be heteroge-
neous in nature, with large cysts, amorphous calcifications,
and patchy enhancement. MRI demonstrates a well-
defined mass of mild hypo- to isointensity on T1-weighted
images and hyperintensity on T2-weighted images.
Enhancement is usually heterogeneous (Figure 7.4).

Neuronal and mixed neuronal-glial tumors
Gangliocytomas and gangliogliomas These tumors are
defined histologically by the presence of neuronal and
glial cells. Gangliocytomas contain mature neoplastic
ganglionic cells, while gangliogliomas have varying degrees
of glial tissue interspersed between the ganglionic ele-
ments. There is a predilection for the temporal lobes for
both. Gangliocytomas may also involve the hypothalamus.
Gangliogliomas occur less frequently elsewhere in the
cerebral hemispheres. Gangliocytomas are rare and may
occur anywhere in the cerebral hemispheres and sellar
region.

The imaging characteristics of both types of tumors
are similar, the lesions being peripheral in location,
rounded, well-defined, and hypodense on CT. There is
variable presence of cysts (30–50 per cent), the incidence
being higher in children than adults. Calcification, which

may be craggy and prominent, occurs in 30–40 per cent
of cases. Tumoral hemorrhage is seen occasionally.A mural
nodule may be seen with largely cystic tumors. On MRI,
there is a heterogeneous appearance on T1-weighted 
imaging, while on T2 imaging the lesions are generally
hyperintense, although they may be modified by the
presence of calcification or blood products. There is little
or no perilesional edema (Figure 7.5). Enhancement
occurs in approximately 50 per cent of cases (Figure
7.6).34,35 Gangliogliomas may infiltrate the leptomeninges,
although this does not necessarily connote malignancy.
Distant leptomeningeal spread may, however, occur in a
small proportion of cases, identified most readily if the
primary lesion enhances.

Dysembryoplastic neuroepithelial tumors These
lesions are of low grade; debate persists over whether
they are true neoplasms or rather hamartomatous over-
growth of glioneuronal tissue. The clinical presentation
of children with dysembryoplastic neuroepithelial
tumors (DNTs) is typically with seizures, usually com-
mencing in the second decade of life. The tumors are
characteristically intracortical and multinodular, the
thickened cortex around the margins of the lesion being
due to a combination of tumor and cortical dysplasia.
The slow-growing nature of the tumor explains the occa-
sional finding of calvarial scalloping or thinning. Whilst
typically located in the temporal lobes medially, they may
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(c)

Figure 7.3c (c) Post-contrast coronal T1 image. There is strong
ring-like and nodular enhancement deep within the tumor and
in the cortex. (a)

Figure 7.4a Cerebral ependymoma. (a) Unenhanced axial
computerized tomography scan, demonstrating craggy
calcification in a left frontobasal tumor. 
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Figure 7.4b–e (b) Axial T2 image. The lesion is heterogeneously mildly hyperintense, with some surrounding edema. (c) Pre-contrast
coronal T1 image. The lesion is mildly hypointense. (d) Coronal and (e) Sagittal T1 images, demonstrating patchy moderately strong
lesion enhancement.

(b)

(c)

(d)

(e)



be found elsewhere in the cerebral hemispheres in a cor-
tical location.

The CT appearance is of a hypodense peripheral
mass, possibly with cystic foci and occasionally calcifica-
tion and enhancement following contrast administra-
tion. On MRI, the mass is usually well circumscribed,
appearing as a ribbon-like intracortical hypointen-
sity on T1-weighted images and is hyperintense on T2-
weighted images (Figure 7.7). The cortex may appear
multinodular, distorted, and thickened, and there may be
abnormal signals in the underlying whiter matter. Three-
dimensional T1-weighted gradient echo techniques are
especially useful in defining the associated cortical 
dysplasia associated with more complex forms of DNT
because of the improved anatomical resolution. Punctate
foci of enhancement may occur, but this is not typically a
feature.

Desmoplastic infantile gangliogliomas Desmoplastic
infantile ganglioglioma (DIG) is a rare, relatively recently
described, benign tumor usually occurring in the first year
of life. Unlike its variant, ganglioglioma, the typical sites 
of involvement are the frontal, parietal, and temporal
lobes.36,37 The tumors are typically large and cystic at
presentation, often measuring over 10 cm, and have 
a superficial location. Leptomeningeal involvement is
common. The prognosis is good following surgical resec-
tion. Imaging typically reveals a large hypodense cyst and
a hyperdense peripherally located solid component that
enhances avidly following contrast administration. MRI
demonstrates corresponding appearances with signal
intensities consistent with cyst fluid. The solid component
of the tumor may be hypo-, iso-, or hyperdense on 
T2-weighted images (Figure 7.8) and enhances strongly 
on T1 images, highlighting a broad base upon the 
leptomeninges.

Embryonal tumors
Primitive neuroectodermal tumors PNETs are charac-
terized by the presence of small, undifferentiated, round
cells with variable cellular differentiation. The term
“primitive neuroectodermal tumor” (PNET) now encom-
passes histological entities such as cerebral neuroblastoma,
medulloepithelioma, ependymoblastoma, medulloblas-
toma, retinoblastoma, and pineoblastoma. Approximately
five to ten per cent of PNETs occur in the cerebral hemi-
spheres, where they are typically large at presentation.
Supratentorial PNETs, along with atypical teratoid/
rhabdoid tumors (vide infra), may occur in the neonatal
period and in the first year of life.38 The small number 
of tumors occurring in the second and third decades of
life are more often a desmoplastic variant of PNET. The
frontal lobes are involved most often, followed by the
parietal, temporal, and occipital lobes. Calcification is a
dominant feature, occurring in 50–70 per cent of cases;
hydrocephalus is also frequently present.
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(a)

(b)

Figure 7.5a,b Ganglioglioma. (a) Axial T2-weighted image. 
A discrete hyperintense lesion is present based on the mesial right
temporal lobe. Note the absence of edema. (b) Post-contrast
coronal T1-weighted image, showing a cortically based 
non-enhancing lesion, isointense in comparison to the adjacent
cortex.



The tumors are well defined and are markedly hetero-
geneous in appearance on both CT and MRI due to the
presence of calcification, hemorrhage, necrosis, and the
highly cellular nature of the tumor. There is usually little
or no edema. Patchy contrast enhancement is seen,
particularly with MRI, in the solid components of the
tumor. MRI also optimally demonstrates leptomeningeal
spread, which occurs in 40 per cent of cases.39

Atypical teratoid/rhabdoid tumors These tumors
occur at a younger age (often within the first year of life)

than parenchymal ependymomas and PNETs, with which
they share similar imaging characteristics and which they
are frequently mistaken for.40 The tumors are usually
large at presentation and appear of heterogeneous mild
hyperdensity on CT. Cysts, foci of necrosis, and calcifica-
tion may be seen. Enhancement is variable. On MRI, the
solid components of the tumor appear isointense on T1-
weighted images and heterogeneous mild hyperintensity
on T2 imaging, reflecting the presence of necrosis cellular
atypia. Enhancement is similarly heterogeneous.
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(a)

(b)

(c)

Figure 7.6a–c Gangliocytoma. (a) Axial T2-weighted image,
showing a discrete hyperintensity in the deep right temporal lobe.
(b) Coronal T1 image. The lesion, based on the occipitotemporal
gyrus, has a peripheral solid component isointense in
comparison with the adjacent cortex and a deeper cystic
element. (c). Post-contrast coronal T1 image, showing strong
enhancement of the solid cortically based component.



Germ-cell tumors
Teratomas Parenchymal teratomas are rare but
important causes of tumors in the first year of life. These
tumors are often huge at the time of presentation, which
may be at birth. The characteristic imaging finding on
both CT and MRI is of an extremely heterogeneous mass
reflecting the various cellular elements, cysts, and necrosis.
Coarse calcification is a constant feature.38 Enhancement
is variable. The prognosis for both atypical teratoid/
rhabdoid tumors and teratomas is poor.

Lymphomas and hematopoietic tumors Primary
cerebral involvement with lymphoma is uncommon 
in childhood; secondary involvement is rare. Primary 
non-Hodgkin’s cerebral lymphoma occurs as a discrete
hemispheric mass associated with cerebral edema and
mass effect. CT typically demonstrates a mildly hyper-
dense mass on pre-contrast images. On T1-weighted
images, the tumor is mildly hypointense and corres-
pondingly iso- to mildly hyperintense on T2-weighted
images. Contrast enhancement is characteristically strong
on both CT and MRI (Figure 7.9).

Metastatic spread of acute leukemia to the brain or
leptomeninges may be manifest only by mild non-specific
ventricular dilation and cerebral sulcal widening. This
may reflect concurrent chemotherapy or impaired CSF
absorption. Enhancing tumor is uncommon, but when

present it typically involves the leptomeninges with exten-
sive nodular or sheet-like enhancement better defined by
MRI (Figure 7.10).

SELLAR AND PERISELLAR TUMORS

Craniopharyngiomas
Accounting for approximately 50 per cent of all suprasel-
lar tumors, craniopharyngiomas are the most common
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(a)
(b)

Figure 7.7a,b Dysembryoplastic neuroepithelial tumor. 
(a) Coronal T1-weighted image, showing irregular thickening 
of the right occipitotemporal gyrus. Adjacent slices (not shown)
demonstrated associated cortical dysplasia. (b) A coronal 
fluid-attenuated inversion recovery (FLAIR) image defines the
lesion more clearly.

(a)

Figure 7.8a Desmoplastic infantile ganglioglioma. (a) Post-
contrast axial computerized tomography scan. Solid superficial
tumor enhances strongly, overlying a large hypodense tumor cyst.



non-neuroepithelial tumor of childhood.41 The large
majority are suprasellar, but a small proportion may be
found within the sellar or third ventricle. Childhood
tumors tend to be histologically adamantinous and
occur usually in the second decade. These tumors are 
histologically benign, but they behave aggressively by

invading adjacent structures. Although they may have
well-defined and encapsulated components, other parts
of the lesion are often adherent to the base of the brain,
optic chiasm, hypothalamus, and circle of Willis vessels,
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(a)

(b)

Figure 7.9a,b Non-Hodgkin’s lymphoma. (a) Axial T2-weighted
image, demonstrating a left parietal well-circumscribed lesion
with intense surrounding edema and localized mass effect. 
(b) Coronal T1-weighted image. The lesion is mildly hypointense.

(b)

(c)

Figure 7.8b,c (b) Axial T1 and (c) T2 images, showing the
heterogeneous appearances of the peripheral solid component
of the tumor with hypointensity on the T2 images. Note edema
anteromedial and posterior to the tumor.



and they may extend to fill the third ventricle and project
into the anterior and middle cranial fossae.

On imaging, adamantinous tumors frequently exhibit
calcification, which can be demonstrated by CT in approx-
imately 90 per cent of cases, with a similar frequency of
cystic change and enhancement.42 The calcification may
be delicate, lining a cyst wall, patchy, or large and craggy.
The tumors are often lobulated and may encase the inter-
nal carotid arteries. The cystic elements tend to be low in
density but higher than CSF and may enlarge rapidly fol-
lowing intracyst hemorrhage. Enhancement is patchy
but tends to be strong.

MRI reflects the heterogeneous histological nature of
the lesion. Highly proteinaceous fluid, cholesterol crys-
tals, keratin, and/or blood products accounts for the
mixed appearance of the cysts on T1-weighted imaging.
The cyst fluid may thus appear hypo-, iso-, or, frequently,
hyperintense corresponding with the “engine-oil” nature
of the fluid identified at surgery.43 There is similar het-
erogeneity on T2 imaging, with calcification and methe-
moglobin producing hypointense foci. Enhancement
clearly identifies the solid elements of the tumor and helps
to define the extent of local involvement. High-resolution
heavily T2-weighted sequences may also be helpful in
delineating clearly the tumor margins and cystic elements
before surgical intervention (Figure 7.11). The tumor typ-
ically has a lobulated appearance and may extend down
into the sella, with a dumbbell configuration due to the
restricting nature of the diaphragma sella.

The pituitary gland may be identified separately on
good-quality imaging. However, a small proportion of
tumors may be entirely intrasellar. The presence of epithe-
lial rests in the margins of the tumor accounts for the fre-
quent invagination of tumor into surrounding structures,
such as the hypothalamus, thalamus, optic chiasm, and
adjacent temporal and frontal lobes. Tumor extirpation
is thus frequently impossible, and recurrence, which may
be very late, is common.

Disruption of the cystic elements either before or fol-
lowing surgery can produce a chemical meningitis and
local T2 hyperintensity. Superior extension of the tumor
may result in hydrocephalus, which occurs in approxi-
mately 50 per cent of cases.44

Differentiation from a Rathke’s cleft cyst may be 
difficult. However, these lesions are found more com-
monly incidentally in adults during MRI examinations.
The cysts are usually intrasellar and non-calcified and 
do not enhance. On CT, the cysts are mildly hypodense
and may show a rim of enhancement. The cysts may 
have cerebrospinal-fluid-like characteristics on MRI.
The presence of cholesterol crystals or blood products
may, however, result in T1 hyperintensity and iso- to
hypointensity on T2-weighted images.45 The typical
origination of the Rathke’s cleft cysts from the pars 
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(c)

Figure 7.9c (c) Post-contrast T1-weighted image, showing
strong homogeneous enhancement of the parietal tumor and a
smaller pineal mass. (a)

Figure 7.10a Acute lymphoblastic leukemia. (a) Axial T2 image.
Right-sided periventricular and occipital cortical
hyperintensities are present.



intermedia of the pituitary gland results in the anterior
displacement of the pituitary stalk, a helpful diagnostic
feature.46

Germinomas
Germinomas are the most common germ-cell tumors in
the suprasellar region. They may occur as isolated lesions

or secondary to CSF spread from a pineal primary.
Synchronous pineal and suprasellar germinomas occur
in 6–12 per cent of cases.47 Approximately 20–30 per cent
of all intracranial germinomas occur in the suprasellar
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(b)

(c)

Figure 7.10b,c (b) Axial and (c) Sagittal T1-weighted post-
contrast images, demonstrating extensive leptomeningeal
enhancing tumor.

(a)

(b)

Figure 7.11a,b Craniopharyngioma. (a) Axial T2 image,
showing a well-defined suprasellar mass of mixed 
hyperintense cystic and more heterogeneously hypointense
tissue. Note edema extending into the left optic tract. (b)
Coronal T1 image, showing hyper- and hypointense elements 
of the tumor. 



region, being the second most common site of these germ-
cell tumors after a pineal location. Unlike the pineal-region
tumors, suprasellar germinomas are more common in
girls.19 CT scanning is very helpful in evaluating germi-
nomas in the suprasellar region. Mild to moderate hyper-
density is characteristic, reflecting the highly cellular
nature of the lesion (Figure 7.12). In contrast, suprasellar
astrocytomas, which may be otherwise not dissimilar in

appearance, are hypodense before contrast administration.
The mass is well circumscribed, round or lobulated, and
homogeneous in appearance; however, hyperdensity due
to hemorrhage may be seen. Enhancement is generally
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(c)

(d)

Figure 7.11c,d (c) Sagittal post-contrast image. There is 
patchy strong enhancement centrally, with non-enhancing
cystic components superiorly and posteriorly. (d) Sagittal
constructive interference in the steady state sequence,
demonstrating more clearly the morphology of the tumor and
relation to adjacent structures, such as the pituitary gland and
the third ventricular floor.

(a)

Figure 7.12a,b Suprasellar germinoma. (a) Axial pre-contrast
computerized tomography (CT) scan. The hyperdense tumor fills
the suprasellar cistern. (b) Axial post-contrast CT, demonstrating
moderate homogeneous enhancement of the tumor. 

(b)



uniform and strong. T1-weighted magnetic resonance
demonstrates a mildly hypointense lesion and intermediate
signal intensity on T2 images. There is generally strong
enhancement following gadolinium administration
(Figure 7.12). CSF extension with diffuse leptomeningeal
spread is not uncommon.

Opticochiasmatic and hypothalamic astrocytomas
These tumors occur predominantly in the first decade of
life and account for 25–30 per cent of all suprasellar
tumors. They are associated with neurofibromatosis 
type 1 (NF-1) in 50 per cent of pediatric cases.48 Optic-
nerve gliomas (ONGs) are the most common neoplastic
intracranial manifestation of NF-1. These tumors may
occur as entirely intraorbital lesions. There may be variable
extension into the cisternal segment of the optic nerve
(Figure 7.13) or into the optic chiasm. The diagnosis is
usually made between the ages of one and seven years.
Most of these tumors are slow-growing, but approximately
20 per cent take an aggressive course.

Both hypothalamic and opticochiasmatic astrocytomas
share histological characteristics, being typically pilocytic
in type. Hypothalamic astrocytomas often grow upwards
into the third ventricle, where they tend to obstruct the
foramina of Monro, while opticochiasmatic tumors usually
extend into the cisternal and intraorbital segments of the
optic nerves. There is, however, considerable overlap
between the two, as both the hypothalamus and the chiasm
are involved, irrespective of the site of origin of the lesion.
While there are no particular distinguishing differences
between NF-1- and non-NF-1-related tumors, there is a
lesser degree of involvement of the optic nerves in non-
NF-1 cases. In addition, a useful discriminating factor is the
frequent occurrence of the characteristic non-tumoral
hyperintense lesions of NF-1 seen in the optic radiations,
thalami, basal ganglia, brainstem cerebellar peduncles,
and cerebellar hemispheres on MRI.49

On CT, the tumors are generally mildly hypodense.
Calcification is uncommon, as are cysts and intratumoral
hemorrhages. Expansion of one or both optic nerve canals
may be identified along with dysplasia of the sphenoid
bone and orbital contents in NF-1 cases. Enhancement is
strong but may be focal. Magnetic resonance is optimal
for defining the extent of intraorbital and intracranial
involvement and the accompanying hyperintense NF-1
lesions. T1-weighted images show a mildly hypointense
mass, which is of intermediate to marked hyperintensity
on T2 imaging. Enhancement is often strong (Figure 7.14).
In those lesions extending into the optic nerves, enhance-
ment within the intraorbital segments of the tumor may be
less pronounced or absent. Tumors extending posteriorly
into the optic radiations may be differentiated from non-
tumoral NF-1-related T2-hyperintense lesions by the
presence of enhancement. CSF-borne metastases may
occur occasionally (Figure 7.14).

Hypothalamic hamartomas
These lesions arise from the region of the tuber cinereum
and project inferiorly into the suprasellar cisterns. Being
composed of disorganized heterotopic neural tissue, they
are not true neoplasms, but they may enlarge slowly. The
bland appearance, similar to brain tissue, and often small
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(c)

Figure 7.12c,d (c) Axial and (d) Sagittal post-contrast T1-
weighted images, showing a moderately enhancing mass in the
suprasellar region and within the posterior part of the third
ventricle.

(d)



size may lead to a lack of appreciation of these lesions on
CT scanning. MRI elegantly defines a sessile or peduncu-
lated mass below the third ventricular floor as an isointense
mass surrounded by CSF on T1-weighted images.50
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(b)

(c)

Figure 7.13a–c Optic-nerve gliomas. (a) Axial T2-weighted
fat-saturated image, showing bilaterally expanded and
hyperintense optic nerves. (b) Axial T1-weighted image
following contrast administration. There is extension of tumor 
to involve the intracanalicular segment of the optic nerve 
on the left. (c) Coronal T1-weighted image. The tumor 
extends posteriorly to involve the cisternal segment of the 
left optic nerve.

(a)

(b)

Figure 7.14a,b Optico-hypothalamic astrocytoma. (a) Axial T2
image, showing a hyperintense lesion filling the suprasellar
cistern. (b) Coronal T1-weighted image. The tumor is mildly
hypointense in comparison with the adjacent brain tissue and
extends superiorly to obstruct the foramina of Monro. Note 
the normal slightly hyperintense pituitary gland underlying 
the lesion. 

(a)



Enhancement is notable by its absence (Figure 7.15). T2
imaging may demonstrate mild hyperintensity, which
may be more prominent on fluid-attenuated inversion
recovery (FLAIR) images. Ultra-high-resolution, heavily
T2-weighted sequences are particularly useful in defining
the smaller lesions (Figure 7.15).

Meningiomas
Meningiomas are rarely encountered in childhood, acc-
ounting for less than three per cent of all childhood
intracranial neoplasms. Cystic change is more common
than in the adult variant. The imaging characteristics are
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(c)

(d)

Figure 7.14c,d (c) Post-contrast coronal T1-weighted image.
The tumor enhances intensely and homogeneously. (d). Sagittal 
T1-weighted image, demonstrating the suprasellar tumor 
and distant enhancing tumor coating the surface of the
brainstem and cerebellum, indicative of leptomeningeal 
tumor spread.

(a)

Figure 7.15a,b (a) Hamartoma of the tuber cinereum. (a) Sagittal
T1-weighted image. The tumor, which is isointense with respect
to the adjacent brain, extends inferiorly from the floor of the
third ventricle. There was no enhancement following contrast
administration (not shown). (b) Sagittal constructive
interference in the steady state defines more clearly the tumor’s
origin from the floor of the third ventricle.

(b)



otherwise similar, being iso- or mildly hyperdense on
CT.51 Calcification may be seen. Focal hyperostosis may
be seen on bone window settings. Enhancement is gener-
ally prominent. On MRI, the iso- to mildly hyperintense
mass generally exhibits strong enhancement, while T2-
weighted images may show mild hyperintensity. Edema
may occur in the adjacent white matter and in the optic
chiasm.

PINEAL-REGION TUMORS

Tumors in the pineal region account for approximately ten
per cent of all intracranial brain tumors.52 Histological
classification is broken down into germ-cell tumors,
pineal-cell tumors, and parapineal tumors.

Germ-cell tumors
These tumors are derived from pluripotential primordial
germ cells and account for 50–70 per cent of all pineal-
region tumors. Of the pineal germ-cell tumors, 65 per
cent are germinomas, 25 per cent are non-germinomas,
and ten per cent are mature teratomas.53 Germinomas are
highly radiosensitive, a fact that has been used diagnos-
tically, although the trend is increasingly towards obtain-
ing definitive histological confirmation by stereotactic
biopsy.54 Non-germinomatous tumors do not respond
favorably to radiotherapy, in contradistinction to the
highly radiosensitive germinomas. Unlike the suprasellar
germinomas, there is a strong male predominance.52,53

Germinomas The majority (approximately 60 per cent)
of intracranial germinomas occur in the pineal region.
The high nuclear-to-cytoplasm ratio of germinomas
accounts for the typical mild to moderately hyperdense
appearance on CT scanning. The tumors are well defined
but may be craggy. Calcification may be seen in up to 50
per cent of cases but may also represent incorporation
of normal calcified pineal tissue into the tumor.
Enhancement is strong to intense.

On MRI, the lesion appears morphologically homoge-
neous, being slightly hypo- to isointense on T1 imaging
and iso- to hyperintense on T2-weighted images. Cysts
and hemorrhage are variably present. Enhancement is
strong and homogeneous (Figure 7.16). Infiltration of
structures around the pineal gland may occur. Local mass
effect and invasion results in third ventricular obstruction
and hydrocephalus. MRI is mandatory in the evaluation 
of intracranial or intraspinal metastases. Intracranial
metastases occur particularly within the ventricles, notably
in the anterior recesses of the third ventricle.

Teratomas These tumors have a strong male prepon-
derance and a peak incidence around puberty, although
they may occur throughout the first two decades.55

Imaging of these tumors reflects their derivation from

all three germ-cell layers and their variable maturity and
malignancy. The more benign mature teratomas are
characterized by fully differentiated tissue, while the
malignant immature tumors contain primitive cellular
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(a)

(b)

Figure 7.16a,b Pineal germinoma. (a) Axial T2 image. There is a
small, irregular lesion protruding into the posterior third
ventricle. Note mild hydrocephalus. (b) Sagittal T1-weighted
image. The pineal region tumor is isointense with respect to
adjacent brain tissue. The upper tectum and aqueduct are
compressed by the tumor. 



tissue. The lesions appear characteristically heterogeneous
on both CT and MRI. Calcification, fat, bone, hemorrhage,
and cysts may be variously identified. Enhancement may
be ring-like.56

Non-germinomatous germ-cell tumors These tumors
are rare and share similar imaging characteristics with
other pineal germ-cell tumors. Features that may be
helpful include a greater propensity to invade the tectum
and thalamus, a higher incidence of hemorrhage, and
more intense enhancement.57

Pineal-cell tumors
Pineal parenchymal tumors are rare in childhood. There
are three primary types: pineocytoma (presenting in the

third and fourth decades of life), pineoblastomas (peak
incidence in the latter half of the second decade of life),
and intermediately differentiated pineal tumors. There 
is no significant sex difference. Calcification occurs 
in approximately 50 per cent of cases and tends to occur
peripherally. The pineal-cell tumors tend to produce a
sharply marginated convex mass bulging into the third
ventricle.

Pineocytomas Pineocytomas are generally well defined
and have a lobulated appearance resembling the normal
pineal gland. They occur slightly more often in males
than females. They are very uncommon below the age of
18 years. On T1-weighted images the lesions are hypo- or
isointense, and on T2 imaging they tend to be moderately
hyperintense. Contrast enhancement tends to be strong
but heterogeneous.

Pineoblastomas The imaging features of pineoblastomas
are indistinguishable from PNETs elsewhere in the neu-
raxis. There is greater heterogeneity due to the increased
incidence of hemorrhage, necrosis, and cyst formation,
being reflected in the appearances on MRI, although they
tend to be less hyperintense than pineocytomas. Enhance-
ment is strong, and distant CSF spread at the time of
presentation is present in approximately ten per cent of
cases.58 Children under two years of age with bilateral
retinoblastoma may occasionally have an accompanying
pineoblastoma, the so-called “trilateral retinoblastoma
syndrome.”

Parapineal tumors
Astrocytomas Gliomas of the tectum or tegmentum
of the midbrain are fibrillary or pilocytic astrocytomas.
The presentation is with hydrocephalus, the cause of
which may evade detection, particularly if CT is the only
diagnostic modality employed. Ill-defined tumors of the
subthalamic or thalamic region may similarly obstruct
the posterior third ventricle and there may also be
subtle abnormalities on CT. The tectal tumors tend to
be isodense with respect to gray matter; enhancement is
typically absent. Sagittal plane imaging, particularly
using heavily T2*-weighted three-dimensional Fourier
transform sequences, is helpful in defining the often
subtle distortion of the tectal anatomy.59 The lesions are
usually isointense on T1-weighted images and mild to
moderately hyperintense on T2-weighted images, and
typically do not enhance (Figure 7.17). Astrocytomas in
the tegmentum or thalamic regions may exhibit greater
heterogeneity on both pulse sequences, cysts, and patchy
or more focal strong enhancement.

Meningiomas Meningiomas in the parapineal region are
rare in childhood. The imaging characteristics are similar
to those of meningiomas located elsewhere in the
intracranial compartment.
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(c)

(d)

Figure 7.16c,d (c) Sagittal T1 post-contrast image. The tumor
enhances strongly, highlighting small central cystic foci. 
(d) Sagittal T1 post-contrast image six weeks following
radiotherapy. The tumor has regressed fully.



Pineal cysts Simple pineal cysts need to be considered in
view of their frequency as a normal finding in childhood.
The cysts are usually small but may grow to up to 2 cm
in diameter.60 On imaging, rim calcification is often
identified by CT. MRI is particularly sensitive in the

detection of these lesions, which are now identified fre-
quently during investigation of non-tumoral conditions
in both adults and children. The cysts generally follow
CSF in the signal characteristics and may demonstrate
peripheral enhancement.

PERIVENTRICULAR TUMORS

Choroid plexus papillomas and carcinomas
Choroid plexus tumors represent approximately three
per cent of all pediatric brain tumors, of which 70 per
cent are benign choroid plexus papillomas (CPPs), 20
per cent are choroid plexus carcinomas (CPCs), and the
remainder are atypical choroid plexus tumors.61 The lat-
eral ventricles are most commonly involved, often cen-
tered on the atrium. The peak age of incidence is under
two years. The tumors are contained at one site in 86 per
cent of cases, the remainder being either the contralateral
lateral ventricle or elsewhere in the third or fourth 
ventricle.62

Ultrasound scanning is particularly well suited for
detecting tumors in early infancy, when the presentation
is with hydrocephalus. The lesion appears as a multilob-
ulated hyperechogenic mass typically within a lateral
ventricle and especially in the region of the trigone. On
CT, both CPPs and CPCs appear hyperdense and lobu-
lated. Amorphous or punctate calcification is often pres-
ent. Enhancement is frequently very strong. On MRI, the
lesions are usually hypo- to isointense on T1-weighted
images and hyperintense on T2-weighted images and show
intense enhancement. Parenchymal enhancement, edema,
and nodular intraventricular and/or intraspinal metastases
are more suggestive of a CPC.

Ependymomas
Most supratentorial ependymomas lie within the brain
parenchyma; however, 15–25 per cent may occur within
the third or lateral ventricles.63 The tumor is often large,
lobulated, and well-defined. Intratumoral calcification
and cysts may be found on pre-contrast CT, the mass
usually being isodense. Enhancement is strong. MRI
demonstrates a mildly hypointense mass on T1 imaging
and hyperintensity on T2-weighted images. Enhancement,
like CT, is strong and heterogeneous and may also iden-
tify adjacent ependymal enhancement. In general, there
are no diagnostic features to clearly differentiate ependy-
momas from other gliomas. The location of a lesion with
such characteristics is, however, of significant diagnostic
importance.64

Subependymal giant-cell astrocytomas
These tumors occur almost uniquely in association with
tuberous sclerosis. Any subependymal nodular lesion in
excess of 1 cm and located in a lateral ventricle at or near
the foramen of Monro should be regarded as being such
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(a)

(b)

Figure 7.17a,b Tectal glioma. (a) Axial T2 image, showing a
hyperintense lesion expanding the tectum of the midbrain. The
temporal horns of the lateral ventricles are dilated. (b) Sagittal
post-contrast T1 image. The mildly hypointense tumor shows no
enhancement. The aqueduct is occluded. There is a small
diverticulum arising from the posterior third ventricle overlying
the tumor.



a tumor. Obstruction of the foramen of Monro results in
either ipsilateral or bilateral ventricular dilatation.

CT scanning is helpful in identifying the presence of
calcified subependymal and/or subcortical tubers else-
where, as well as calcification within the tumor itself. The
lesion is hypo- to isodense and well-circumscribed, and
shows strong enhancement following contrast adminis-
tration. Progressive growth helps to distinguish the
lesion from tubers, which may also show some enhance-
ment. Magnetic resonance reflects the CT appearances,
with hypo- to isointensity on T1 imaging, variable 
T2 hyperintensity, and strong enhancement following
intravenous gadolinium (Figure 7.18). MRI is also best
suited to display the associated features of tuberous scle-
rosis, particularly the subcortical tubers and cortical 
dysplasia.

Neurocytomas
These are uncommon, slow-growing, low-grade tumors,
which typically occur in late adolescence or early adult-
hood. They arise in close association with the septum
pellucidum. The entity of central neurocytoma has been
recognized only relatively recently, having been classified
as tumors such as oligodendrogliomas in the past.
Calcification is frequently identified on CT. The tumors
occur within the lateral and/or third ventricles and are

often large at the time of presentation. The magnetic 
resonance characteristics are of a lesion exhibiting mixed
signal intensities on both T1- and T2-weighted images.
Enhancement is often only mild and patchy, although it
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(a)
(b)

Figure 7.18a Subependymal giant-cell astrocytoma. (a) Axial
T2 image. A lobulated, slightly hyperintense lesion is present in
the anterior horns of the lateral ventricles, with mild ventricular
enlargement. Note the calcified subependymal tuber in the left
lateral ventricle.

(c)

Figure 7.18b,c (b) Coronal and (c) axial post-contrast 
T1-weighted images. There are strongly enhancing lesions based
on the region of the foramina of Monro (blandly hypointense on
pre-contrast images, not shown). In addition, enhancement is seen
at the site of the calcified subependymal tuber on the left and
subtle smaller subependymal lesions in the right lateral ventricle.



may be more focally prominent, as best appreciated on
MRI (Figure 7.19).

Meningiomas
Intraventricular meningioma is an uncommon entity in
childhood but should be considered in a child presenting
with a large ventricular-based lesion associated with
hydrocephalus. On CT scanning, the tumor is typically
iso- to mildly hyperdense and enhances strongly. MRI
characterizes more clearly and localizes the lesion, which
is mildly hyperintense with respect to brain tissue on T1-
weighted images and of heterogeneous signal character-
istics on T2 imaging, reflecting the variable presence of
calcification. As with CT, strong enhancement is the
norm (Figure 7.20).

Infratentorial tumors

Approximately 50–55 per cent of pediatric intracranial
tumors are located in the posterior fossa.65 Supratentorial
tumors predominate in the first two years of life, while
infratentorial tumors are more common between the ages
of three and 11 years. Most posterior fossa tumors in child-
hood occur in the brainstem and cerebellar hemispheres,
with astrocytic tumors such as gliomas and ependymomas
being most prevalent, followed by PNETs.

MRI of posterior fossa tumors is particularly impor-
tant in view of the inherent problems associated with CT
in this compartment, particularly the beam-hardening
artifact associated with the juxtaposition of the large bony
masses of the petrous bones adjacent to the cisterns, brain-
stem, and cerebellar hemispheres.

BRAINSTEM TUMORS

Brainstem gliomas
Brainstem gliomas (BSGs) account for 25–30 per cent of
all infratentorial pediatric tumors. They occur particu-
larly in the first decade of life, with a mean age of seven
years at diagnosis.66,67 Most are low-grade diffuse fibrillary
astrocytomas. A minority are higher-grade astrocytomas
(including GBM, which have a propensity to metastasize
in the CSF) or, least commonly, pilocytic astrocytomas.
Irrespective of histological grade or appearance, 80 per cent
of patients with BSG present with a rapidly progressive
clinical syndrome characterized by cerebellar, cranial nerve,
or long tract signs and a diffuse expanding lesion based on
the pons. The combination of this clinical syndrome com-
bined with the radiological features is sufficiently specific
such that biopsy is now no longer undertaken routinely,
particularly as there is poor concordance between histolog-
ical grade and outcome.68 The prognosis is uniformly poor,
with survival beyond one to two years being rare.

CT characteristics of BSG are of a hypodense expan-
sile brainstem mass. Calcification and hemorrhage are
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(a)

(b)

Figure 7.19a,b Neurocytoma. (a) Axial T2-weighted image,
demonstrating a heterogeneously hyperintense intraventricular
mass obstructing the foramina of Monro. There is asymmetrical
ventricular dilation. (b) Coronal T1-weighted image following
contrast administration. There is central strong enhancement
(the pre-contrast image, not shown, showed a mildly
hypointense lesion).



Tumor patterns 133

relatively rare.67 There is little or no enhancement,
although patchy enhancement may be seen in some
cases. On MRI, the lesions are hypointense on T1- and
hyperintense on T2-weighted images. As with CT,
enhancement is generally absent (Figure 7.21). Tumor
evaluation is thus heavily dependent upon the hyper-
intense abnormality identified on at least two orthogonal
T2-weighted images. Freeman and Farmer described

four types of BSG: diffuse, focal, dorsal exophytic, and
cervicomedullary.66

Diffuse BSGs are commonest (80 per cent), occurring
particularly in the pons, and are histologically more aggres-
sive. Growth may be caudocephalad. Exophytic growth is
most commonly ventral into the prepontine cistern, with
variable encasement of the basilar artery,69 or dorsally into
the cerebellar peduncles or fourth ventricle. The pons is

(a)

(b)

(c) (d)

Figure 7.20a–d Third-ventricular meningioma. (a) Axial T2 image following ventricular shunting (shunt catheter is present within 
the right lateral ventricle, with a post-shunting, right-sided subdural hygroma). There is a mildly heterogeneously hyperintense
intraventricular mass. (b) Sagittal T1-weighted image. The third ventricular mass is isointense with respect to the adjacent gray
matter, filling the ventricle and splaying the corpus callosum. (c) Sagittal and (d) Coronal post-contrast T1 images, showing strong
tumor enhancement. The lesion extends through the foramina of Monro into the lateral ventricles.



typically expanded, with diffuse infiltration along fiber
tracts of the brainstem. The fourth ventricle is often flat-
tened; however, hydrocephalus is generally absent, pres-
entation being typically with multiple lower cranial palsies,

long tract signs, and ataxia. Enhancement is usually absent
or minimal, except following radiotherapy. Progression
tends to be rapid and CSF spread may occur. The prog-
nosis is poor, with an overall five-year survival of 10–15
per cent.

Five to ten per cent of BSGs are focal, well-defined,
generally smaller, and usually limited to part of the
brainstem.66 Such tumors may have significant cystic
components, but edema is usually absent in keeping with
the low-grade nature. Exophytic growth into adjacent
cisterns or the fourth ventricle of variable size may be
present. Sagittal and axial plane imaging is required to
demonstrate resectability of tumors that extend to the
surface of the brainstem. Enhancement is variable but
may be strong.

Dorsal exophytic tumors arise from the subependymal
region of the floor of the fourth ventricle, into which they
grow. These tumors are generally pilocytic astrocytomas
and characteristically may enhance strongly. The tumors
involve adjacent cranial nerve nuclei within the dorsal
part of the brainstem, but they tend to spare the more ven-
trally located long tracts.

Cervicomedullary tumors expand the upper cervical
cord and extend into the dorsal medulla. Lower-grade
tumors typically exhibit posterior exophytic extension
into the cisterna magna, whereas more aggressive lesions
infiltrate more extensively into the adjacent brainstem.
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(a)

(b)

Figure 7.21a,b Diffuse brainstem glioma. (a) Axial T2-weighted
image, showing a diffusely expanded and hyperintense pons, 
the tumor surrounding the basilar artery anteriorly. (b) Sagittal T1
image. The tumor is mildly hypointense. There are small nodular
projections of the tumor anteriorly. There is accompanying
cerebellar tonsillar ectopia.

(c)

Figure 7.21c (c) Axial post-contrast T1-weighted image. 
The tumor shows no enhancement.



Focal, exophytic, and cystic tumors, as well as those
located at the midbrain or cervicomedullary junction,
generally carry a better prognosis.70,71

Primitive neuroectodermal tumors
Although uncommon, PNETs may occur entirely within
the brainstem, usually the pons.72 The imaging aspects are
variable, but edema, patchy or more solid enhancement,
and an aggressive course is the norm (Figure 7.22).

CEREBELLAR TUMORS

Medulloblastomas (primitive neuroectodermal 
tumors of the posterior fossa)
These are the commonest posterior fossa tumors in
childhood, accounting for 30–40 per cent of tumors at
this site. The peak incidence is between the ages of five and
eight years, with a second peak in adolescents and young
adults. There is a male predominance in the order of two
or three to one. In children the tumors are characteristi-
cally undifferentiated and highly malignant, arising from
the anterior aspect of the inferior vermis and inferior
medullary velum.

Tumors may extend anteriorly through the fourth
ventricle to invade the brainstem, inferiorly and laterally
into the cisterna magna, perimedullary and cerebellopon-
tine cisterns via the fourth ventricular foramina, and dif-
fusely within the neuraxis by CSF dissemination. In older
children, in whom desmoplastic PNETs are more common,

the tumors occur more frequently in the cerebellar hemi-
spheres laterally and often abut the tentorium or extend
to the surface of the cerebellum.

The typical aspect of a medulloblastoma on CT is a
midline well-defined isodense to mildly hyperdense mass
lying posterior to the fourth ventricle. Extension superi-
orly to obstruct the fourth ventricle results in the fre-
quent occurrence of hydrocephalus. Calcification may be
apparent in up to 20 per cent of cases. A more hetero-
geneous pattern of medulloblastoma is associated with
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(a)

(b)

Figure 7.22a Brainstem primitive neuroectodermal tumor. 
(a) Axial T2-weighted image, showing a heterogeneously
hyperintense central pontine lesion.

(c)

Figure 7.22b,c (b) Sagittal T1 image (post-biopsy). The
hypointense tumor is well defined. Hemorrhage is present
posteriorly at the biopsy site. The fourth ventricle is effaced. 
(c). Post-contrast T1-weighted three-dimensional volume image,
showing no intralesional enhancement.



cysts and necrotic foci, which may lead to diagnostic
confusion with cerebellar astrocytomas. The mild hypo-
density of the latter is an important discriminating factor.
Enhancement tends to be strong, particularly in the more
homogeneous tumors.

As with the majority of posterior fossa tumors, MRI is
optimal, particularly in the sagittal plane. The origin of
the tumor from the inferior medullary velum is often
apparent, with an ill-defined zone of transition from the
vermis to the tumor. The tumor projecting into the
fourth ventricle is sharply delineated, with the fourth
ventricle draped over the superior and posterior surfaces
of the lesion. The signal characteristics are non-specific.
On T1 images the tumor tends to be mildly hypointense,
while on T2-weighted images it is usually of mild to
moderate hyperintensity. Perilesional edema may be pres-
ent but is not a prominent feature. The presence of calci-
fications and cysts results in considerable heterogeneity
on T2-weighted images.73 Enhancement is variable and
may be mild, patchy, and heterogeneous (Figure 7.23) or
strong (Figure 7.24).

Demonstration of leptomeningeal spread, which is of
great importance in defining treatment strategies and
prognosis, typically occurs in the subfrontal regions, syl-
vian fissures, basal cisterns, posterior fossa cisterns, and
thoracic and lumbosacral regions, requires post-contrast

T1-weighted imaging of the entire neuraxis before surgery.
The incidence of leptomeningeal spread at the time of
diagnosis probably approaches 40 per cent.74 The deposits
usually enhance and may be nodular (Figure 7.25) or
drop-like or appear as sheets of tumor producing a
“sugar-candy” coating of the spinal cord or brainstem.
Postoperative artifacts, blood clot, and possible contrast
leakage into the CSF may lead to considerable diagnostic
difficulties (see below).

136 Diagnostic imaging

(a)

(b)

Figure 7.23b (b) Post-contrast T1 image, showing patchy
enhancement centrally within the tumor (pre-contrast image,
not shown, showed a blandly hypointense lesion).

Figure 7.23a Medulloblastoma. (a) Axial T2 image. A large
heterogeneously hyperintense tumor fills the fourth ventricle,
compressing the pons.

Figure 7.24 Medulloblastoma. Post-contrast sagittal T1
weighted image, demonstrating a strongly enhancing tumor
filling the fourth ventricle. Note delicate subependymal spread
within the dilated rostral fourth ventricle and supratentorial
leptomeningeal spread posteriorly and in the subfrontal region.



Astrocytomas
These tumors are characteristically juvenile pilocytic
astrocytomas. However, fibrillary astrocytomas as well as

more malignant histological types (anaplastic astrocy-
toma, GBM) may be encountered.75 Most tumors are large
at presentation and may appear as cystic with a mural
nodule of tumor (50 per cent), solid with cystic/necrotic
foci (40 per cent), or purely solid. Solid tumors tend to
arise from the vermis, occur in younger children, and are
histologically more aggressive, while cystic tumors tend
to occur in older children. Calcification is seen in 10–20
per cent. Intratumoral hemorrhage is rare.

On imaging, pilocytic astrocytomas are characterized
by a cystic mass with an iso- or mildly hypodense nodule
or solid component on CT. The midline vermian tumors
have a tendency to be hyperdense. Characteristic of pilo-
cytic astrocytomas is the presence of open fenestrations
and tight junctions within the endothelial cells of these
tumors, which exhibit abundant vascular proliferation.
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Figure 7.25 Metastatic medulloblastoma. Post-contrast T1
image, showing multiple small deposits related to the cerebral
falx and corpus callosum.

(a)

(b)

Figure 7.26b,c (b) Pre- and (c) post-contrast sagittal T1 images.
The solid nodule is hypointense and shows strong uniform
enhancement.

Figure 7.26a Cerebellar pilocytic astrocytoma. (a) Axial 
T2-weighted image. The predominantly cystic tumor is strongly
hyperintense, with a smaller solid mural element of slightly
reduced intensity posterolaterally.

(c)



The consequence is that the solid component(s) of the
tumor tends to show intense enhancement. Necrotic
tumors demonstrate irregular craggy enhancement. Non-
pilocytic astrocytomas tend to show less or even no
enhancement of the solid parts of the tumor. Of the cys-
tic tumors, demonstration of enhancement of the wall of
the cyst indicates that the wall is tumor-lined and requires
resection. Non-enhancing cyst walls are consistent with
compressed non-neoplastic glial tissue.65 However, tumor
cannot be excluded in all cases, probably due to the insen-
sitivity of CT in particular to detect subtle enhancement or
the presence of a thin layer of non-enhancing tumor.

Evaluation of the tumor is more complete with MRI.
The imaging characteristics of pilocytic astrocytomas are
of a mildly hypointense mass on T1-weighted images,
cystic elements being more prominently hypointense. T2
imaging shows a combination of moderate hyperintensity
of the solid element of the lesion and intense T2 shortening
of the cyst. Enhancement tends to be strong and homoge-
neous (Figure 7.26). Non-pilocytic astrocytomas present
as diffuse and often ill-defined hyperintense lesions on
T2 imaging and with corresponding mild hypointensity
on T1-weighted images. Enhancement is variable and
patchy and may be absent. In the context of NF-1, differ-
entiation from the non-glial hamartomatous hyperintense
signal lesions can be difficult (Figure 7.27). These lesions
may be extensive in both the pons and the cerebellar
hemispheres; they are also encountered frequently in the

internal capsules, lentiform nuclei, and splenium of
the corpus callosum. Mass effect, edema, and contrast
enhancement are not features of these lesions. However,
the astrocytomas associated with NF-1 may occasionally
undergo spontaneous involution (Figure 7.27).

Ependymomas
Ependymomas constitute approximately ten per cent of
posterior fossa tumors in childhood. These tumors are
derived from ependymal cells lining the ventricles or in
ependymal cell rests, which may sometimes occur quite
distant from the ventricles, giving rise to hemispheric
tumors. The floor of the fourth ventricle is the most com-
mon site, and the tumor typically fills the fourth ventricle.
The more desmoplastic ependymomas have a tendency to
extend out through the foramina of Magendie or Luschka
in a toothpaste-like fashion; however, tumors may also
originate in the lateral recesses or cerebellopontine angle
cisterns.

In contradistinction to medulloblastomas, there is often
an ill-defined interface between the brainstem and the
tumor, whereas a distinct plane of cleavage is usually pre-
served between the lesion and the vermis. In addition, the
tumors tend to grow outside the ventricular walls to locally
invade adjacent structures, such as the brainstem and 
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(d)

Figure 7.26d (d) Axial post-contrast T1 image, demonstrating
the smaller enhancing mural nodule. There is no enhancement
related to the wall of the larger cystic element.

(a)

Figure 7.27a Diffuse cerebellar astrocytoma in a 13-year-old
girl with neurofibromatosis type 1 (NF-1). (a) Axial T2 image at
presentation, showing prominent ill-defined hyperintensity in
the deep right cerebellar hemisphere, with compression of the
fourth ventricle. There are further abnormalities in the vermis,
left cerebellar hemisphere, and pons, which may represent NF-
1-related hyperintense signal change or tumor. Similar lesions are
also present in the subcortical white matter of temporal lobes. 
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(b)

(c)

(d)

(e)

Figure 7.27b–e (b) Axial T1-weighted image following contrast administration at the same level, demonstrating strong 
enhancement within the right-sided cerebellar lesion, indicative of tumor. The other pontine and cerebellar lesions do not enhance.
(c) Axial T2 image through basal ganglia. There are small NF-1-related hyperintense signal lesions in the globus pallidi and posterior
capsule on the right. (d) Axial T2 image four years later. There had been no treatment in the intervening period. The right cerebellar
abnormality has regressed, but there is increased prominence of the pontine and left cerebellar hyperintensities. There is slight mass
effect associated with the posterior pontine lesion. (e) Axial post-contrast image. The enhancement associated with the left cerebellar
lesion has almost disappeared.



cerebellar hemispheres. This makes total resection difficult
and accounts for the frequent local recurrence. The fourth
ventricle is frequently draped over the superior surface of
the tumor. Hydrocephalus is commonly present.76

On CT scanning, the tumor appears iso- to mildly
hyperdense. Punctate or amorphous calcification is pres-
ent in approximately 50 per cent of cases (Figure 7.28).
Intratumoral hemorrhage, which may produce rapid
enlargement of the lesion and precipitate symptomatic
presentation, and small cysts may be seen.76 Following
contrast administration, there is often only mild to mod-
erate heterogeneous enhancement. MRI tends to reflect
the cellular heterogeneity of these tumors, the solid com-
ponents being hypo- to isointense to brain tissue on T1-
weighted images and iso- to hyperintense on T2-weighted
images. Patchy hemorrhage may be identified by the
presence of hyperintense foci within the lesion on T1-
weighted images, being correspondingly hypointense on
T2 imaging (Figure 7.29). Enhancement tends to be
more striking than appreciated on CT, and may be patchy
in nature, but it may be absent or homogeneous in some
cases. Tumor demarcation tends to be poor, reflecting local
infiltration of adjacent tissues; however, unlike medul-
loblastomas, vermian infiltration is not a feature (Figure
7.29). Local extension within the posterior fossa and into
the upper cervical spine is not uncommon at the time of
diagnosis (Figure 7.30).

Recurrence following surgery is most often local at the
tumor bed. However, extension into the upper cervical
spine or laterally into the cerebellopontine angle cisterns
and more distant CSF spread is not uncommon. Com-
pleteness of the primary tumor excision reflects the great-
est potential for long-term disease-free survival.
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(a) (b)

Figure 7.28a,b Ependymoma. (a) Axial computerized tomography scan. There is an isodense lesion filling the fourth ventricle,
containing small hypodense cysts and punctate calcifications. (b) Following contrast administration, there is heterogeneous
enhancement. Supratentorial hydrocephalus is present.

(a)

Figure 7.29a Ependymoma. (a) Sagittal T1 magnetic resonance
image. The mildly hypointense tumor filling the fourth ventricle
contains several small hyperintense foci, most probably
representing hemorrhagic cysts.
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(b) (c)

(a)

Figure 7.29b,c (b) Post-contrast sagittal T1 image, showing patchy strong enhancement, the tumor being seen to protrude into the
foramen of Luschka. (c) Sagittal constructive interference in the steady state image demonstrates clearly the topographical anatomy of
the tumor and the lack of involvement of the vermis. Note the clear demonstration of the cystic nature of the small hemorrhagic foci.

(b)

Figure 7.30a,b Ependymoma. (a) Axial T2-weighted image, showing a heterogeneously hyperintense midline posterior fossa lesion
containing cysts, a prominent vessel, and small hypointensities indicative of calcification. (b) Sagittal T1 image. The lesion is mildly
hypointense, with several small hypointense cystic foci.
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(c) (d)

Figure 7.30c,d (c) Sagittal post-contrast image. The tumor enhances strongly, highlighting the cystic foci. There is contiguous tumor
lying anterior to the craniocervical junction, with delicate linear enhancement extending caudally on the ventral surface of the cord.
(d) Axial T1-weighted image, showing tumor extending out of the fourth ventricle via the foramen of Luschka.

(a) (b)

Figure 7.31a,b Lhermitte–Duclos disease. (a) Axial T2 image, showing a mass-like lesion expanding the right cerebellar hemisphere and
compressing the fourth ventricle. Note the characteristic parallel linear striations within the lesion. (b) Coronal T1 image. The hypointense
striations appear prominently within the minimally hypointense tumor. Note the expansion of the posterior fossa on the right.

Atypical teratoid/rhabdoid tumors
These tumors, which represent a newly recognized entity
among malignant pediatric brain tumors,40 share simi-
lar imaging characteristics to medulloblastomas and

ependymomas. However, they tend to occur in children
under the age of two years and are commoner in boys
than girls. The prognosis is poor, with CSF dissemination
frequently present at the time of presentation.



Dysplastic gangliocytomas (Lhermitte–Duclos disease)
These uncommon lesions occur in older children and
young adults. They may be associated with neurofibro-
matosis or Cowden’s disease (multiple hamartoma syn-
drome).77 The lesion appears as a large cerebellar mass
with thickened cerebellar folia, giving the mass a striate
aspect. On CT scanning, the lesion appears hypodense
with mild to moderate mass effect, which may result 
in supratentorial mass effect. MRI demonstrates a
hypointense mass on T1-weighted images and hetero-
geneous hyperintensity on T2 imaging. Linear relatively
parallel striations on the surface of the lesion are a striking
feature on both pulse sequences (Figure 7.31). Expansion
of the ipsilateral cerebellar hemisphere with thinning and
bulging of the overlying skull is indicative of the long-
standing nature of this lesion, which shares neoplastic and
hamartomatous features. Contrast enhancement is not a
feature, although it has been reported,78 and pial vessels
may appear particularly prominent.

FOURTH-VENTRICULAR TUMORS

Choroid plexus papillomas and carcinomas
The fourth ventricle is an uncommon site for choroid
plexus tumors in childhood. The benign CPPs and more
aggressive CPCs share similar appearances histologically
and on imaging. The choroid plexus is located at the roof
of the fourth ventricle and extends out through the
foramina of Luschka (the lateral fourth ventricular outlet
foramina) into the cerebellopontine angle cisterns. Thus,
the tumors may be located in an extraventricular loca-
tion. The tumors are often large, frond-like, friable, and
hypervascular. Calcification is present in approximately
25 per cent of cases. The imaging characteristics are as
those described for the supratentorial tumors.

Astrocytomas
Cerebellar astrocytomas usually originate from the 
vermis and extend anteriorly into the fourth ventricle.
However, occasionally, these tumors may be entirely
intraventricular in location. The imaging characteristics
are typically those of a pilocytic astrocytoma, with a
hypointense mass on T1-weighted images filling the fourth
ventricle and showing strong enhancement following
contrast administration.

EXTRA-AXIAL TUMORS

Nerve-sheath tumors
Schwannomas, benign neoplasms consisting of Schwann
cells arising from the nerve sheath, occur most com-
monly in association with the vestibulocochlear nerve.
They are rare in childhood. Particularly when bilateral,
they occur in association with the central, type 2 form 
of neurofibromatosis (NF-2). Less commonly, schwan-
nomas may arise from the fifth or ninth cranial nerves,

the cardinal features being that of an extra-axial posterior
fossa lesion. Imaging by magnetic resonance is optimal,
particularly for identifying the small intracanalicular
lesions (Figure 7.32). Schwannomas generally appear
hypointense on T1 images and homogeneously or hetero-
geneously hyperintense on T2-weighted images (Figure
7.33). Cysts may be identified within the lesion, or there
may be entrapped pouches of CSF forming capping
cysts. Enhancement of the solid portions of the tumor is
strong.

Neurofibromas, nerve-sheath tumors of the peripheral
nervous system, are similarly uncommon in childhood
but may occur at the skull base, typically in children 
with NF-1.

Meningiomas
Meningiomas are uncommon within the posterior 
fossa in childhood. Atypical histological features are not
uncommon. The imaging characteristics are similar to
the supratentorial lesions and those seen in adulthood.
The masses may attain a large size before presentation
(Figure 7.34).

Chordomas
These tumors, derived from notochordal remnants,
are very unusual in children. Typically, they occur in

Tumor patterns 143

Figure 7.32 Neurofibromatosis type 2 in a 13-year-old girl.
Axial post-contrast image, showing small, bilateral acoustic
schwannomas. A left convexity meningioma, spinal-cord
ependymomas, and multiple neurinomas of the cauda equina
were also present.



middle age. Their location is usually in association with
the spheno-occipital synchondrosis.79 The mass is focally
destructive and may extend into the nasopharynx, sphe-
noid sinus, or upper cervical region. CT scanning is 
helpful, identifying spicular or more complex calcifica-
tions. On CT, the mass is hypodense. T1-weighted MRI
demonstrates a hypointense mass, with corresponding
mixed but essentially hyperintense signal on T2-weighted
images. Unlike in adults, enhancement in children tends
to be less marked.

Metastases
Metastatic tumors in the posterior fossa are rare in child-
hood outside of primary intracranial tumors. A range 
of supratentorial, infratentorial, and spinal tumors may
spread to the posterior fossa, reflecting widely differing
histological phenotypes and proliferative/malignant 
features. The deposits may be discrete and linear, or they
may occur as larger nodular masses in the posterior fossa
(Figure 7.35).

Primitive round-cell tumors
Ewing’s sarcoma and neuroblastoma arise in the skull
base in a small proportion of childhood CNS tumors and
share similar imaging characteristics.80 The tumors may
be primary or secondary. There may be variable expan-
sion into the extra-axial spaces within the posterior fossa.
The affected part of the skull base is typically expanded.
There is typically both intra- and extracranial disease,
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(a)

(b)

Figure 7.33c (c) Post-contrast coronal T1 image,
demonstrating clearly the tumor extending into the jugular
foramen. The cyst is demarcated clearly.

Figure 7.33a,b Glossopharyngeal schwannoma in an 
11-year-old girl. (a) Axial T2 image, showing a large, discrete,
heterogeneously hyperintense extra-axial mass and a hemorrhagic
cyst containing a fluid-fluid layer. (b) Post-contrast axial T1-
weighted image, demonstrating strong patchy enhancement.

(c)
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(a)

(b)

(c) (d)

Figure 7.34a–d Atypical meningioma in a nine-year-old girl. (a) Axial T2 image, showing a large, mixed-signal-intensity extra-axial
lesion compressing the brainstem and fourth ventricle and extending into the right parasellar region. (b) Sagittal T1-weighted image.
The tumor is slightly hypointense and well-defined. (c) Post-contrast sagittal and (d) axial T1-weighted images, showing strong
heterogeneous enhancement.

with focal infiltration of bone and soft tissues (Figure 7.36).
MRI is most useful in evaluating the extent of the disease.
Post-contrast fat-suppressed T1-weighted sequences are
particularly useful, the tumor enhancing strongly. Elevation

of the periosteum helps to differentiate these tumors from
the normal but prominent enhancement that may be seen
in association with the normal enhancing hematopoietic
marrow of childhood.
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Spinal tumors

INTRADURAL INTRAMEDULLARY TUMORS

Astrocytomas
Intramedullary spinal tumors account for approxi-
mately five per cent of childhood CNS neoplasms, of
which astrocytomas are the commonest, accounting for
approximately 60 per cent of tumors in this location.
Most occur in the first five years of life and, unlike in
adults, tend to preponderantly involve the rostral spinal
cord.81 The majority of tumors are low-grade lesions, but
there is a significant minority of grade 3 and 4 gliomas.

MRI typically demonstrates fusiform expansion of the
cord, usually involving several segments or, not infre-
quently, the whole cord. The epicenter of the tumor is
usually iso- to slightly hypointense on T1-weighted images
and heterogeneously hyperintense on T2 imaging. Exo-
phytic growth of the tumor is not uncommon and is best
evaluated on axial images. There are frequently abnormal
glial-lined cysts or necrotic foci within the solid part of
the tumor, the cyst fluid being highly proteinaceous, result-
ing in higher signal intensity on T1 imaging. Peritumoral
cysts, probably representing syringohydromyelic cavities,
may also accompany the diffuse cord expansion occurring
both rostral and caudal to the solid portion of the tumor.

Enhancement is variable, and in some astrocytomas
there may be little or none. Overall, the enhancement
tends to be less prominent and less well-defined than in
ependymomas.82 Definition of the margins of associated
cystic lesions is better appreciated following contrast
administration. As with intracranial astrocytomas, tumor
infiltration should be regarded as extending beyond the

Figure 7.35 Metastatic glioblastoma multiforme. Post-contrast
axial T1-weighted image, demonstrating variably enhancing
lesions in the cerebellopontine angle cisterns. The primary cerebral
tumor (not shown) exhibited similar enhancing characteristics.

(a)

Figure 7.36a,b Ewing’s sarcoma in a 12-year-old boy. 
(a) Sagittal T2-weighted image, demonstrating a heterogeneously
mildly hypointense posterior fossa extra-axial mass involving
the occipital bone and extracranial soft tissues. There is further
similar abnormality in the left parietal region. (b) Sagittal T1
image. The lesion is correspondingly hypointense. 

(b)



enhancing tumor, being present within the typically exten-
sive cord edema. Aggressive tumors may be encountered,
with intratumoral hemorrhage, necrosis, and diffuse lep-
tomeningeal spread throughout the neuraxis (Figure 7.37).

Ependymomas
Ependymomas represent approximately 30 per cent of
intrinsic cord tumors, most occurring in the conus
region. Myxopapillary ependymomas of the filum termi-
nale, characteristically seen in adults, are uncommon in
children. The cervical cord is affected in older children and
young adults, particularly in association with NF-2.

These tumors are usually well-defined and exhibit
heterogeneous signal characteristics on both T1- and 
T2-weighted sequences, corresponding to the presence of
cysts, hemorrhage, and microcalcifications. Edema invari-
ably accompanies the intramedullary tumors, expanding
the cord caudocephalad to the solid tumor. Enhancement
is typically moderate to strong, defining a well-marginated
mass (Figure 7.38). This pattern of enhancement is not,
however, uniform and may be heterogeneous or even
minimal.83 Multiple spinal-cord ependymomas may occur,
particularly in association with NF-2, where there may
also be accompanying meningiomas (Figure 7.38). Cranial
imaging should be undertaken at the end of the exami-
nation in view of the propensity for these tumors to seed
in the CSF.

Miscellaneous tumors
Other primary cord tumors are rare. Gangliogliomas,
gangliocytomas, PNETs, and intramedullary metastases
from intracranial primary CNS tumors may be encoun-
tered. Spinal gangliogliomas are uncommon cord tumors
with a heterogeneous appearance on T1-weighted imag-
ing84 and enhancement frequently extending over eight
vertebral body segments.82 Hemangioblastomas occur
occasionally as isolated tumors in childhood, typically 
in the cervical spine. There is typically a cyst, a strongly
enhancing mural nodule, and a leash of prominent vessels
surrounding the lesion in the cord or perimedullary region.
In general, the imaging characteristics of these lesions
tend to be non-specific, requiring biopsy or resection for
a definitive diagnosis.

INTRADURAL EXTRAMEDULLARY TUMORS

The commonest tumors in this compartment are lep-
tomeningeal metastatic deposits and nerve-sheath tumors.

Leptomeningeal metastatic disease
CSF-borne metastases are particularly characteristic of
pediatric primary CNS tumors, of which medulloblas-
tomas are the foremost source. Other tumors associated
with spinal CSF dissemination include other PNETs,
pineocytomas, ependymoma, malignant gliomas, germi-
nomas, gangliogliomas, and even occasionally low-grade
gliomas. MRI has a greater diagnostic accuracy than CSF
cytological analysis for the early detection of disseminated
medulloblastoma.85

Leptomeningeal deposits occur typically in the mid- and
lower thoracic region, cauda equina, and sacral thecal sac.
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(d)

Figure 7.36c,d (c) Post-contrast sagittal T1 image. There is
strong heterogeneous enhancement, highlighting cystic/necrotic
foci and adjacent dural enhancement. (d) Post-contrast coronal
T1 image, demonstrating more clearly the contiguous nature of
the tumor and the extracranial spread.

(c)



(a) (b) (c)

Figure 7.37a–c Spinal cord astrocytoma in a nine-year-old girl with a progressive scoliotic deformity. (a) Sagittal T2-weighted image, demonstrating cord expansion and a hyperintense cord
cyst at the cervicothoracic junction. (b) Sagittal T2-weighted image eight months later, following acute neurological deterioration. The cord expansion has increased greatly, with fluid levels
in the cervicothoracic junction and mid-thoracic cysts indicative of hemorrhage into the tumor. (c) Post-contrast sagittal T1-weighted image, showing patchy foci of mixed/strong enhancement
throughout the thoracic and cervical cord (also seen on adjacent images).



Contrast-enhanced T1-weighted imaging is optimal for
identifying these lesions, which appear as enhancing
nodular lesions (Figure 7.39), thickening of nerve roots, or
diffuse enhancement over the surface of the cord. Normal
vessels, particularly on the dorsal surface of the lower tho-
racic cord, may simulate metastatic deposits. However, the
curvilinear nature of the enhancement should help to dif-
ferentiate between the two. Caution should also be exer-
cised in patients in whom the primary tumor shows little
or no enhancement. In addition, the spinal metastases of
some children with enhancing medulloblastomas do not
exhibit enhancement and could thus be overlooked.73 In
these patients, a heavily T2-weighted sequence may be
more helpful in detecting their presence. Imaging follow-
ing a recent craniectomy is associated frequently with the
presence of blood products and confusing patterns of
enhancement that may simulate metastases. Pre-contrast
T1 imaging should be undertaken to identify any hyperin-
tense methemoglobin. Delaying postoperative imaging by
more than two weeks can reduce false-positive results
when a preoperative spinal study was not undertaken.85

Nerve-sheath tumors
The two principal types of nerve-sheath tumors are neu-
rofibromas, which typically occur in patients with NF-1,
and schwannomas, which are rare in childhood outside
of the context of NF-2. Neurofibromas in NF-1 are typi-
cally multiple, being associated with the spinal nerves or
nerve sheaths. They appear as nodular or more confluent

lesions thickening the nerve roots, particularly in the
lumbosacral spine, being mildly hypointense on T1-
weighted images. On T2-weighted images, there is typi-
cally an outer zone of hyperintensity surrounding a central
core that is relatively hypointense, probably representing
dense collagenous stroma.86 These lesions are best iden-
tified following contrast administration, with mild to
moderate enhancement of the tumors. Multiple small
intrathecal schwannomas, particularly in the lumbosacral
region, are a characteristic feature of spinal involvement
in NF-2 (Figure 7.40). There may be accompanying small
meningiomata or cord tumors.

Solitary neurofibromas are rare in childhood. When
present, they may be identified as an intraspinal mass
that may be associated with cord compression, vertebral
body scalloping, expansion of an adjacent neuroforaminal
canal, laminar thinning, or a mass extending in a so-called
dumbbell fashion into the paraspinal soft tissues. Plexiform
neurofibromas are large, confluent masses that occur typ-
ically in the paraspinal or pelvic soft tissues.

Meningiomas
These lesions, which are primarily intradural, are rare in
childhood, accounting for less then five per cent of pedi-
atric spinal tumors. MRI demonstrates a sharply delin-
eated dural-based mass with signal characteristics similar
to spinal cord tissue or slightly less intense than the
spinal cord itself on both T1- and T2-weighted images.
Enhancement is generally strong.
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(e)

Figure 7.37d,e (d) Axial post-contrast T1-weighted image. A strongly enhancing lesion is present eccentrically within the left side of
the expanded cord. (e) Post-contrast sagittal T1 image through the brain, demonstrating delicate linear enhancing tumor over the
surface of the brainstem, cerebellar hemispheres, and further leptomeningeal metastatic disease in the supratentorial compartment.

(d)



EXTRADURAL TUMORS

Tumors involving the extradural compartment of the
spine in childhood are derived mainly from extraspinal
masses invading the spinal canal via the neuroforaminal
canal. Primarily osseous tumors will not be reviewed

here, with a limited discussion of soft-tissue-derived
lesions with direct CNS involvement.

Teratomas
These tumors are derived from tissues arising from ger-
minal pluripotential cells occurring at ectopic sites.
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(a) (b)

Figure 7.38a,b Spinal-cord ependymomas in a 12-year-old girl with neurofibromatosis type 2. (a) and (b) Post-contrast sagittal 
T1-weighted images of the spine, demonstrating intermediately enhancing intramedullary lesions at the cervicothoracic junction 
and at T12 and L1. T2 images (not shown) demonstrated extensive associated cord edema and expansion. Note the extramedullary
lesion at T6, most probably a meningioma, and small neurinomas at the C2 level.



Sacrococcygeal teratomas are congenital tumors that are
more frequent in girls than boys and usually present as
large posterior masses, with variable degrees of anterior
pelvic extension. A small minority exist as purely presacral
lesions. Teratomas may arise predominantly within the
thoracolumbar spinal canal in a small proportion of cases
in childhood, with a more even sex distribution and wider
age spectrum.

The spinal canal is generally markedly expanded.
Sacrococcygeal tumors may present as largely cystic
masses. The imaging characteristics reflect the existence
of tissues derived from ectoderm, mesoderm, and endo-
derm, with fatty tissue, calcifications, bone, teeth, solid
tissue, and cysts containing fluid of diverse contents. The
tumors are consequently typically heterogeneous on all
pulse sequences. Magnetic resonance is particularly help-
ful in identifying the presence of intramedullary tumors
(Figure 7.41). Enhancement is variable but usually pres-
ent. Fat-suppression techniques may be helpful in defin-
ing the full extent of the tumor, particularly in the 
pelvis, and in confirming the lipomatous nature of the
tumor.

Tumors of the autonomic nervous system
Neuroblastomas (and rarely ganglioneuromas and gan-
glioneuroblastomas) involving the spine arise from neu-
roblasts derived from the autonomic nervous system.
The paraspinal sympathetic chain at the thoracolumbar
and posterior mediastinal regions are most commonly
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Figure 7.39 Metastases from a glioblastoma multiforme in a
four-year-old boy (same case as in Figure 7.35). Post-contrast
sagittal T1 image, showing large mild to moderately enhancing
nodular deposits on the dorsal and ventral aspects of the
cervical and thoracic cord.

Figure 7.40 Neurinomas of the cauda equina in a ten-year-old
girl with neurofibromatosis type 2. Sagittal post-contrast T1
image, showing multiple, small, enhancing lesions throughout
the lumbar thecal sac.



(a) (b)

(c)

Figure 7.41a–c Lumbosacral malignant teratoma in a one-year-old
girl. Sagittal (a) T1- and (b) T2-weighted images and (c) axial 
T2-weighted images, showing a large heterogeneous mixed 
cystic-solid tumor filling and expanding the spinal canal. Tumor
extends confluently into the spinal cord.



involved, with a large paraspinal mass extending over
several vertebral body segments. Extension into the
spinal canal via the neuroforaminal canal leads to tumor
within the extradural compartment, occasionally breach-
ing the dura to lie within the subdural compartment.
Asymptomatic cord compression is a not uncommon
presentation.87

The imaging characteristics of these tumors are very
similar, with a large paraspinal soft-tissue mass extending
in a dumbbell fashion into the spinal canal or, particu-
larly in the case of neuroblastomas, infiltrative metastatic
disease affecting one or several vertebral bodies with con-
tiguous extradural tumor. The tumor appears generally
as a homogeneous isointense mass on T1 images and
moderately to markedly hyperintense on T2-weighted
images. Foci of hemorrhage, necrosis, or calcification may
be present, resulting in focal alterations in the signal
characteristics (Figure 7.42). Enhancement following con-
trast administration tends to be strong. Fat-suppression
techniques may be helpful in identifying the degree of
any vertebral body infiltration.

Peripheral primitive neuroectodermal tumors
These tumors, previously known as extraosseous Ewing’s
sarcoma, arise from small round cells within the paraspinal
soft tissues, meninges or the calvarium.88 Intraspinal
extradural lesions frequently result in cord compression
and presentation with a progressive spastic paraparesis
or tetraparesis. MRI demonstrates a smoothly expansile
mass, which is generally mildly hypo- or isointense on 
T1-weighted images and iso- to mildly hyperintense on
T2-weighted images, with variable enhancement follow-
ing contrast administration. Cystic or necrotic foci may be
identified.

CLINICAL TRIALS

The incidence of specific childhood tumors is such that
unless collaborative multinational multicenter trials are
undertaken, then therapeutic interventions are difficult if
not impossible to evaluate. Radiological imaging plays an
integral part in these trials and studies. Imaging panels
derived from accredited experts in pediatric neuroradiol-
ogy are required to undertake this activity. Generally, this
involves a tumor panel of two neuroradiologists, with a
third neuroradiologist providing a casting vote in cases
of disagreement or equivocation. Such a model has been
developed in the UK and France, with close collaboration
between the UKCCSG and the SFOP.

Significant intra- and interobserver error is inherent
in the evaluation of response to anti-tumor therapy. In a
French study, major disagreements occurred in 40 per cent
and minor disagreements in 10.5 per cent of all tumor

response evaluations in a multicenter oncological trial
assessed subsequently by an evaluation committee.11 The
percentage of significant tumor response consequently fell
by 23.2 per cent. Reasons for disagreement included errors
in tumor measurement, errors in selection of measurable
targets, intercurrent diseases, and radiological technical
factors. The conclusions were that all therapeutic trials
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(a)

Figure 7.42a Lumbar neuroblastoma in a three-year-old boy.
(a) Sagittal T1-weighted image, showing a dorsally located
heterogeneously hyperintense extradural mass compressing the
conus and cauda equina. 



154 Diagnostic imaging

requiring neuroradiological response criteria and that
are to be published in peer-reviewed journals should be
undertaken by an evaluation committee.

Future developments will include the increased use of
advanced MRI techniques, such as perfusion imaging

and two-dimensional and three-dimensional MRS tech-
niques in tumor evaluation, both for management and for
clinical trials. Issues such as lesional boundaries for tumor
volume measurements will remain problematic in the
near future, particularly in the context of ill-defined or

(b) (c)

Figure 7.42b,c (b) Sagittal short tau inversion recovery, showing the mass to be of mixed signal characteristics. (c) Post-contrast
sagittal T1-weighted fat-saturated sequence. The lesion enhances strongly. Apparent enhancement of the cauda equina is artifactual,
being due to partial volume averaging related to the tumor wrapping itself around the thecal sac posteriorly. 



poorly enhancing tumors, where these advanced tech-
niques may demonstrate more extensive tumor than that
defined by the contrast enhancing component of a lesion
(Figure 7.43).

PITFALLS OF IMAGING

Postsurgical enhancement

Evaluation of the extent of tumor resection should be
undertaken within 48–72 hours. This timeframe is a
compromise between pragmatic considerations (patient
compliance, surgical paraphernalia) and the onset of
reactive enhancement, generally assumed to commence
after 48 hours (Figure 7.44). There are traps and pitfalls
to consider, however. Very early non-tumoral enhance-
ment probably occurs to a greater or lesser extent in the
majority of cases, which needs to be borne in mind con-
stantly. To complicate the issue further, residual tumor
may show diminished enhancement within the first 24
hours following surgery,89 and concurrent steroid med-
ication can significantly reduce the degree of tumoral
enhancement. Whilst macroscopic tumor residuum is
generally detected readily on early postoperative imaging,
smaller tumor remnants can represent a significant diag-
nostic challenge (Figure 7.45). In general, residual tumor
appears as nodular enhancement, whereas postoperative
non-tumoral enhancement tends to be linear or curvi-
linear, conforming to resection margins or punctate.90,91
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(d)

Figure 7.42d (d) Axial T2 image, showing the dorsal location of
the mass, particularly on the left and extending outwards through
the related neuroforaminal canal into the paraspinal region.

(a) (b)

Figure 7.43a,b Grade 3 left basal-ganglia-based tumor in a 17-year-old male. (a) Axial T2-weighted image, demonstrating an 
ill-defined hyperintense lesion with localized mass effect. (b) Post-contrast axial T1 image, showing a clear-cut central area of
enhancement within the T2 abnormality. 
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(c) (d)

Figure 7.43c,d (c) Magnetic resonance spectroscopy metabolite map, showing abnormally increased choline/N-acetyl aspartate
(NAA) ratios extending beyond the confines of the T1-enhancing abnormality. (d) Magnetic resonance spectrum, demonstrating an
abnormally elevated choline peak and depressed NAA peak measured at the posterior margin of the T2 abnormality, indicative of
tumor.

(a) (b)

Figure 7.44a,b Temporal lobe ganglioglioma in an 11-year-old girl. (a) Preoperative axial T1-weighted image, demonstrating a large,
heterogeneously right-temporal-lobe-based enhancing mass. (b) Imaging undertaken 24 hours postoperatively, demonstrating
macroscopic resection and postoperative changes. 



Non-tumoral enhancement related to the surgical proce-
dure occurs as a consequence of four major factors:13

• focal breakdown of the blood–brain barrier, with
leakage of contrast, which may occur as early as the
first few hours following surgery92 and probably
occurs in 50–60 per cent of MRI studies;91,93

• local tissue trauma, resulting in hyperemia and
contrast extravasation, which commences after the

third postoperative day and has a peak effect in the
fifth to fourteenth days postsurgery;89

• neovascularization due to angiogenesis within the
tumor bed, commencing within the first
postoperative week and persisting for several weeks.
This manifests itself initially as delicate linear
enhancement but becomes progressively thicker and
more problematic in terms of differentiation from
tumor residuum;
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(c) (d)

Figure 7.44c,d (c) Pre-contrast coronal T1-weighted image, demonstrating a clear plane of resection with an overlying subdural
hygroma. (d) Following contrast administration, note that the only enhancement seen is in relation to surface vessels.

(a) (b)

Figure 7.45a,b Postoperative imaging in a 15-year-old male 24 hours following resection of an ependymoma (preoperative imaging
demonstrated a large heterogeneously enhancing tumor). (a) Sagittal T1 image. There is some ill-defined hyperintensity within the bed
of the resected tumor, representing hematoma (hyperintense despite being only 24 hours old). Tumor bed hemostatic material was not
used, and there was no intralesional hemorrhage on the preoperative imaging. (b) Post-contrast sagittal T1-weighted image, showing
no related enhancement in the midline. 



• chronic gliosis and disruption of the blood–brain
barrier, which may manifest as persisting
enhancement for many months postsurgery.

Surgical intervention, particularly burr holes and
craniotomies, produces an immediate alteration in the
status of the dura due to an inflammatory reaction and
probable hyperemia. The dura may enhance within the
first few hours following surgery, and the enhancement
may persist for months or even years.18

Tumor bed material

The commonest non-tumoral abnormalities encountered
in the postoperative tumor bed are blood and hemostatic
material, particularly hemostatic gauze. Degradation of
blood clot to methemoglobin occurs within the first two
to three days following surgery, and may be even earlier
(Figure 7.45). The hyperintensity of extracellular methe-
moglobin on T1-weighed images presents potential diffi-
culty in the evaluation of the extent of surgical resection
and tumor residuum.92 Blood tracking down into the
spinal thecal sac will similarly provide potential pitfalls in
the assessment of the presence of CSF tumor spread. Thus,
every attempt should be made to undertake preoperative
whole-neuraxial imaging. If preoperative spinal imaging
cannot be undertaken, then the spine should be examined
at least three weeks after surgery.

Hemostatic gauze within the operative bed will
appear mild to moderately hyperintense on T1-weighted
images immediately following surgery and may persist as
such for weeks or even months (Figure 7.46). Blood clot
adherent to and enmeshed within the hemostatic gauze
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(c)

Figure 7.45c (c) Axial post-contrast T1 image. There is
enhancing tumor in the right side of the resection cavity,
extending confluently into the dorsal pons. Invasion of the
brainstem precluded complete excision of the tumor. There is 
no enhancement elsewhere within the surgical bed. Later
interval scanning (not shown) showed progression of the 
tumor at this site.

(a) (b)

Figure 7.46a,b Images in a six-year-old girl imaged four weeks following resection of a medulloblastoma. (a) Sagittal T1-weighted
image, showing hyperintensity in the inferior vermian region. Hemostatic gauze had been placed in the tumor bed to assist hemostasis.
(b) Post-contrast T1 image, demonstrating a little enhancement around the T1 hyperintensity in keeping with postsurgical reactive
enhancement. Discrete enhancing lesions are present in the midline in the supratentorial compartment, consistent with metastases
(more identified on adjacent slices).



probably accounts for the more prominently hyperin-
tense appearance seen in some cases.

CONCLUSION

The radiological evaluation of childhood CNS cancer has
become an integral part of the management of these
tumors. As many of these tumors are individually uncom-
mon, epidemiological studies and evaluation of treatment
protocols will necessarily involve multicenter multina-
tional collaborative studies. The recent development of
imaging protocols will help to standardize and systematize
the imaging strategy, which is of fundamental importance
for neuro-oncological therapeutic trials.

The continual evolution of imaging techniques offers
the potential for increasingly sensitive and targeted dia-
gnostic information. In the meantime, adherence to the
imaging principles described above and increased imple-
mentation of neuroradiological tumor panels will provide
an important platform for these future developments.
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INTRODUCTION AND OVERVIEW

A clinical trial is “any form of planned experiment which
involves patients and is designed to elucidate the most
appropriate treatment of future patients with a given
medical condition.”1 This definition describes concisely
the structured clinical investigation necessary to acquire
a clear understanding of the prognosis and treatment of
pediatric central nervous system (CNS) tumors. The 
definition encompasses a spectrum of types of clinical 
trials, which differ in their objectives, complexity, target
population, duration, and the numbers of patients
involved.

In clinical oncology research, it is convenient, although
not always completely accurate, to categorize clinical tri-
als as phase I, phase II, or phase III. In the conventional
and idealized sequence, phase I trials are preliminary
studies of new single agents or combination treatments
to establish a maximum tolerated dose (MTD). These are
followed by phase II trials, which obtain preliminary evi-
dence of efficacy of the drug or combination at the MTD
using short-term or surrogate efficacy endpoints. Finally,
phase III trials provide evidence of (lack of) efficacy
compared with a control or standard treatment based 
on definitive, long-term endpoints. Many clinical trials
cannot be categorized so easily, and designing trials to fit
into only one of these categories can be counterproductive.
However, it is useful to frame the discussion of clinical
trials within this simplest classification scheme.

There is a large literature on the design and analysis of
phase I, phase II, and phase III oncology clinical trials.

These methods were developed first in the context of adult
cancer, and they may not address adequately the additional
challenges presented by the design of clinical trials in
childhood CNS tumors. Most pediatric CNS tumors are
rarer than many adult cancers and other pediatric can-
cers, which limits the numbers of patients available to
clinical trials. CNS tumors are biologically diverse, so this
small patient resource must be divided further into smaller
homogeneous groups within which meaningful phase II
and phase III trials can be performed. In addition, enti-
ties such as medulloblastoma and primitive neuroecto-
dermal tumor (PNET) occur primarily in children, which
means that investigations will not have the benefit of
information provided by studies already conducted in
adults with similar tumors.

In this chapter, we will discuss clinical trials with
emphasis on their application to research in pediatric
CNS tumors. Each topic could easily be the subject of a
chapter itself. Hence, our objective is to highlight impor-
tant aspects of clinical trials and to provide references
that will assist the interested reader in further examination
of subtler issues.

PHASE I TRIALS

Phase I clinical trials are used to establish, as rapidly as
possible, the highest (maximum) tolerated dose of treat-
ment, and to determine the type and frequency of toxicity
that will occur with the treatment.2 Phase I trials would
ideally lead to phase II trials of treatment efficacy, which
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in most cases is best done at the highest dose that can be
administered safely.2

In a typical phase I trial, successive cohorts of patients
are treated with a sequence of higher and higher doses
until unacceptable levels of toxicity are encountered.
One presumes with these designs that increases in dose
will result in an increase in toxicity rate, an increase in
efficacy, or both. Dose can be thought of not only literally
as the dose of a chemotherapeutic agent, but any successive
change in dose, schedule, infusion rate, etc., of a drug 
or other treatment modality that is thought potentially
to increase efficacy but also potentially to increase rates
of unacceptable toxicity. A dose-escalation algorithm
with well-understood statistical properties ensures that a
minimum number of patients are treated at inappropri-
ately low levels or at unacceptably high dose levels.

In phase I trials in children, the MTD in adults often
has been determined already, so that problems associated
with underdosing early patients is less of a concern.2 In
cases where the MTD has not been determined, because
pediatric CNS tumors are rare, accelerated escalation
designs may provide added efficiency in terms of the
numbers of patients and the time required to reach the
MTD, while still minimizing the number of patients
treated at presumably subtherapeutic doses and without
compromising the precision of MTD estimates or plac-
ing more patients at risk for excess toxicity.3

Given the small sample sizes inherent in phase I trials,
determination of the MTD is very imprecise.4 Hence, the
evaluation of toxicity at the MTD will continue past
phase I into phase II, with the possibility of subsequent
increases or decreases of the dose, depending on the
additional toxicity and pharmacokinetics data that will
become available during the phase II trial.

Eligible patient population

The eligible population for a phase I trial comprises
patients who have adequate physiological status, so that
toxicities that are observed can be attributed primarily to
the agent being administered, rather than to a patient’s
poor status.2 Since the aim of phase I trials is to establish
a safe dose of a drug or treatment modality in advance of
subsequent treatment-efficacy studies, it is neither criti-
cal nor necessarily desirable to limit the trial to patients
with a specific histological diagnosis or tumor location,
unless the toxicity of the treatment is likely to be affected
by these considerations. Because phase I trials are some-
times performed without prior human data on toxicity
and efficacy, they are typically restricted to patients for
whom all known available treatments have been attempted
and failed, or in newly diagnosed patients whose progno-
sis is known to be extremely grave, even with the best
available treatment (e.g. intrinsic brainstem glioma).

Definitions of dose-limiting toxicity and
maximum tolerated dose

Dose-limiting toxicities (DLTs) are toxicities whose occur-
rence in a sufficiently large fraction of patients will cause
one to consider treatment infeasible. There is no one def-
inition of DLT that is applicable to all situations, so it is
important to define precisely what will be considered as a
DLT. For example, with myelosuppressive chemotherapy,
expected hematological toxicities would typically not be
considered DLTs unless they resulted in death or unac-
ceptable delays in therapy administration. Serious non-
hematological toxicities would be included. The definition
of DLT as the occurrence of any of the following may be
applicable to many situations:

• toxic death, which is death primarily attributable 
to treatment;

• any grade 4 non-hematological toxicity;

• any grade 3 non-hematological toxicity that does not
resolve within seven days after appropriate
intervention (grade 3 nausea and vomiting is not
included in this definition);

• failure to recover to absolute neutrophil count
(ANC) �500/�l and platelets �25 000/�l within
seven days of the last dose of therapy in any cycle.

There is some confusion in the literature and textbooks
about the definition of MTD, or at least inconsistency in
the use of terminology (e.g. see Smith et al.2 and Arbuck5).
The MTD is a population quantity that represents the
dose above which the rate of occurrence of any DLT will
exceed the tolerable rate. For example, given the above
definition of DLT, we may define the MTD as the maxi-
mum dose at which 20 per cent of patients of the type 
in the study would experience the DLT. The purpose of
a phase I trial is to estimate the MTD based on data.
Because of statistical variation, it is entirely possible (and,
in fact, expected) that the estimate of the MTD will differ
from the true population value of the MTD.

Standard cohort design

The “standard” phase I design treats cohorts of three to
six patients at each dose in a predetermined sequence of
escalating doses, as follows:6

1 Treat up to six patients at each dose level, but only
three at a time, starting with the lowest dose level.

2 If none of the first three patients at the dose level
experiences a DLT, then go up a dose level and treat
three patients. If exactly one experiences a DLT, then
treat three more at this level; if at most one of six has
experienced a DLT, then go up a dose level and treat
three patients. However, if two or more patients
experience DLTs at the dose level, then go down a



dose level (if a lower dose exists) and treat three
more patients (to a maximum of six).

3 The estimated MTD is the highest dose level at which
six patients are treated and no more than one patient
experiences a DLT.

When defining DLT, it is important to understand
that the MTD selected by the standard design is not likely
to be a dose at which DLTs would occur rarely in the
treated population. Rather, this statistical rule will, on aver-
age, settle on MTDs that cause DLTs in 15–20 per cent of
treated patients. This level of toxicity at the MTD may be
appropriate for serious but manageable toxicities, but it
is unlikely to be appropriate for toxicities resulting in
death or permanent organ damage. This is illustrated in
Figure 8.1, which is based on a simulation of 1000 iden-
tical phase I trials using the standard design. The figure
shows dose levels used in the trials (starting dose 1), the
true DLT rates in the target population of patients at each
dose level, and the probability that different dose levels
are selected as the MTD.

Note that the modal estimate of MTD is dose level 4,
which has a population DLT rate of 15 per cent. The aver-
age DLT rate of the selected MTD in these 1000 trials is
18 � 9 (mean � standard deviation (SD)) per cent, with
DLT rates of 25 per cent and above selected with probabil-
ity 0.29, and those with rates of 35 per cent and above
selected with probably 0.051. Hence, if 20 per cent is the
acceptable rate for the DLT, then this rule will significantly
underdose (DLT rate 	 10 per cent) with probability 0.30
and significantly overdose (DLT rate 
 30 per cent) with
probability 0.14. On the other hand, if ten per cent was the
highest acceptable DLT rate, then this rule will signifi-
cantly overdose (
20 per cent) with probability 0.49.

Other phase I designs

This points out one of the deficiencies in the standard
phase I design. Although this design is ubiquitous, simple,

and intuitive, its statistical rationale is weak.7,8 The
design does not allow one to target a different DLT rate
when this is dictated by considerations of the type and
severity of toxicities likely to be encountered. The MTD
determination also largely ignores the considerable infor-
mation available about toxicity from patients treated
around the selected dose.9 The design can also result in
the treatment of many patients at therapeutically subop-
timal doses when low starting doses are mandated. This
creates an ethical concern, since many patients go into
these trials with at least some expectation of deriving
therapeutic benefit from the treatment.8 In recent years,
phase I trial designs have been proposed to address 
many of these perceived deficiencies, including multi-
stage designs3,6,8 and continual reassessment method
(CRM).10–16 A very good comparison of the properties of
a number of proposed designs is provided by Ahn.17

Designs in which the starting dose and escalation scheme
are guided by pharmacokinetic parameters have been
used,7,18–20 which is important when one considers inter-
patient variability in drug metabolism and distribution,
especially in the context of variable doses of steroid or
other supportive care agents.

Procedural aspects and patient safety
monitoring

The purpose of the staged designs used in phase I trials 
is to ensure that patients are not treated at a higher dose
level before the current level can reasonably be certified
as safe. If a DLT can occur at any time during, say, an
eight-week course of treatment, then additional enrollment
should not occur into the study during the eight-week
evaluation period for the last patient entered from the
current stage. A deliberate effort should be made after
each stage to collect all relevant toxicity data, to review
these data within a small committee of coordinating
investigators, and to make a formal judgment of which
patients DLTs have occurred in. Procedures should be in
place in the study coordinating office to automatically
halt enrollment when enrollment of a stage has been
completed, and to restart enrollment only when the
reviewing committee has authorized it.

PHASE II TRIALS

The objective of phase II trials is to assess rapidly the effi-
cacy of a treatment. Most phase II studies are “group-
sequential,” enrolling and treating first an initial small
cohort of patients, with enrollment of additional cohorts
if adequate treatment response is observed. Designs that
utilize this philosophy are described by Chang et al.21 and
Simon.22
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Eligibility

The eligibility criteria for phase II studies are often similar
to those of phase I studies, but with two key refinements.
While phase I studies can be conducted in histologically
heterogeneous groups of tumors, phase II studies will often
necessarily target (histologically, biologically, stage) similar
groups of tumors to establish the efficacy within each type.
Secondly, patients enrolled on phase II studies must have
disease that is assessable for documenting response to
treatment. In the case of pediatric CNS tumors, this almost
always means that patients must have radiologically identi-
fiable tumors that can be measured serially during therapy.

Definition of response

The primary endpoint for most phase II trials is tumor
response, which for CNS tumors has typically been
defined in terms of the reduction in maximum cross-
sectional area by computed tomography (CT) or mag-
netic resonance imaging (MRI). More recently, however,
the so-called response evaluation criteria in solid tumors
(RECIST) criteria have been devised, whereby response
assessments are based on the maximum tumor diameter.
This simple measurement is ostensibly easier to assess, is
more reproducible, and results in equivalent conclusions
about treatment efficacy compared with definitions that
depend on cross-sectional area or tumor volume.23–25

Although there continues to be discussion about the
appropriateness of RECIST,26 it is useful to describe res-
ponse endpoints in this context, since it illustrates the
essential features of the problem and is easily adapted to
include measurements based on tumor area.

In RECIST criteria, lesions are classified as measura-
ble (i.e. can be measured in at least one dimension) or
non-measurable (e.g. positive cerebrospinal fluid (CSF)
cytology, diffuse seeding of tumor in the leptomeninges,
or other lesions that cannot be quantified but for which a
qualitative assessment of “positive” or “negative” can be
made). Some or all measurable lesions are identified as
“target lesions” and are used to define the reference
(baseline) measurement, which is the sum of the largest
diameter (SLD) of all the identified target lesions. All
other lesions are identified as non-target lesions and are
not measured, although their presence or absence is
noted. The response to treatment of target lesions is clas-
sified as follows:

• Complete response (CR): complete disappearance.

• Partial response (PR): 30 per cent reduction in the
SLD.

• Progressive disease (PD): 20 per cent increase in SLD
compared with its smallest value during treatment,
or appearance of new lesions.

• Stable disease (SD): all other situations.

Non-target lesions are classified as follows:

• CR: complete disappearance.

• Incomplete response/SD: less than complete
disappearance, but no new lesions.

• PD: appearance of new lesions.

The overall response to treatment is a synthesis of
response in target lesions, response in non-target lesions,
and the appearance of new lesions. For example, CR in
both target and non-target lesions without any new
lesions would be considered an overall CR, whereas CR
in target lesions but incomplete response/SD in non-
target lesions without new lesions would be considered
overall PR. Complete details of the RECIST criteria can
be found in Therasse et al.23

Standard two-stage design

The standard two-stage phase II study design involves
enrolling a small number of patients, evaluating the
response in this cohort, and then recruiting a second
cohort or halting the study, depending on the response in
the first cohort. In order to design a phase II trial, one
first selects a minimum acceptable response rate (p0) for
the treatment under study and also a higher response
rate (p1) that is high enough to definitely be of interest.
Typically, CR and PR are combined to compute overall
response rate. One then devises a simple statistical rule
that limits the chance of accepting a treatment that has
poor efficacy (i.e. its response rate p is less than p0), while
having a good chance of accepting a treatment with good
efficacy (i.e. its response rate p is at least p1). This is usu-
ally expressed in terms of a statistical hypothesis test:27

H0: p 	 p0 v. HA: p � p0

where appropriate values are chosen for the �-error rate
(type I error, false-positive rate) and �-error rate (type II
error, false-negative rate) corresponding to p0 and p1,
respectively. It is typical to set � � 0.05 and � � 0.80.
However, it is best to judge a rule by considering the
entire characteristic function (i.e. power curve).

Figure 8.2 shows the characteristic function for three
different two-stage rules, as described by Simon.22 These
designs were selected with the aid of a computer program,
OPT.28 All three rules have � 	 0.05 when p0 � 0.20,
which implies that treatments that produce a response in
less than 20 per cent of patients should be accepted only
rarely. Rules 1 and 2 were set so that � 	 0.20 when
p1 � 0.35; in other words, these rules will accept, with
probability 0.80, treatments that have a 35 per cent
response rate. Note that these two rules will accept nearly
100 per cent of treatments that have a response rate of
0.45 or more, but will accept only 50 per cent of treat-
ments that have a response rate of 0.30. Hence, even
though a treatment that produces a response rate of 0.30

Phase II trials 165



may be of some interest, the chosen design has only a
50/50 chance of identifying these treatments as promis-
ing. Rules 1 and 2 are different in the average number of
patients that will be treated. Rule 1 minimizes the average
number of patients that would be treated if the true res-
ponse rate were p0 � 0.20. One treats 22 patients in the
first stage and recruits 50 more patients if at least six of
22 show response. Ultimately, at least 20 of 72 responses
are required to accept the treatment as effective. Rule 2
minimizes the maximum number of patients treated and
requires at least seven of 31 responses in the first stage
and 16 of 53 responses ultimately to declare the treatment
effective. Rule 3 was devised with � � 0.20 when p1 �
0.50 and hence is less likely to detect a very large response
rate. Whereas rules 1 and 2 will identify a treatment with
a 0.30 response rate 80 per cent of the time, rule 3 will
identify such a treatment 40 per cent of the time.

Other phase II designs and combined 
phase I/phase II designs

While the study design described above is appropriate
when the intent is to identify drugs or treatments that are
cytotoxic, neither the RECIST criteria nor the design is
necessarily appropriate when the drug or modality is
cytostatic (e.g. anti-angiogenesis agents, differentiation
agents).29,30 Phase II trials in this context will rely on
longer-term endpoints, such as time to tumor progression,
and hence will resemble single-arm screening trials that
compare, for example, one-year progression-free survival
percentage with a historical or hypothetical baseline.

One issue that is of certain relevance to pediatric CNS
tumor trials is that of resource allocation. Since the number
of available patients is limited, it is important to allocate
patients to trials optimally.31 Randomized phase II trials32

have been proposed as a strategy to conduct concurrent
phase II evaluations of several therapies. In situations
where there are more therapeutic options concurrently
available than there are patients to evaluate them,

randomized phase II designs that compare efficacy can
be used to screen efficiently for the most effective treat-
ments.33,34 These strategies are predicated to some extent
on synchronous development of competing therapies
through phase I development. Hybrid phase I/II studies,35

possibly with intrapatient dose escalation36 to enhance
dose intensity, and designs that evaluate simultaneously
both toxicity and efficacy endpoints,37,38 are also possible.

PHASE III TRIALS

Phase III, or confirmatory, trials are prospective trials in
which a large number of patients are assigned randomly
to two or more different treatments, and then followed for
outcome. Randomized trials minimize or eliminate bias
that occurs with non-randomized, historically controlled
trials or reports of case series. Since patients who are
assigned to different treatments are treated and followed
in contemporary time, improvements in imaging technol-
ogy, surgical technique, and supportive care measures,
changes in definitions of pathological entities, and other
factors that affect outcome are represented equally in all
treatment groups. Random allocation also ensures that
inadvertent preferential selection of patients with better or
worse prognosis for a particular treatment does not occur.

There is continued discussion on the need for per-
forming randomized trials to demonstrate the efficacy of
new treatments.39–41 Non-randomized, historically con-
trolled trials may sometimes be attractive in research in
pediatric CNS tumors because these diseases are rare,
and traditionally sized (by adult cancer standards) phase
III randomized trials may take many years to complete,
even in multi-institutional settings. Ironically, it is the
fact that pediatric CNS tumors are rare that makes his-
torical controls less attractive, because a sufficiently sized
historical cohort accumulated over many years will not
likely be comparable with a similarly sized cohort treated
prospectively over a similar number of years. Hence, well-
designed, randomized clinical trials provide the most
convincing evidence of which of several alternative treat-
ments is best. Nevertheless, when outcome with standard
or available treatments is predictably grave, such as for
pediatric brainstem tumors42 or high-grade glioma,43 then
a randomized trial, although perhaps scientifically desir-
able, may be less ethically justifiable or practically feasible
since randomization to a known ineffective treatment is
unattractive to patients and physicians.44

Eligible patient population

Patients who are included in a phase III trial should be
those to whom the scientific question will apply and for
whom the proposed therapy or therapies are appropriate
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and safe. The patient cohort should otherwise mimic
clinical practice as closely as possible by allowing entry of
any patients for whom the treatments in the study would
be appropriate.45

Patients should never be excluded from analysis – i.e.
described as “not eligible” or censored (see below) – based
on events that occur after the patient has been enrolled
and the treatment has started. Especially in randomized
trials, one assumes that any and all events that occur after
the start of treatment are possibly related to the treat-
ment. Excluding patients based on post-entry events 
distorts the patient population and reduces the generaliz-
ability of the study, since it defines the population based
on information that will not be available to a physician
who is deciding on what treatment course to take for a
new patient. For example, patients who cannot tolerate
an assigned treatment and hence must receive a signifi-
cantly modified treatment or alternative treatment must
be included because they inform about the practical effi-
cacy of the treatment in the general population. The out-
come in only the patients who can complete the therapy
is irrelevant to a physician who must decide whether to
use the treatment.

Endpoints for phase III trials

Phase III trials in pediatric CNS tumors are almost always
designed to decide which treatment can most effectively
control and, ideally, eliminate the tumors, while causing
the least possible morbidity. Whereas the primary end-
points for analysis of phase I and phase II studies are the
short-term endpoints of toxicity and tumor response,
the endpoints for phase III trials measure disease control
and patient cure and morbidity in the long term. Typical
primary endpoints for phase III trials are:

• overall survival (OS): the time from the start of
treatment (or other appropriate time) to death from
any cause;

• event-free survival (EFS): the time from start of
treatment to radiologically confirmed disease
progression or recurrence, death from any cause, or
occurrence of a second malignant neoplasm (SMN),
whichever comes first.

Notice that the definition of EFS includes all possible
events that can be considered treatment failures, whether
they are related directly to disease recurrence or related
indirectly to the side effects of the treatment. Although
including non-cancer related events may seem counter-
intuitive, the alternative will lead to biased comparisons.
If one were to compare a “mild” treatment that cures 50
per cent of patients with an “aggressive” treatment that
results in toxic death in 16 per cent of patients but cures
60 per cent of the patients who survive the treatment,
the latter treatment would look superior if only disease

recurrence or progression were counted, but would be
nearly identical in terms of EFS, and would overall be infe-
rior when one considers also the toxicity of the treatment.

In some trials, other endpoints can be used. For 
example, neuroaxis dissemination may be an important
endpoint for the study of reduced-dose neuroaxis radia-
tion therapy in non-disseminated medulloblastoma. It is
important, however, to analyze these specific endpoints
as components of more general, primary endpoints, such
as EFS, which reflect overall treatment success.46

Randomization and stratification

Randomization is a process by which one of several alter-
native treatments is assigned to patients independently
of influence from the patient, the treating physician,
and the study investigators. Clearly, a randomized trial
cannot be promoted ethically to a patient who prefers a
treatment that is available without study participation,
or participated in by a physician who cannot recommend
any of the study treatments to the patient with clinical
equipoise or substantial uncertainty as to which, if any, of
the treatments is better (although there is considerable
ongoing debate, beyond the scope of this chapter, on what
comprises an acceptable degree of equipoise or uncer-
tainty47–50). Given that this hurdle has been surmounted,
there are a number of ways to generate randomized treat-
ment assignments.

The simplest method is simple random allocation.
For a two-treatment randomized trial, this is equivalent
to flipping a coin and assigning “heads” to one treatment
and “tails” to another. Today, one would use computer-
generated pseudo-random numbers. For example, to
randomize between one of three treatments, one could
generate a random number between 1 and 999 inclusive,
and allocate treatment 1 if number 1–333 occurred,
treatment 2 if number 334–666 occurred, and treatment
3 if number 667–999 occurred. In most randomized trials,
however, blocked randomization or stratified/blocked
randomization is employed. Stratified/blocked random-
ization guarantees that similar numbers of patients are
treated with each treatment, and that important patient
characteristics are approximately balanced in all treat-
ment groups. These methods also simplify presentation
of data and can increase statistical precision in analysis,
although with some increased organizational overhead.28,51

There are a number of rules that should be followed
in randomization. First, randomization should occur
only for patients who can be treated appropriately with
any of the possible treatments in the study. Patients who
are not eligible in this sense should be screened out
before randomization.

Second, treatment assignments are final and irrevoca-
ble. For example, if a patient is randomized within the
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wrong stratum (e.g. in the age under ten years stratum
versus the age 11 years or over stratum), there is no
option to re-randomize the patient within the “correct”
stratum, nor is there any need to make this correction,
since stratum mistakes are generally inconsequential to
the analysis. Allowing re-randomization opens the pro-
cess to manipulation that can introduce bias.

Third, in order to assure that the required eligibility
screening and unbiased treatment assignment are per-
formed, randomization should be made by a central
coordinating office. The practice of distributing envelopes
to individual centers or allowing centers to perform their
own randomization is unacceptable, since such systems
can be manipulated.

Fourth, randomization should occur as closely as pos-
sible to the point at which the experimental treatments
differ. For treatments that differ early, the randomization
can occur at the time of study entry – patients eligible for
the randomization are the same as those eligible for the
study. However, for treatments that differ late in treat-
ment, the randomization should also occur late in treat-
ment, and hence a separate screening for randomization
eligibility should be undertaken.52

METHODS FOR SURVIVAL ANALYSIS

The most commonly used methods of analysis of
phase III trials in oncology are based on the product limit
(Kaplan–Meier) estimate, which is used to estimate the
percentage of patients who survive or survive event-free
(e.g. five-year OS, three-year EFS, etc.), and the log-rank
test and Cox regression analysis, which are used to com-
pare OS and EFS among treatment or prognostic groups.53,54

These methods account correctly for patient censoring,
which is a unique feature of survival data. Censoring
occurs because many patients in clinical trials do not expe-
rience the treatment failure endpoint during the trial
period, either because they have essentially been cured of
the disease or because they have not been followed long
enough at the time of analysis. As noted above, patients
should not be censored in survival analysis for reasons
that can possibly be related to the treatment or the disease.

The log-rank test is based on the notion that a treat-
ment that results in a higher long-term OS or EFS
exhibits at all times a lower failure (or hazard) rate (i.e.
the number of events that occur per unit time). This test
is most sensitive to these so-called proportional-hazards
(PH) differences. Although there is no biological reason
to believe that the PH assumption will hold absolutely,
and in fact there are examples where it clearly does 
not hold,55,56 in most circumstances the PH assumption
provides a reasonable description of the difference in
outcome between treatment or prognostic groups.

The quantity that reflects PH differences is the relative
failure rate (RFR), which equals one when two treatments

result in the same EFS, and equals 0.5 when one treat-
ment results in a failure rate that is half the failure rate of
another treatment.

How big should a phase III trial be?

In statistical hypothesis testing, one asks whether the
data from a clinical trial provide compelling evidence
that the true value of a parameter (in this case, RFR) are
different from a hypothesized value. Since one wants to
make positive assertions based on the data, the null
hypothesis (H0) usually represents the state of nature
that is not of interest, and the alternative hypothesis (HA)
represents that which is of interest. For the log-rank test,
the null and alternative hypotheses would be stated as:

H0: RFR � 1 v. HA: RFR 1

One first adjusts the test’s critical value (the log-rank
value above which one would declare a difference) to
achieve an acceptable �-error (type I error, false-positive)
rate and recruits sufficient numbers of patients to achieve
a low �-error (type II error, false-negative) rate for the
smallest difference of practical clinical interest. Commonly
accepted values are � � 0.05 and � � 0.20; 1 � � is called
the power of the test.

An important feature of the log-rank test is that the
effective sample size is not the number of patients that
are randomized but rather the average number of treat-
ment failure events that will be observed during the trial.
Hence, a trial with 43 patients in each of two treatments,
one with long-term EFS of 0.25 and the other with long-
term EFS of 0.50, will have about the same power to
detect this twofold difference as a study of 185 patients in
each of two treatments, where the long-term EFS is 0.81
and 0.90, respectively. Note that even though RFR is 0.5
in both situations, in absolute terms the first study
detects a 0.25 difference in long-term EFS (0.50 versus
0.25) whereas the second detects a difference of 0.09
(0.90 versus 0.81). In other words, the same RFR differ-
ence between two treatments will correspond to different
absolute difference in EFS or OS, depending on the aver-
age prognosis of the patients being studied. (An algebraic
consequence of the PH assumption is that EFSB �
EFSA

RFR, where EFSB and EFSA are the EFS percentages 
for treatments B and A, respectively, and RFR is the rela-
tive failure rate in group B compared with group A.)

As a rule of thumb, one has to observe 70 failures in the
course of the trial to detect RFR � 0.5 with power of 0.80,
using a two-sided 0.05 log-rank test, 100 events to detect
RFR � 0.56, 200 events to detect RFR � 0.67, and 350
events to detect RFR � 0.75. A method for computing
sample size that is appropriate for pediatric cancer, where
it is expected that a non-negligible fraction of patients will
be cured of disease, is described by Sposto and Krailo.57
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A dilemma that sometimes occurs in conducting ran-
domized studies in rare pediatric CNS tumors is that even
with large, multi-institutional collaborations, it may be
impossible to design a trial that can be accomplished in a
reasonable time (e.g. less than ten years) and that is suffi-
ciently large to achieve traditionally small �- and �-errors
to detect the smallest difference that is really of clinical
interest. In this case, the only available options are (i) to
conduct a very large, long, randomized study, the results
from which may be irrelevant when they become available;
(ii) to conduct a smaller, randomized trial that is well-
controlled but has higher-than-traditional error rates;
(iii) to conduct a single-treatment, historically controlled
study that is somewhat more precise but may be subject to
bias; and (iv) to conclude that the proposed study question
can never be feasibly answered. There is no uniformly best
option to choose, although conducting a smaller, random-
ized trial is a reasonable approach in some situations.58

Intent-to-treat analysis

In randomized clinical trials, there is an accepted con-
vention of intent-to-treat analysis. Although there are sev-
eral, distinct issues of intent-to-treat, the most important
for randomized trials is concerned with how one handles
deviations from assigned treatment. Sometimes a patient
will agree to be randomized, but after randomization will
switch or be switched to another of the available treatments
on the study, or the patient or physician may opt for an
entirely different treatment, either because of preference
or because the treatment cannot be tolerated. The principle
of intent-to-treat says that patients who switch or other-
wise deviate from the assigned treatment may not be
excluded from the randomized trial, and nor should they
be censored at the time of deviation from treatment.
Rather, they should be included in the primary analysis
according to the randomly assigned treatment. This may
seem counterintuitive, but there are sound reasons to
adhere to this philosophy, since decisions to change treat-
ment are often influenced by factors that also influence
prognosis, and excluding such patients potentially renders
the randomized groups incomparable.59 It is best to think
of a randomized trial as a comparison of groups of patients
treated by different initial intents but who may unavoidably
deviate from the intended treatment, rather than thinking
of it as a comparison of artificially constructed, “pure”
groups of patients who receive only the experimental treat-
ment, when such groups of patients do not exist in practice.

Interim safety monitoring and criteria for
early stopping

As in phase I and phase II trials, phase III trials will
include scheduled, interim analyses of the data in order

to discover early, compelling evidence that one treatment
is superior or inferior to the others. Depending on the
length of the study and the rapidity with which events are
observed, these interim analyses may be scheduled semi-
annually, annually, or perhaps at one or two key times
during the study. The motivation for performing interim
analyses is to avoid the unacceptable situation wherein
one discovers at the end of a long, randomized trial that
an extremely large benefit for one treatment exists and
that this would have been abundantly clear early on in
the study. Sophisticated statistical methods have been
developed to conduct these analyses in a way that does
not compromise the statistical design of the study by
inflating the false-positive (�) error rate.60,61

Reduction in treatment (equivalence) trials

As treatments for pediatric CNS tumors improve, or as
homogeneous subsets of patients with better long-term
prognosis are identified, the objectives of randomized
trials shift from improving EFS with minimal increase in
morbidity to decreasing morbidity with minimal decrease
in efficacy. Consider, for example, the treatment of average-
risk medulloblastoma.62,63 These so-called reduction-
in-therapy or equivalence trials will include primary
endpoints that reflect both efficacy (e.g. EFS) and mor-
bidity (e.g. quality of life, cognitive function). These
studies will be designed to protect against clear reduc-
tions in efficacy while simultaneously detecting impor-
tant improvements in long-term morbidity.64–67

SOME GENERAL ISSUES IN CLINICAL TRIALS

The study protocol document

All clinical trials should be described in a protocol docu-
ment, which is a comprehensive description of all aspects
of the study. The protocol should describe the objectives
of the research, the rationale and background for per-
forming the research, the details of treatment and patient
management, guidelines for surgery, radiology, radiation
therapy, chemotherapy, pathology, and any other medical
disciplines in the study. The protocol should also describe
which patients are eligible for the study, the study design,
including the number of patients required, the duration
of the study, the primary and secondary endpoints,
planned statistical analyses, interim safety monitoring
rules, the data that are to be collected, and enrollment
and randomization procedures. This is by no means a
comprehensive list. The protocol document should contain
any information that is required by physicians involved
in treating or managing patients on the study, or staff
involved in coordinating or administering the study, or



reviewers charged with scientific, methodological, patient
safety, or ethical review of the study. An excellent discus-
sion of the required contents of protocol documents can
be found in Piantadosi.28

Data acquisition, quality assurance, and
security

The data that will be required to analyze and administer
a clinical trial should be planned in advance. This will
naturally include data to establish eligibility, any other
pretreatment data that will be of research interest, and
follow-up data that comprise toxicity, details of treat-
ment administration, tumor response, disease recurrence,
and follow-up and life status. The amount of detail that
is necessary in each of these broad categories depends on
whether the primary focus of the study is toxicity (phase
I), short-term response (phase II), or long-term outcome
(phase III). For any study, the research data collection
should be parsimonious. The goal is to include only those
data necessary to answer the research questions and to
coordinate the study. The goal is not to computerize the
medical record.

One should maintain a regular schedule for reviewing
and updating the trial data. For small, single-institution
studies, a weekly or monthly review of patient charts
should be conducted, and the new data entered in the
database. For larger, multi-institutional studies, paper
forms or computer/web-based data entry mechanisms
should be provided by which data can be submitted at
will by participating institutions. As part of every review
and update cycle, computerized data reports should be
produced that identify missing or contradictory data
items and delinquencies in follow-up, so that these can
be corrected. Ensuring that data are kept accurate and
up-to-date is essential, since an important part of the
coordination of a clinical trial is the protection of patient
safety through periodic monitoring and analysis. Safety
monitoring procedures will be ineffective if current,
accurate data are not available.

Data from a clinical trial should be backed up rou-
tinely and securely. Most large institutions have centrally
administered computer networks with sophisticated
procedures for backing up network volumes. These insti-
tutions also maintain firewalls and anti-virus software to
protect the network from external snooping, vandalism,
and computer viruses. In this kind of environment, one
should avoid storing computerized research data on
individual computer workstations, instead making sure
that they are stored on network volumes. If a centrally
administered computer environment is not available,
then procedures for routine back-up, anti-virus protec-
tion, and security will have to be provided on the com-
puter or computers where the data are stored.

Guidelines for reporting the results of
clinical trials

Careful, thorough, and concise reporting of the results 
of clinical trials is important in getting the result of the
trials accepted and in allowing others to compare the
results of the trial with other research and with their own
experience. Recently, detailed guidelines for the report-
ing of randomized clinical trials have been described 
(the CONSORT statement68,69). In addition, an excel-
lent, detailed discussion of reporting of all types of
clinical trials is given by Piantadosi.28

ETHICAL ISSUES IN THE CONDUCT OF
CLINICAL TRIALS

The important difference between clinical trials and
other types of experimental science is the involvement of
humans, and the resulting requisite care on the part of
the investigators to ensure that patients are informed
fully of their participation in an experiment and that
there are risks as well as possible benefits that derive from
their participation.

Declaration of Helsinki

Virtually all countries that perform clinical trials adhere
to the Declaration of Helsinki, the international agree-
ment that outlines ethical principles in the conduct of
medical research.49,70 This agreement reaffirms the duty
of physicians to safeguard the welfare of patients, and to
participate only in research that is scientifically sound,
sufficiently important that benefits to society can out-
weigh risks to subjects, conducted with the full knowl-
edge and voluntary participation of the subjects, and
reviewed independently for adherence to accepted ethi-
cal and safety conventions. The most recent version of
the Declaration of Helsinki includes revisions designed
to address the issue of randomized trials conducted in
developing nations, and adds a statement that the results
of the medical research must have a reasonable likeli-
hood of benefiting the population in which the research
was conducted.70

Institutional review board or research ethics
committee

Study protocols should be reviewed by special ethical
review committees that are independent of the investiga-
tors or sponsors of the research. The composition of these
committees will differ, depending on the laws and regula-
tions of the country where the research is performed. The
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charge of this committee is to ensure that the research
adheres to accepted ethical and patient safety practices.
Most major institutions participating in clinical research
have a standing research ethics committee that reviews
all research conducted at the institutions, regardless of
whether the institution has originated the research or is
simply participating in it.

Informed consent

All patients should be aware that they will be participat-
ing in scientific research, that there may be risks as well 
as benefits to participating in this research, and that they
can decline to participate in the research or withdraw
from participation in the research at any time without
compromising the care that they will receive. These rights
should be explained to patients and their parents or
responsible carers in person, either by the treating physi-
cian or another member of the medical team who is
familiar with the research. In addition, the parents (or
responsible carers) and patients should be provided with
an “informed consent” document that describes in detail,
but in understandable language, the risks and benefits of
participating in the research, and their rights and expec-
tations as patients. An informed consent document should
be signed by the patient or the patient’s guardian before
enrollment into the study and before the start of any part
of the treatment that can be considered experimental.71

Patient confidentiality

Patient confidentiality with respect to the data collected
in clinical trials must be maintained as stringently (or
more so) as would be the case for patients’ medical
records. Since clinical trials data will be reviewed and
analyzed by non-medical personnel (e.g. statisticians,
study coordinators) who are not primarily responsible
for the patient’s care, the research charts should be avail-
able only to those people who need to see them. In addi-
tion, the computerized research data should be stored
without patient names, instead being identified with a
unique patient-identification number. There will be a
need to link this at times to the patient’s name, but the
correspondence between the identifier and the named
patient should be kept in a separate, secure computer file
with restricted access.

Data and safety monitoring board

In randomized, phase III clinical trials, it is an accepted
practice that a data and safety monitoring board (DSMB)
or data monitoring committee (DMC) be constituted.72–74

The rationale for these committees is that investigators
who are involved directly in the trial are probably not in

the best position to evaluate impartially the accumulat-
ing evidence about whether treatments differ, and to
weigh this information against the risks and benefits to
future patients of continuing the trial. The membership
of the DSMB should include, at least, several physicians
who are expert in research in the treatment of CNS
tumors, and a non-affiliated biostatistician; the board
may also include an expert on ethics and a lay patient
advocate. The DSMB will usually meet every six months
or yearly, depending on the study and the details of the
interim statistical monitoring. The board will be pro-
vided with a detailed report of treatment toxicities and
other side effects, deaths, and treatment failures that have
occurred, and a formal interim statistical analysis of the
result to date. These will be provided in a report pro-
duced by the study biostatistician. They will also include
a discussion of problems with occurrence and manage-
ment of toxicities provided by the physician coordinator
of the study. In most instances, the physician coordinator
will be blinded to any of the interim statistical analysis. It
should be said that there is no uniform agreement about
the need for an independent monitoring committee.75

MULTIDISCIPLINARY COLLABORATION IN
THE DESIGN OF CLINICAL TRIALS

As this chapter has highlighted, there are many impor-
tant aspects of clinical trials that can affect the ability of
the trial to answer the scientific question that is being
posed. It is important, therefore, that the design of clini-
cal trials be developed with close collaboration between
representatives of all medical (e.g. surgery, pathology,
radiology) and non-medical (e.g. biostatistics, pharmacy,
nursing) disciplines that will be instrumental to the con-
duct of the trial, care of patients enrolled on the trial, and
the analysis and publication of results. Multidisciplinary
collaboration ensures that studies address well-defined
hypotheses and objectives, that endpoints for achieving
these objectives are defined clearly, that the data neces-
sary to evaluate the objectives will be collected, that patients
are treated and managed according to the treatment as
described in the protocol, that the study design is efficient,
that statistical analyses provide a clear answer, and that
statistically valid patient safety monitoring rules are in
place.

REFERENCES

1 Pocock SJ. Clinical Trials: A Practical Approach. New York: John
Wiley and Sons, 1983.

2 Smith M, Bernstein M, Bleyer WA, et al. Conduct of phase I
trials in children with cancer. J Clin Oncol 1998; 16:966–78.

References 171



3 Simon R, Freidlin B, Rubinstein L, Arbuck SG, Collins J, 
Christian MC. Accelerated titration designs for phase I clinical
trials in oncology. J Natl Cancer Inst 1997; 89:1138–47.

4 Christian MC, Korn EL. The limited precision of phase I trials.
J Natl Cancer Inst 1994; 86:1662–3.

5 Arbuck SG. Workshop on phase I study design. Ninth NCI/EORTC
New Drug Development Symposium, Amsterdam, March 12,
1996. Ann Oncol 1996; 7:567–73.

6 Korn EL, Midthune D, Chen TT, Rubinstein LV, Christian MC,
Simon RM. A comparison of two phase I trial designs.
Stat Med 1994; 13:1799–806.

7 Mick R, Ratain MJ. Model-guided determination of maximum
tolerated dose in Phase I clinical trials: evidence for increased
precision. J Natl Cancer Inst 1993; 85:217–23.

8 Ratain MJ, Mick R, Schilsky RL, Siegler M. Statistical and ethical
issues in the design and conduct of phase I and II clinical trials
of new anticancer agents. J Natl Cancer Inst 1993; 85:1637–43.

9 Storer BE. Design and analysis of phase I clinical trials.
Biometrics 1989; 45:925–37.

10 Miller S. An extension of the continual reassessment methods
using a preliminary up-and-down design in a dose finding
study in cancer patients, in order to investigate a greater
range of doses. Stat Med 1995; 14:911–22, 923.

11 O’Quigley J, Pepe M, Fisher L. Continual reassessment method:
a practical design for phase 1 clinical trials in cancer.
Biometrics 1990; 46:33–48.

12 O’Quigley J, Chevret S. Methods for dose finding studies in 
cancer clinical trials: a review and results of a Monte Carlo
study. Stat Med 1991; 10:1647–64.

13 Goodman SN, Zahurak ML, Piantadosi S. Some practical
improvements in the continual reassessment method for phase
I studies. Stat Med 1995; 14:1149–61.

14 Chevret S. The continual reassessment method in cancer phase
I clinical trials: a simulation study. Stat Med 1993;
12:1093–108.

15 Piantadosi S, Fisher JD, Grossman S. Practical implementation
of a modified continual reassessment method for dose-finding
trials. Cancer Chemother Pharmacol 1998; 41:429–36.

16 Rinaldi DA, Burris HA, Dorr FA, et al. Initial phase I evaluation
of the novel thymidylate synthase inhibitor, LY231514, using
the modified continual reassessment method for dose
escalation. J Clin Oncol 1995; 13:2842–50.

17 Ahn C. An evaluation of phase I cancer clinical trial designs.
Stat Med 1998; 17:1537–49.

18 Gianni L, Vigano L, Surbone A, et al. Pharmacology and clinical
toxicity of 4�-iodo-4�-deoxydoxorubicin: an example of
successful application of pharmacokinetics to dose escalation
in phase I trials. J Natl Cancer Inst 1990; 82:469–77.

19 Collins JM, Grieshaber CK, Chabner BA. Pharmacologically
guided phase I clinical trials based upon preclinical drug
development. J Natl Cancer Inst 1990; 82:1321–6.

20 Berlin J, Stewart JA, Storer B, et al. Phase I clinical and
pharmacokinetic trial of penclomedine using a novel, 
two-stage trial design for patients with advanced malignancy.
J Clin Oncol 1998; 16:1142–9.

21 Chang MN, Therneau TM, Wieand HS, Cha SS. Designs for
group sequential phase II clinical trials. Biometrics 1987;
43:865–74.

22 Simon R. Optimal two-stage designs for phase II clinical trials.
Control Clin Trials 1989; 10:1–10.

23 Therasse P, Arbuck SG, Eisenhauer EA, et al. New guidelines to
evaluate the response to treatment in solid tumors. European
Organization for Research and Treatment of Cancer, National
Cancer Institute of the United States, National Cancer
Institute of Canada. J Natl Cancer Inst 2000; 92:205–16.

24 James K, Eisenhauer E, Christian M, et al. Measuring response
in solid tumors: unidimensional versus bidimensional
measurement. J Natl Cancer Inst 1999; 91:523–8.

25 Hilsenbeck SG, Von Hoff DD. Measure once or twice – does it
really matter? J Natl Cancer Inst 1999; 91:494–5.

26 Gehan EA, Tefft MC. Will there be resistance to the RECIST
(Response Evaluation Criteria in Solid Tumors)? J Natl Cancer
Inst 2000; 92:179–81.

27 Dixon WJ, Massey FJ. Introduction to Statistical Analysis,
3rd edn. New York: McGraw-Hill, 1969.

28 Piantadosi S. Clinical Trials: A Methodologic Perspective.
New York: John Wiley & Sons, 1997.

29 Mick R, Crowley JJ, Carroll RJ. Phase II clinical trial design for
noncytotoxic anticancer agents for which time to disease
progression is the primary endpoint. Control Clin Trials 2000;
21:343–59.

30 Korn EL, Arbuck SG, Pluda JM, Simon R, Kaplan RS, 
Christian MC. Clinical trial designs for cytostatic agents: 
are new approaches needed? J Clin Oncol 2001; 19:265–72.

31 Whitehead J. Designing phase II studies in the context 
of a programme of clinical research. Biometrics 1985; 41:
373–83.

32 Simon R, Wittes RE, Ellenberg SS. Randomized phase II clinical
trials. Cancer Treat Rep 1985; 69:1375–81.

33 Strauss N, Simon R. Investigating a sequence of randomized
Phase II trials to discover promising treatments. Stat Med
1995; 14:1479–89.

34 Thall PF, Estey EH. A Bayesian strategy for screening cancer
treatments prior to phase II clinical evaluation. Stat Med
1993; 12:1197–211.

35 Thall PF, Russell KE. A strategy for dose-finding and safety
monitoring based on efficacy and adverse outcomes in phase
I/II clinical trials. Biometrics 1998; 54:251–64.

36 Blaney SM, Needle MN, Gillespie A, et al. Phase II trial of
topotecan administered as 72-hour continuous infusion in
children with refractory solid tumors: a collaborative Pediatric
Branch, National Cancer Institute, and Children’s Cancer
Group Study. Clin Cancer Res 1998; 4:357–60.

37 Conaway MR, Petroni GR. Bivariate sequential designs for
phase II trials. Biometrics 1995; 51:656–64.

38 Conaway MR, Petroni GR. Designs for phase II trials allowing
for a trade-off between response and toxicity. Biometrics
1996; 52:1375–86.

39 Pocock SJ, Elbourne DR. Randomized trials or observational
tribulations? N Engl J Med 2000; 342:1907–1909.

40 Concato J, Shah N, Horwitz RI. Randomized, controlled trials,
observational studies, and the hierarchy of research designs.
N Engl J Med 2000; 342:1887–92.

41 Benson K and Hartz AJ. A comparison of observational 
studies and randomized, controlled trials. N Engl J Med 2000;
342:1878–86.

42 Mandell LR, Kadota R, Freeman C, et al. There is no role for
hyperfractionated radiotherapy in the management of children
with newly diagnosed diffuse intrinsic brainstem tumors:
results of a Pediatric Oncology Group phase III trial comparing

172 Clinical trials



References 173

conventional vs. hyperfractionated radiotherapy. Int J Radiat
Oncol Biol Phys 1999; 43:959–64.

43 Finlay JL, Boyett JM, Yates AJ, et al. Randomized phase III trial in
childhood high-grade astrocytoma comparing vincristine,
lomustine, and prednisone with the eight-drugs-in-1-day
regimen. Childrens Cancer Group. J Clin Oncol 1995; 13:112–23.

44 Emanuel EJ, Patterson WB. Ethics of randomized clinical 
trials. J Clin Oncol 1998; 16:365–6, 366–71.

45 George SL. Reducing patient eligibility criteria in cancer
clinical trials. J Clin Oncol 1996; 14:1364–70.

46 Prentice RL, Kalbfleisch JD, Peterson AV, Jr, Flournoy N,
Farewell VT, Breslow NE. The analysis of failure times in the
presence of competing risks. Biometrics 1978; 34:541–54.

47 Sackett DL. Uncertainty about clinical equipoise. There is
another exchange on equipoise and uncertainty. Br Med J
2001; 322:795–6.

48 Lilford RJ. Uncertainty about clinical equipoise. Clinical
equipoise and the uncertainty principles both require further
scrutiny. Br Med J 2001; 322:795.

49 Lilford RJ, Djulbegovic B. Declaration of Helsinki should be
strengthened. Equipoise is essential principle of human
experimentation. Br Med J 2001; 322:299–300.

50 Weijer C, Shapiro SH, Cranley Glass K. For and against: clinical
equipoise and not the uncertainty principle is the moral
underpinning of the randomised controlled trial. Br Med J
2000; 321:756–8.

51 Peto R, Pike MC, Armitage P, et al. Design and analysis of
randomized clinical trials requiring prolonged observation of
each patient. I. Introduction and design. Br J Cancer 1976;
34:585–612.

52 Durrleman S, Simon R. When to randomize? J Clin Oncol 1991:
9:116–22.

53 Kalbfleisch J, Prentice R. The Statistical Analysis of Failure 
Time Data. New York: John Wiley and Sons, 1980.

54 Peto R, Pike MC, Armitage P, et al. Design and analysis of
randomized clinical trials requiring prolonged observation of
each patient. II. analysis and examples. Br J Cancer 1977;
35:1–39.

55 Matthay KK, Villablanca JG, Seeger RC, et al. Improved
outcome for high risk neuroblastoma with high dose therapy
and purged autologous bone marrow transplantation and with
subsequent 13-cis-retinoic acid. N Engl J Med 1999;
341:1165–73.

56 Nesbit ME, Buckley JD, Feig SA, et al. Chemotherapy for
induction of remission of childhood acute myeloid leukemia
followed by marrow transplantation or multiagent
chemotherapy: a report from the Children’s Cancer Group.
J Clin Oncol 1994; 12:127–35.

57 Sposto R, Sather HN. Determining the duration of comparative
clinical trials while allowing for cure. J Chronic Dis 1985;
38:683–90.

58 Sposto R, Stram DO. A strategic view of randomized trial
design in low-incidence cancer. Stat Med 1999; 18:1183–97.

59 Lee YJ, Ellenberg JH, Hirtz DG, Nelson KB. Analysis of clinical
trials by treatment actually received: is it really an option?
Stat Med 1991; 10:1595–605.

60 Lan KK, Rosenberger WF, Lachin JM. Use of spending functions
for occasional or continuous monitoring of data in clinical
trials. Stat Med 1993; 12:2219–31.

61 Betensky RA. Conditional power calculations for early
acceptance of H0 embedded in sequential tests. Stat Med
1997; 16:465–77.

62 Packer RJ, Goldwein J, Nicholson HS, et al. Treatment of
children with medulloblastomas with reduced-dose
craniospinal radiation therapy and adjuvant chemotherapy: a
Children’s Cancer Group Study. J Clin Oncol 1999; 17:2127–36.

63 Bailey CC, Gnekow A, Wellek S, et al. Prospective randomised
trial of chemotherapy given before radiotherapy in childhood
medulloblastoma. International Society of Paediatric Oncology
(SIOP) and the (German) Society of Paediatric Oncology (GPO):
SIOP II. Med Pediatr Oncol 1995; 25:166–78.

64 Durrleman S, Simon R. Planning and monitoring of
equivalence studies. Biometrics 1990; 46:329–36.

65 Fleming TR. Design and interpretation of equivalence trials.
Am Heart J 2000; 139:S171–6.

66 Com-Nougue C, Rodary C, Patte C. How to establish
equivalence when data are censored: a randomized trial of
treatments for B non-Hodgkin’s lymphoma. Stat Med 1993;
12:1353–64.

67 Whitehead J. Sequential designs for equivalence studies.
Stat Med 1996; 15:2703–15.

68 Altman DG, Begg C, Cho M, et al. Better reporting of
randomised controlled trials: the CONSORT statement. 
Br Med J 1996; 313:570–1.

69 Begg C, Cho M, Eastwood S, et al. Improving the quality of
reporting of randomized controlled trials. The CONSORT
statement. J Am Med Assoc 1996; 276:637–9.

70 Reynolds T. Declaration of Helsinki revised. J Natl Cancer Inst
2000; 92:1801–3.

71 Grossman SA, Piantadosi S, Covahey C. Are informed consent
forms that describe clinical oncology research protocols
readable by most patients and their families? J Clin Oncol
1994; 12:2211–15.

72 Wittes J. Behind closed doors: the data monitoring board in
randomized clinical trials. Stat Med 1993; 12:419–24.

73 Whitehead J. On being the statistician on a Data and Safety
Monitoring Board. Stat Med 1999; 18:3425–34.

74 DeMets DL, Pocock SJ, Julian DG. The agonising negative trend
in monitoring of clinical trials. Lancet 1999; 354:1983–8.

75 Harrington D, Crowley J, George SL, Pajak T, Redmond C,
Wieand S. The case against independent monitoring
committees. Stat Med 1994; 13:1411–14.



This page intentionally left blank 



PART IV
Treatment techniques and
neurotoxicities

9 Neurosurgical techniques 177
Paul D. Chumas and Atul Tyagi

10 Radiotherapy techniques 188
Rolf D. Kortmann, Carolyn R. Freeman and Roger E. Taylor with Christine Abercrombie (Anesthesia) and 
Anne Ingle (Play therapy)

11 Neuropsychological outcome 213
Maureen Dennis, Brenda J. Spiegler, Daria Riva and Daune L. MacGregor

12 Drug delivery 228
Susan M. Blaney, Stacey L. Berg and Alan V. Boddy



This page intentionally left blank 



INTRODUCTION

Neurosurgery has changed more than most other surgical
specialties over the past 30 years. The most fundamental
change has been in the availability of new diagnostic tech-
niques, with the advent of computed tomography (CT)
scanning in the 1970s and of magnetic resonance imaging
(MRI) in the 1980s. For the first time, the brain and spinal
cord could be visualized directly. More recently, func-
tional imaging with positron-emission tomography (PET),
single-photon-emission computed tomography (SPECT),
magnetic resonance spectroscopy (MRS), and functional
magnetic resonance imaging (fMRI) have allowed direct
examination of brain metabolism.

The use of the operating microscope has been another
significant step, giving the surgeon both illumination and
magnification. Other important improvements in instru-
mentation include safe forms of rigid fixation of the head,
self-retaining retractor systems, dissecting instruments,
high-speed drills and craniotomes, and the ultrasonic
aspirator. The latter device is of especial importance in
the removal of tumors; it works by fragmenting the tumor
ultrasonically and then removing the tumor by aspiration.
Obviously, accurate localization of the tumor is para-
mount. With large tumors and tumors near specific inter-
nal landmarks, assistance may not be required. However,
for small tumors and tumors in eloquent areas, a stereo-
tactic system may be necessary. These systems integrate
fixed external landmarks with the imaging (CT or MRI)
and are highly accurate. In the past few years, attempts have

been made to combine all these advances by giving the
surgeon real-time imaging by operating within the MRI
environment. The various forms of stereotactic surgery
will be discussed in more detail later in this chapter.

It is important to recognize the role that anesthesia has
had in making neurosurgery safer. A better understanding
of the pathophysiology of raised intracranial pressure and
how best to counter this has been aided by various mon-
itoring techniques and by various new anaesthetic agents.
The anesthetist’s task is often made more difficult by the
position in which the surgeon places the patient (e.g. the
sitting position, with the attendant risk of air embolism
and the problems of venous stasis, or the “park-bench” or
lateral position, with concerns about pressure sores and
brachial plexus injury).

The care offered by the neuroanesthetist does not stop
in the operating suite but continues in the intensive-care
and high-dependency units. This allows for further careful
neurological monitoring of the patient, with particular
emphasis on detecting postoperative complications (e.g.
intracranial hematoma or the development of hydro-
cephalus and the control of seizures). Blood loss is of
particular importance in small children. Fluid balance in
general needs careful monitoring, as patients are susceptible
to diabetes insipidus, inappropriate antidiuretic hormone
(ADH) secretion, and cerebral salt wasting.

Anesthetic techniques are not limited purely to gen-
eral anesthesia. Perhaps the most challenging (for patient
and anesthetist alike) is the awake craniotomy. This tech-
nique allows eloquent areas (speech, motor cortex, etc.)
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to be mapped and hence avoided. The child must be old
enough to cooperate. The method consists of initially
administering a general anesthetic (using a laryngeal rather
than an endotracheal tube), during which time the cra-
niotomy is performed. The child is then allowed to wake
up, so that eloquent areas may be mapped before putting
the child back to sleep for the remainder of the procedure.

Pediatric neurosurgery is a relatively new field and is still
not recognized as a subspecialty in many countries. More
than most areas of neurosurgery, pediatric neurosurgery
relies on a multidisciplinary team approach. This includes
both medical (neuroradiologists, neuro-oncologists,
neurologists, radiotherapists, endocrinologists) and non-
medical (nurses, physiotherapists, occupational therapists,
speech therapists, social workers, health visitors, psychol-
ogists, school teachers) staff. While the management strat-
egy at the initial presentation is often fairly straightforward,
the treatment of recurrent or residual disease requires 
far more discussion. In particular, the role of second-look
surgery needs to be defined more clearly. Certainly,
chemotherapy and/or radiotherapy can alter the residual
tumor (e.g. secreting germ-cell tumors can be left as mature
dermoid tumors) and salvage an inoperable case (e.g.
decrease the vascularity of a choroid-plexus carcinoma).

Depending on the site of the tumor, it is not infrequent
for combined procedures to be undertaken with other
surgical disciplines. This is particularly the case with skull-
base tumors, where ear/nose/throat (ENT), maxillofacial,
and plastic surgery may all be involved. Likewise, combined
procedures with orthopedic surgeons may be necessary
when rigid spinal fixation or instrumentation is required.
Conversely, neurosurgery may offer access to the orbit via
the cranium for ophthalmic surgeons.

This chapter aims to give an overview of the most
common surgical approaches used to reach pediatric
brain tumors. As the majority of patients present initially
with hydrocephalus, it seems appropriate to start with
the management of this condition before discussing the
surgical techniques used to remove the tumor itself.

TREATMENT OF HYDROCEPHALUS

Raised intracranial pressure is by far the most common
presentation for children with brain tumors. This is 
usually secondary to hydrocephalus rather than a pri-
mary effect of the size of the tumor itself. The majority of
pediatric tumors occur in the midline and obstruct the
fourth ventricle, the aqueduct of Sylvius, or the third
ventricle. This type of hydrocephalus is therefore termed
“obstructive.” In contrast, blood or infection in the cere-
brospinal fluid (CSF) pathways can interfere with the
absorption of the CSF; this type of hydrocephalus is
termed “communicating.”

Before the advent of modern imaging, it was not
uncommon for children to present late with a long history
of headache and vomiting and to be dehydrated on
admission. When shunts became available in the 1950s,
it became routine practice to treat the hydrocephalus with
a shunt before tumor surgery. This practice is no longer
necessary as, in general, tumors are diagnosed much earlier
and the child is therefore usually in a better clinical state.
Overall, only about one-third of posterior fossa tumors
now require a permanent shunt, almost always receiving
this at some point in the postoperative period.

Modern management consists of commencing the child
on steroids and early surgery. At the time of tumor surgery,
many surgeons will either place an external ventricular
drain (a silastic catheter passing through the brain into the
lateral ventricle) or place a burr hole, so that if there is an
urgent requirement in the postoperative period to drain
CSF, access is available. Occasionally, children still present
with marked hydrocephalus and are drowsy and require
external ventricular drain (EVD) before tumor surgery.
The main risk associated with EVD insertion is infection.
By ten days, virtually all EVDs will have been colonized.
The other risk (albeit very rare) of treating the hydro-
cephalus before removal of a posterior fossa tumor is that
of upward herniation.

Shunts

A shunt usually consists of a ventricular catheter connected
to a valve and reservoir, which allows CSF to be tapped
through the skin. On to this is attached a catheter, which
is tunneled subcutaneously to a distal site. Although most
cavities in the body have been tried, the abdomen, the
atrium, and the pleura are used most widely. Atrial shunts
were commonplace in the 1960s and 1970s, but problems
with endocarditis and glomerulonephritis have resulted
in the abdominal cavity becoming the site of preference.

Before the advent of shunts in the 1950s, hydrocephalus
was frequently fatal. While shunts were therefore consid-
ered a huge advance, it quickly became apparent that
shunts had problems of their own. In particularly, virtually
all studies to date have shown that approximately 40 
per cent of shunts will malfunction within the first year of
implantation1–3 and that the exponential decline in shunt
function then continues at approximately five per cent per
year (Figure 9.1). This malfunction may be the result of one
of the following:

• Mechanical failure: complete, partial, or intermittent
obstruction, fracture, migration, or disconnection of
the shunt system. Obstruction is the cause of 50 per
cent of primary shunt malfunctions, and the vast
majority of these are blockages of the ventricular
catheter.1
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• Functional failure: most commonly overdrainage,
causing symptoms of low-pressure headaches,
slit-ventricle syndrome, and subdural hematomas.

• Infection: the most common infecting organisms
are Staphylococcus epidermidis (40 per cent) and
Staphylococcus aureus (20 per cent).

Although some single-institution studies have quoted
infection rates of less than one per cent, the generally
accepted rate is of the order of ten per cent (with far higher
figures being seen in the neonatal period).2,3 Furthermore,
concurrent surgical procedures and hydrocephalus sec-
ondary to obstruction of the CSF pathways by tumor have
been shown to be independent risk factors for shunt fail-
ure.4 It is not, therefore, surprising that much time and
research have been invested in trying to improve shunt
function (flow-regulated valves, anti-siphon devices, pro-
grammable valves). However, the fundamental problem
is how to design a shunt that functions adequately in the
horizontal position but that does not then overdrain (due
to siphoning) in the vertical position. Despite the adver-
tising propaganda pedaled by shunt manufacturers, there
is no evidence to suggest that any one shunt is superior.3

Third ventriculostomy

With obstructive hydrocephalus, it is assumed that the
CSF absorption pathways are normal. This means that it
should be theoretically possible to internally bypass the
obstruction and relieve the hydrocephalus. The operation
of third ventriculostomy consists of making a hole in the
floor of the third ventricle, thus allowing the CSF to pass
into the prepontine cistern and hence avoiding any distal
obstruction (i.e. posterior thalamic, pineal region, posterior
fossa). Although this technique has come into favor only

in recent years, it was first described in the 1920s by Walter
Dandy, and the first endoscopic procedure was undertaken
by Mixter in 1922.1,2 The resurgence in third ventricu-
lostomy can be put down to a combination of improved
instrumentation (in particular, the optics) and an attempt
to avoid the complications associated with shunting.

Endoscopic third ventriculostomy consists of placing
a burr hole just anterior to the coronal suture, passage of
the endoscope through the brain into the lateral ventricle,
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Figure 9.1 Kaplan–Meier curve, showing the proportion of
shunts that are failure-free. (From Drake JM, Kestle JRW, 
Milner R, et al. Randomized trial of cerebrospinal fluid shunt
valve design in pediatric hydrocephalus. Neurosurgery 1998;
43:294–305.)
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Figure 9.2a,b (a) Endoscopic view of the foramen of Monroe
(A); the choroid plexus (B) is seen passing into the third ventricle.
(b) The floor of the third ventricle is shown with the hole (A) into
the prepontine system. The landmarks are also clearly visible: the
infundibular recess (B), the right mammillary body (C), and the
basilar artery (D). Note the thinness of the floor of the ventricle.



and navigation through the foramen of Monroe into the
third ventricle (Figure 9.2). Once in the third ventricle,
the landmarks are the mammillary bodies posteriorly
and the infundibular recess (a small red dot) anteriorly.
Usually, the floor of the third ventricle in patients with
triventricular hydrocephalus is very thin. A small hole is
made in the floor of the third ventricle anterior to the mam-
millary bodies and just in front of the basilar artery (which
bifurcates just beneath the floor of the third ventricle).

The success rate for endoscopic third ventriculostomy
in patients with tumoral obstructive hydrocephalus is
reported to be of the order of 70 per cent.2 The majority
of failures occur in the first few weeks, but delayed failures
have been reported. Perhaps the clearest indication for
third ventriculostomy is in those patients with pineal
region tumors. In this scenario, the endoscopic third
ventriculostomy fulfils many functions, allowing the CSF
to be sampled, treating the hydrocephalus, and possibly
obtaining a tissue diagnosis. (However, often the samples
are very small, and with the wide variety of tumor types
found in this region, diagnosis may be difficult.)

While endoscopic third ventriculostomy is esthetically
pleasing to surgeon and patient alike, it is inherently more
dangerous than shunt insertion (with particular risk to
vascular structures). Perhaps the most important issue to
stress (irrespective of the type of treatment the patient has
received) is the need to have a low threshold to immediately
reinvestigate any patient with hydrocephalus and who
presents with symptoms suggestive of raised intracranial
pressure. A CT scan should be performed and the neuro-
surgical team informed as soon as possible. Unfortunately,
avoidable deaths due to undiagnosed shunt malfunction
or failure of third ventriculostomy occur each year. It can
be difficult to differentiate the symptoms of a shunt mal-
function from the drowsiness and vomiting associated with
the hydration required with high-dose chemotherapy or
with the somnolence seen after radiotherapy. Nonetheless,
it is better to err on the side of caution and arrange a 
scan to determine the cause of the patient’s symptoms
rather than miss the diagnosis of acute hydrocephalus.

Third ventriculostomy is not the only role for neu-
roendoscopy. Traditionally, patients with obstruction
around the foramen of Monroe (e.g. due to a cranio-
pharyngioma) have been treated by insertion of bilateral
shunts. With an endoscope, it is possible to make a hole
through the interventricular septum and thus communi-
cate the two lateral ventricles and then insert a single
shunt. Endoscopy can also be utilized to biopsy tumors
located within the ventricular system.

Finally, the role of intrathecal drug administration must
be discussed. Most commonly, this consists of inserting an
access device in the frontal region so that intrathecal
chemotherapy may be administered (e.g. in patients with
central nervous system (CNS) involvement with leukemia).
An access device consists of a subcutaneous silastic dome

connected to a ventricular catheter. It is then possible,
using a sterile technique, to place a needle through the
skin and into the dome and thus connect directly into the
ventricular system. Other methods of drug delivery have
been developed for the administration of morphine and
baclofen (to decrease spasticity). These consist of motor-
ized pumps that are placed into the subcutaneous tissue
of the abdominal wall. A tube leads from the pump, passes
around the flank, and is then inserted into the lumbar
theca. It is possible that these continuous infusion systems
will become important aids for the delivery of chemo- and
immunotherapies over the next few years.

TECHNIQUES FOR TUMOR BIOPSY

Certain tumors are extremely responsive to adjuvant
therapy, and once a histological diagnosis is made definitive
treatment with chemotherapy or radiotherapy can be
started without the need for surgical debulking. Likewise,
with tumors in eloquent areas, surgical resection might not
be feasible but histological diagnosis may still be required.
Tissue for histology short of an open operation can be
obtained by the following means.

Stereotactic biopsy

This is carried out using a rigid frame screwed firmly into
the skull. The patient is then imaged using either CT or
MRI, and the xyz coordinates of the tumor are obtained.
A biopsy is then performed by passing a needle through
an appropriately sited burr hole. A histological diagnosis
can almost always be achieved by this technique, and biop-
sies have been obtained of tumors in virtually all locations.
In pediatric oncological practice, the indications for stereo-
tactic biopsy are mainly for diencephalic, cerebral hemi-
spheric, and pineal tumors. While stereotactic biopsies
can be done relatively safely in the diencephalic and hemi-
spheric location, hemorrhage is the main potential prob-
lem with pineal tumors, as they are surrounded by the
deep venous system. A further problem with pineal region
tumors is that associated with sampling errors. However,
two large series looking at stereotactic biopsy of pineal
region tumors have shown this technique to be safe and
accurate.5,6

Neuronavigation

In effect this is “frameless”stereotaxy. This technology aims
to use the detail of neuroimaging to help direct the sur-
geon during the operation. This neuronavigation relies on
infrared cameras to track the patient’s head and to track
surgical instruments with light-emitting diodes (LEDs)
attached and to relay this information to a workstation on
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which the preoperative imaging studies are held (Figure
9.3). Thus, as the surgeon brings an instrument into the
operative field, the appropriate slice on the CT or MRI scan
is displayed on the computer terminal. Most of the systems
available have a biopsy program, but although they are
very accurate they do not have the degree of accuracy
associated with a rigid frame. However, the fact that the
imaging data can be collected before surgery is obviously
very important with children. The placement of a rigid
frame in children usually requires a general anesthetic.

Endoscopy

With tumors that are visible within the ventricular system,
tumor tissue can be obtained via an endoscope. The biopsy
can be combined with a third ventriculostomy for the treat-
ment of hydrocephalus.7 The tumor specimen obtained
using this technique is generally small, and expert neu-
ropathological support is necessary. Another problem with
endoscopic biopsy is bleeding, which may obscure vision.

The ability to sample CSF (for markers and cytology),
treat the hydrocephalus, and biopsy the tumor under
direct vision makes endoscopy the favored option in the
management of pineal tumors when only a tissue diag-
nosis is planned.

Surgical resection of tumors in most locations intra-
cranially can be carried out thanks largely to the advances
outlined above. However, the actual approach used will vary
according to the location and the tumor type. The follow-
ing section describes the common operative approaches
used in dealing with pediatric brain and spinal tumors.

POSTERIOR FOSSA

The posterior fossa is the most common site for both
malignant and low-grade tumors in children. Most of these
tumors are midline and are best approached suboccipitally
via a midline incision (Figure 9.4). The patient may be
placed prone (the most commonly used position), in the
“Concorde position,” or in the sitting position. The advan-
tages of the sitting position include the fact that there is no
pooling of blood and that it gives a good view to tumors
that extend high up towards the tentorium. The disadvan-
tages of this position include the risks of air embolism
and the fact that the surgeon is left in an uncomfortable
position with their hands outstretched. By monitoring
cardiac Doppler and end tidal carbon dioxide, it is possible
to detect the consequences of air embolism early and to
take steps to seal the source of the embolism.

The degree of tonsillar herniation and the inferior extent
of the tumor will determine the number of cervical laminae
that are exposed. As mentioned earlier, many surgeons
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Figure 9.3 Neuronavigational system, with infrared cameras and a
computer terminal. This figure also shows the limited access to the
patient that the anesthetist has once the patient has been draped.

Figure 9.4 Midline suboccipital craniotomy for midline
posterior fossa lesions.



place an occipital burr hole and insert an external ven-
tricular drain as the initial step in the operation. The actual
bone removal can be undertaken piecemeal (craniectomy)
or, more commonly, en bloc (craniotomy). With the latter
approach, the bone is replaced at the end of the proce-
dure. Most posterior fossa tumors are located within the
fourth ventricle, and the approach consists of dividing
the vermis to expose the tumor. Although the mechanism
is not understood, it is generally accepted that the cere-
bellar mutism seen occasionally after posterior fossa sur-
gery is related to the splitting of the vermis.

Although the surgeon will usually claim a “watertight
closure” of the dura in the operation notes, CSF leakage
and pseudomeningocele formation (collection of CSF
under the skin) are relatively common. This is an indication
of ongoing abnormal CSF dynamics, which may take many
days or even weeks to settle.A mixture of suturing, pressure
bandages, and lumbar puncture/lumbar drain insertion are
usually sufficient to tide the patient over until a new
equilibrium between CSF production and absorption is
reached.

Laterally placed tumors, in particular cerebellar pontine
angle (CPA) tumors, are best approached directly (Figure
9.5), with the patient in the park-bench position.
The patient is placed on their side with a sandbag under
the axilla to avoid brachial plexus injury, and with the

dependant arm either hanging in a sling or strapped
across the chest. The incision is placed just medial to the
mastoid process and continues down into the neck. The
main risks of this approach include damage to the verte-
bral artery, problems with CSF rhinorrhea if entry into
the air cells is not dealt with, and damage to the lower
cranial nerves that run through the CPA.

PINEAL REGION

The role of endoscopy in pineal region tumors has been
stressed, as has the possibility of stereotactic biopsy. An
alternative strategy is to perform an open biopsy with the
option of proceeding to definitive surgery depending on
the results of the intraoperative pathological assessment.
Open operation may also be indicated following adju-
vant therapy as a second-look procedure to resect residual
tumor. The two main approaches to a tumor in this loca-
tion are the supracerebellar and the occipital transtentorial.

Supracerebellar infratentorial approach

The tumor is approached through a midline posterior fossa
craniotomy (Figure 9.6).8 The route taken is between the
superior aspect of the cerebellum and the tentorium. This
approach is useful for essentially midline pineal region
tumors. The tumor is resected from between the deep veins,
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Figure 9.5 Lateral (retro sigmoid) approach to cerebellopontine
region tumors.

Figure 9.6 Approaches to the pineal region. The upper arrow
shows the route taken in the occipital transtentorial approach.
The lower arrow demonstrates the supracerebellar infratentorial
approach.



the splenium of the corpus callosum, and the colliculi
inferiorly. Injury to the deep veins, hemorrhage, and
impairment of upward gaze can occur. The other com-
plications of this approach relate to positioning, with many
surgeons utilizing the sitting position. The mortality rate
in one large series of pineal region tumors operated using
this approach was 3.5 per cent (7/196).8

Occipital transtentorial approach

The tumor is approached between the occipital lobe and
the falx cerebri (Figure 9.6). The tentorium cerebelli is
divided to one side of the straight sinus, and the tumor is
exposed in the quadrigeminal cistern. The tumor is then
resected from under the deep veins. The occipital lobe
can be injured by retraction in this approach, leading to a
hemianopia, which is generally transient.9

THIRD VENTRICULAR TUMORS

A variety of tumors can present as masses within the third
ventricle. These may arise primarily within the third ven-
tricle or extend from one of the walls of the third ventri-
cle. The common pathologies seen in this location are
astrocytomas, pineal region tumors bulging forward, cran-
iopharyngiomas, epidermoids/dermoids, and colloid cysts.
Again, hydrocephalus is a common cause of presentation
and endoscopy may be useful to biopsy the tumor, to per-
form a third ventriculostomy, or to fenestrate the inter-
ventricular septum and hence avoid the need for bilateral
shunts.

The surgical routes available for tumors in this location
are the transcortical and the interhemispheric.Additionally,
tumors located posteriorly in the third ventricle can be
resected using the approaches described for pineal region
tumors.

Transcortical approach

The third ventricle is approached through the frontal 
cortex. The lateral ventricle is entered and the third ventric-
ular tumor approached either through a dilated foramen
of Monro or between the choroid plexus of the lateral
ventricle and the thalamus. Dilated ventricles are a prereq-
uisite for this approach. The exposure is also essentially
unilateral. The need to make a cortical incision may
increase the risk of epilepsy in the long term.

Interhemispheric approach

The tumor is approached from the midline (Figure 9.7).
The space between the falx cerebri medially and the medial

aspect of the cerebral hemisphere laterally is developed.
An anterior corpus callosotomy, usually 2–2.5 cm in
length, is made. The third ventricle is then entered between
the bodies of the fornices leading to the roof of the third
ventricle, via the lateral ventricle and then through the
foramen of Monro between the choroid plexus and the
thalamus.

Any of these approaches can be used to resect tumors
within the third ventricle, but the working space is narrow,
which prohibits the use of many of the instruments
detailed previously. Cognitive deficits can occur following
this approach. These deficits tend to be transient, but per-
manent changes are seen in five to ten per cent of patients.
Other effects, such as altered consciousness, transient
mutism, impairment of memory, and contralateral limb
weakness, may also occur, but these tend to resolve spon-
taneously within a few weeks. Despite resection of the
tumor, hydrocephalus may persist in up to 30 per cent of
patients. The reported mortality rate for resection of third
ventricular tumors is 5–12 per cent.

SUPRASELLAR TUMORS

Various tumors can present as masses in the suprasellar
area, e.g. craniopharyngiomas, optic chiasm/hypotha-
lamic glioma, and pituitary adenomas. Biopsy and partial
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Figure 9.7 Interhemispheric approach to third ventricular
tumors.



or total resection of tumors in this location can be
achieved by various routes:

Pterional route

The pterional route is essentially an anterolateral approach
to the suprasellar region (Figure 9.8). The approach can be
used for virtually all suprasellar tumors, but tumor resec-
tion may have to be done between the structures in the
suprasellar cisterns, i.e. the internal carotid artery and its
branches, and the optic nerve. A certain degree of frontal
and temporal lobe retraction is required in this approach.
The pterional route is frequently adapted to allow access
from more than one direction. Thus, the frontal aspect of
the craniotomy may be extended to allow a subfrontal
approach. Additionally, the supraorbital bar and the
zygomatic process may be removed to widen the exposure
and decrease the need for retraction of the brain. It is also
possible to extend the temporal aspect of the approach to
allow for subtemporal access.

Subfrontal approach

A midline frontal approach can be used, which allows
good visualization of the optic nerves and the internal

carotid arteries bilaterally (Figure 9.8). The tumor is
resected from between the optic nerves. The frontal lobes
may suffer retraction injury during this approach, and
the olfactory nerves may be damaged, resulting in anos-
mia. Tumors extending laterally or posteriorly into the
interpeduncular fossa can be difficult to resect using this
approach.

Trans-sphenoidal route

The trans-sphenoidal route is used mainly for tumors in
the sellar region (Figure 9.9). The base of the skull and the
sphenoid bone is approached through the nasal cavity in
the midline. The sphenoid sinus is entered and the sella
turcica is visualized. The pituitary fossa can then be
entered by opening the basal dura. Pneumatization of the
sphenoid sinus increases the ease of the operation. In
children under five years of age, the sphenoid bone may
have to be drilled out in order to access the pituitary
fossa.10 This route is used mainly for pituitary adenomas
and intrasellar craniopharyngiomas with or without
suprasellar extension. Total excision of craniopharyn-
giomas has been achieved by this route.11,12 The main
problems of this approach are with CSF leakage. Rarely
injury to the internal carotid artery in the cavernous
sinus may occur. The main advantage of this approach is
the avoidance of a craniotomy and the associated risk of
epilepsy.
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Figure 9.8 Approaches to suprasellar lesions. The curved 
arrow shows the pterional route. The straight arrow indicates
the subfrontal route.

Figure 9.9 The trans-sphenoidal route to sellar lesions.



HEMISPHERIC TUMORS

The most common tumors seen in this location in chil-
dren tend to be gliomas.13 Total or near-total resection of
the tumor, without major neurological deficit if feasible,
is the goal of surgical intervention. This may be possible
only in superficially located tumors and those that are well
demarcated from the surrounding brain substance. For
diffuse tumors located in the basal ganglionic and thalamic
region, stereotactic biopsy of the tumor to establish the
histological diagnosis followed by adjuvant therapy may
be the best option.

Resection of these tumors has been helped by the advent
of neuronavigation, which allows precise localization of
the tumor and maximizes resection of these tumors.14

Preoperative investigations such as fMRI can help to
localize eloquent cortical and subcortical areas and their
relation to the tumor, allowing planning of the extent of
surgical resection.15

Various neurophysiological intraoperative techniques
allow the surgeon to localize areas such as the motor and
sensory cortices. Cortical stimulation techniques are useful
in identifying speech and motor areas intraoperatively.16

Motor mapping can be achieved in an anesthetized
patient, but speech localization requires an awake patient,
which can only be carried out in older children.17,18

Intraoperative MRI has been used in some centers to
allow real-time imaging of the extent of tumor resection
and thus maximize tumor resection.19

SKULL-BASE APPROACHES

These approaches involve a more extensive removal of bone
from the cranium. This allows the tumor to be approached
along the skull base, thus decreasing the amount of brain
retraction required. Commonly used techniques are the
removal of the orbital bar for resection of craniopharyn-
giomas, and removal of the orbital roof and lateral wall,
including the zygomatic arch for access to parasellar
tumors. Lateral approaches through the petrous bone can
be used to expose the anterior and anterolateral portions of
the posterior fossa. These involve extensive petrous tem-
poral bone drilling and are often carried out by an ENT
surgeon.

SPINAL TUMORS

Spinal tumors are divided into extradural and intradural
tumors. The latter are subdivided further into those that
are intrinsic to the spinal cord (intramedullary) and those
that are not arising from the spinal cord but are pressing
on it (extramedullary). Extradural tumors (34.5 per cent)

comprise the largest group of spinal tumors in children,
followed by the intramedullary tumors (29.7 per cent),
and intradural extramedullary tumors (24.6 per cent).20

Extramedullary tumors

Intradural extramedullary tumors are generally benign
tumors (nerve-sheath tumors, dermoid/epidermoid),
and the treatment is predominantly surgical excision. Some
tumors, such as nerve-sheath tumors, may extend extra-
durally and into the paraspinal tissues through the neural
foramen. These tumors require resection of the intraspinal
component followed by resection of the paraspinal com-
ponent, which may need the involvement of other surgical
disciplines, depending on whether access to the chest,
abdomen, or pelvis is required. Dermoid tumors can be
adherent to the spinal cord, in which case only debulking
may be carried out safely. These tumors are approached
posteriorly. Laminectomy, in which the laminar arch and
the spinous process are removed, or laminotomy, in which
the lamina and the spinous process are removed en bloc
and replaced following tumor resection, are used to 
provide surgical access. Preoperative localization of the
intraspinal lesion is usually carried out. Intraoperative
tools such as ultrasound are helpful in localizing the tumor
extent before the dura is opened. It can also help to locate
a syrinx associated with the tumor.21

Most extradural tumors in children are extensions of
malignant paraspinal neoplasms, e.g. neuroblastomas,
sarcomas that invade the spinal canal through the neural
foramen. Surgery may be required in order to make a tissue
diagnosis or as an emergency procedure if there is evidence
of sudden neurological deterioration secondary to cord
compression at the time of presentation or during medical
therapy.

Surgery can be carried out with minimal morbidity and
no mortality.22 Multilevel laminectomy, however, can lead
to progressive spinal deformity, depending on the level at
which it is performed, the highest risk being in the cervical
region. Laminotomy is being performed more often to
reduce the incidence of postoperative spinal deformity,
although this has not been proven.

Intramedullary tumors

The predominant intramedullary tumors in children tend
to be low-grade tumors. Two-thirds of intramedullary
tumors are low-grade astrocytomas or gangliogliomas.
In one study, ependymomas constituted 11.6 per cent of
the tumors.23 The aim of surgery in these tumors remains
total/near-total resection if safely and technically possible.
A laminotomy – i.e. en bloc removal of multiple lamina
and the spinous processes with the attached ligamentum
flavum and interspinous ligaments – is carried out if
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multiple levels need to be exposed. The tumor margins can
then be defined using intraoperative ultrasound. Following
dural opening, a myelotomy is made in the midline and
the tumor margins are identified. The tumor can then be
debulked using an ultrasonic aspirator. The tumor, if
well-defined, can be separated from the surrounding
cord and resected. If there is an associated syrinx, then that
is also drained. The laminae are then replaced and held in
place with suture material or plates.

Major postoperative morbidity tends to be a new neu-
rological deficit or worsening of existing deficits. For a
patient who has no preoperative motor deficit, the likeli-
hood of this complication is less than five per cent.23

Progressive spinal deformity can occur, especially in the
cervical and thoracic spine. Although unproven, it is
hoped that laminoplasty will reduce this spinal deformity.

RECENT ADVANCES IN TUMOR SURGERY

In an attempt to make surgical resection safer, some 
new technological advances have been made, including
intraoperative spinal cord monitoring, fMRI, and intra-
operative MRI.

Spinal cord monitoring

Somatosensory evoked potentials (SSEPs) have been used
widely in spinal scoliosis surgery. SSEPs are signal-averaged
data and are not real-time measurements. The data are
collected at frequent intervals to maximize sensitivity to
operative events.24 While false-negative outcomes do
occur, the true-negative rate has been reported to be as
high as 99.93 per cent.25 In patients with intramedullary
tumors, SSEPs can be difficult to obtain if proprioception
is impaired. Motor-evoked potentials (MEPs) are being
used for motor tract assessment. The experience of one
group showed that epidural MEPs are reliable predictors
of postoperative neurological status: a less than 50 per cent
reduction of intraoperative epidural MEPs amplitude
signified a transient paresis, while a greater than 50 per cent
reduction in MEPs was associated with a more profound
postoperative neurological deficit.23

Intraoperative magnetic resonance imaging

This is a new application of MRI. The patient is operated
on in a modified operating room containing an MRI
scanner, and magnetic-resonance-compatible instruments
and anesthetic equipment are used. The operating field is
within the scanner gantry, allowing observation of the
surgical resection of the brain tumor. The advantages are
accurate localization of the tumor and of the extent of
surgical resection. In one study, intraoperative imaging

showed residual tumor when resection appeared complete
on the basis of surgical observation alone in more than
one-third of cases.19 Intraoperative complications could
also be identified and dealt with immediately. The draw-
backs are the confined space available, the fact that much
equipment is still not magnetic-resonance-compatible,
and the enormous expense. There is certainly no evidence
that these systems are cost-effective.

Functional magnetic resonance imaging

This can be used to map cerebral functions in patients
with frontal and parietal tumors preoperatively. It can be
used to locate eloquent areas, i.e. motor, sensory, and lan-
guage, in relation to the tumor. fMRI helps to determine
the risk of postoperative neurological deficit from surgi-
cal resection of tumors located near eloquent areas.26
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INTRODUCTION

For the majority of children with tumors of the central
nervous system (CNS), surgery is the most important
treatment modality. However, radiotherapy has also been
accepted as having a major role for many patients, since
Cushing first reported its essential role in the curative ther-
apy of medulloblastoma in 1919.1 With the recognition
of the different patterns of biological behavior of CNS
tumors, techniques and dose fractionation regimens spe-
cific to the various tumor types were developed. In 1953,
Paterson and Farr noted the need for precise coverage of
the craniospinal target volume and an appropriate radia-
tion dose to achieve optimal results for children with
medulloblastoma.2 Over the past 40 years, there has been
progressive improvement in the outcome of treatment of
children with CNS tumors. Bloom and colleagues observed
an increase in ten-year survival from 38 to 58 per cent when
comparing patients treated between 1950 and 1970 with a
cohort treated between 1970 and 1981.3 Recent advances
in radiotherapy techniques have the potential to better the
outcome by improving tumor control and reducing radia-
tion toxicity. These high-precision treatment techniques,
as well as fractionation schedules, exploit the radiobiolog-
ical properties of tumor and normal tissue. Quality-control
programs ensure precise and reproducible treatments.

Physical properties of ionizing irradiation

In clinical practice, photons are predominantly used in
radiation therapy. They are generated by hitting a dense

metal target with a focused beam of electrons accelerated
to very high energy. The acceleration of electrons can be
achieved by a high-frequency electromagnetic field in a
linear tube (linear accelerator). They can also be produced
by radioisotopes emitting high-energy photons in their
decay process, such as cobalt-60 used in telecobalt units and
in the “gamma knife.” Other isotopes, such as iodine-125,
are generally used in brachytherapy. Electrons from an
accelerator can be used directly to form a therapeutic
field. Photon beams of various energies differ in their
ability to penetrate the tissue. The curves show a build-
up region between the point of entry and the depth of the
dose maximum, where the dose gradually grows from a
low superficial value to a maximum. These properties
provide a skin-sparing effect. The high-penetration ability
of photons is the basis for computer-assisted treatment
planning in which different fields from different angles
can be applied and superimposed, leading to a homo-
geneous maximum dose distribution around their points
of intersection (the isocenter). Electrons, however, display
a sharp dose fall-off beyond their dose maximum, which
ranges energy-dependently between 0.5 and 6 cm. This
makes crossing electron fields impractical. Therefore, they
are used as simple static fields for superficial targets, such
as in irradiation of the spinal canal.

Biological properties of ionizing irradiation

The underlying principle of cell death caused by ionizing
irradiation is focused essentially on the production of
hydroxyl radicals leading to DNA double-strand breaks.
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Radiation-induced cell death, however, is a complex issue
comprising many molecular genetic mechanisms leading
to apoptosis. Tumor and normal cells can repair sublethal
cell damage. The capacity of tumor tissue, however, is
limited compared with normal tissue, leading to a pro-
gressive reduction of tumor cells without compromising
normal tissue.

RADIOBIOLOGICAL CONSIDERATIONS

Total dose and fractionation

The time/dose pattern and its effect on tumor and nor-
mal tissue cells impacts significantly on tumor control
and acute side effects as well as late sequelae. Single high-
dose irradiation (radiosurgery) causes frank necrosis and,
if administered focally within tumor, effectively controls
localized disease. Fractionation exploits the differences
in response to radiation between normal and tumor tis-
sue, taking advantage of the well-established radiobio-
logical fact that normal tissue can tolerate many small
doses of irradiation much better than a single larger frac-
tion. Fractionated radiation therapy administers a higher
cumulative dose to the target volume with multiple treat-
ments extending over several weeks.

The tolerance of normal brain parenchyma and its
vascular and supporting structures becomes the limiting
factor in external beam therapy, and the risk of particu-
larly long-term sequelae is the dose-limiting factor. White
matter tends to be more sensitive than gray matter in
young children (under two years of age), in whom myelin-
ization is incomplete. Late effects appear in a predictable
manner in relation to volume, dose, and fractionation.
Frank radiation necrosis is seen with threshold doses of
approximately 45 Gy in ten fractions, 60 Gy in 35 frac-
tions, and 70 Gy in 60 fractions. Small target volumes,
low daily doses, and multiple fractions all decrease the
incidence of late effects associated with conventional
external beam therapy. With conventional fractionation
schedules of 1.8–2.0 Gy/day, total doses of up to 54 Gy are
tolerated well for limited intracranial fields.

HYPERFRACTIONATION

The rationale for hyperfractionation is to try to reduce
the delayed effects of radiation injury and to prevent
tumor repopulation by giving more than one radiation
fraction per day in smaller doses per fraction. Small doses
given more than once a day, usually six to eight hours
apart, produce a redistribution of proliferating tumor
cells, with some cells entering a radiosensitive stage. Other
non-proliferating or dose-limiting tissue, such as normal
brain, will potentially be spared this effect of redistri-
bution. There are also important differences in repair

capacity between tumor and late-responding normal tis-
sue. In CNS irradiation, hyperfractionated radiotherapy
may therefore allow a higher total dose and result in
increased tumor cell kill without increasing normal tis-
sue toxicity.

The results of two phase II studies in the treatment of
medulloblastoma using hyperfractionation were promis-
ing, achieving long-term survival rates up to 93 per cent
in low- and high-risk medulloblastoma and supratentor-
ial primitive neuroectodermal tumor (PNET).4–9 In the
study of Prados and colleagues, 33 of 39 patients received
hyperfractionated radiotherapy of 30 Gy to the neuraxis
followed by a boost to the posterior fossa to 72 Gy.4 There
were only three treatment failures at the primary tumor
site exposed to a total dose of 72 Gy. In a series of
23 patients who were classified as poor-risk by a high
T- or M-stage, hyperfractionation was given with a dose
to the craniospinal axis of 36 Gy followed by a boost to
the posterior fossa up to 54 Gy and to the tumor site up
to 72 Gy.6 Fifteen patients had a high T-stage without evi-
dence of metastases. Of these patients, 14 (93 per cent)
have remained in continuous complete remission for a
median of 68 months, and none has died. This treatment
strategy was subsequently investigated by the Children’s
Cancer Group (CCG) in high-stage medulloblastoma and
supratentorial PNET, including those with metastatic
disease.

In ependymoma, the use of local dose escalation with
hyperfractionation is also promising. Preliminary data
show an increased progression-free survival of 74 per cent
at five years.10 In the Paediatric Oncology Group
POG-8132 study, a three year progression-free survival
of 53 per cent in incompletely resected tumors was
achieved.11 The approach of hyperfractionation is cur-
rently under investigation in European and American
working groups. In brainstem glioma, this approach was,
however, unsuccessful.12–14 Hyperfractionated schedules
from 1.0 to 1.26 Gy twice daily were applied up to 75.6 Gy,
tested prospectively by the Children’s Cancer Study
Group (CCSG) and the POG, and compared in a ran-
domized phase III trial with conventional fractionation.
The median progression-free survival ranged between
six and eight months, but no survival advantage was seen.

DOSE PRESCRIPTIONS

Adequate dose prescriptions are necessary to meet the
radiobiological requirements to achieve maximal tumor
cell kill and to allow recovery of normal tissue from the
effects of ionizing irradiation. Although novel fractiona-
tion schemes such as hyperfractionation have given dis-
appointing results in brainstem glioma, fast proliferating
embryonal tumors such as medulloblastoma seem to be
responsive, which is leading to better tumor control
while sparing normal tissue.
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ROLE OF PLAY SPECIALISTS IN
PREPARATION FOR CRANIOSPINAL
RADIOTHERAPY

The role of hospital play specialists is to look at the psycho-
logical and emotional needs of sick children in hospital.
Part of this role is to prepare children for their treatment,
enabling them to understand their treatment and to coop-
erate with it, without any psychological distress. Using play
tools such as dolls, photographs, videos, and information
booklets, play specialists can explain exactly what is going
to happen, using play as a medium all children understand.
Play specialists can alleviate any fears, anxieties, or mis-
conceptions that the child may have. This process gives the
child the opportunity to ask questions and receive answers.

Antony Oakhill states:

Research has shown significant stress reduction in play
preparation programmes that combine giving informa-
tion, demonstrating procedures and having the child play
with equipment for the medicosurgical procedure he is to
undergo. This cognitive, psychological approach helps the
child acknowledge and play through his fantasies and
misconceptions.15

For a child undergoing craniospinal radiotherapy, play
preparation is very important if they are to be able to accept
the treatment without distress. While the actual treatment
itself does not hurt (it cannot be seen, felt, or heard), the
process of preparation for and delivery of the treatment
that the child undergoes is very invasive and upsetting.
The preparation can be the most distressing part.

Planning

MAKING THE MOULD

In order to deliver radiation therapy accurately and safely,
the child must lie still in exactly the same position every day
for the whole course of daily or twice-daily treatments. In
order to achieve the same position, a mould of the head
must be made, which is subsequently fixed to the treatment
table. The preparation of the mould is the first stage of
planning.

This starts with an impression being taken of
the child’s face and head. The child has to lie still while
their hair is covered with a swimming cap. Aqueous cream
is then applied to the face and ears, and small strips of
plaster-of-Paris bandage are dipped in warm water and
applied to the face. The eyes, nostrils, and mouth are left
uncovered. The child has to lie still until the plaster cast
has set. The mould is removed and is used by the techni-
cians to make a see-through Perspex mask.

The child returns later for the back of the mask to be
made. This is made with the child lying face down in the
front half of the Perspex mask. The back of the head is
covered in cling film, and plaster-of-Paris bandage is

applied. When the back mask is completed, the child
returns for the fitting, in which the front and back masks
are joined together with four plastic poppers that connect
them together.

SIMULATION/COMPUTED TOMOGRAPHY
SCAN PLANNING

The next stage is simulation. This uses a simulated radio-
therapy machine with a gantry that rotates around a 
bed. The child lies face down in the mask, keeping very
still on the bed while the machine rotates around them
taking a series of X-ray pictures. The child has to be in
the room alone while the pictures are being taken; this
can take between 15 and 45 minutes. The parents can see
their child and talk to them via an audiovisual link when
they are excluded from the room, and they can rejoin the
child during periods when the machine is being adjusted.

Sometimes for the planning, the child may need to
have a computed tomography (CT) scan in their mask
before they have their simulation. After all the X-rays
have been taken, the child can go home. They will be con-
tacted when they have a date to start the treatment.

Treatment

If spinal radiotherapy is required, the child will need to
have a small tattoo/dot put on the skin at the base of the
spine. A local anesthetic cream can be used so the child
does not feel the needle as it is dipped in dye and then
inserted just underneath the skin. The process of the
delivery of treatment is a repeat of the simulation process.
The child has to be on their own when the radiotherapy
is given, but the parents can watch their child on a
TV monitor and talk to them.

Play therapy preparation

The key to successful play preparation is for the play spe-
cialist to start play preparation in plenty of time, some-
times weeks before the event. Using dolls, the child can
experience making a mask themselves. This is very bene-
ficial as the child is able to handle the medical equipment
and experience what it feels like. The child can put cream
on the doll’s face and then use plaster bandage to make
an impression of the doll’s face. Other techniques that
may be used, according to the child’s individual needs,
include making masks using bandages and balloons, and
making casts of hands and feet.

Information

The author (CA) and her colleagues have written infor-
mation booklets about radiotherapy that give infor-
mation and show photographs of the radiotherapy
department and machines. At the author’s hospital,



a video film has been made that shows children undergoing
treatment.

For continuity of care, the play specialist accompanies
the child and family to the consultation with the radio-
therapy consultant, takes them on a visit around the
radiotherapy department, then follows them through the
planning, simulation, and treatment stages. All the play
equipment can go home with the child and family, so
they are able to carry on the preparation work at home.
There are huge benefits to this, as the child is in their own
familiar environment. The play can then be done as part
of their daily activities, without any undue pressure.
Parents can actively help their child to feel involved and
therefore have some control over the situation when
treatment begins.

The author, during her 12 years in this line of work,
has learnt to expect the unexpected and never to assume
one knows what the child is frightened of. This is very
clear in the following case study:

Conclusion

Sometimes the preparation process is brief and straight-
forward, but sometimes it can involve considerable 
time. This commitment to achieving radiotherapy with
cooperation of the child is not always compatible with 
commencing treatment in a short timeframe. Inclusion
of the play therapist in multidisciplinary discussions 
surrounding scheduling of treatments is essential to
achieving a happy and cooperative child in the first day
of treatment.

By using these methods of preparation techniques tai-
lored to the individual’s needs, the play specialist reduces
the anxiety, fears, and misconceptions, not only for the
child but also for the family. This enables the child to
cooperate with the treatment with a reduced risk of
long-term psychological trauma. It makes life easier for
all concerned and frequently saves the need for general
anesthesia with all its clinical and financial consequences.

Using play specialists would result in a huge saving in
cost and a reduction in risk because every general anes-
thetic (GA) involves risk. Often radiotherapy lasts 30 days
which means 30 � GAs, but most of all it benefits the
child in terms of self confidence and self esteem because
they learn how to cope. The cost of two children’s GAs
for 30 days will pay for one hospital’s play specialist’s
salary.16

ANESTHESIA FOR RADIOTHERAPY: A
PEDIATRIC ANESTHETIST’S VIEW

Introduction

When there is no prospect of a child remaining motion-
less for cranial radiotherapy for whatever reason, anes-
thesia is used to immobilize the child in order to make
the application of radiotherapy safe and controllable.
This situation happens most frequently in preschool
children (under five to six years) and in children with
developmental delay. In our practice, we have rejected
restraint (straps) as a method for immobilizing children
during non-anesthetized radiotherapy.

Craniospinal radiotherapy is the most complex radia-
tion field delivered. New techniques of hyperfractionated
radiotherapy and conformal treatments mean that the
risks of radiotherapy on long-term neurological damage
versus its benefit in tumor cure are being reconsidered for
younger children. It is likely, therefore, that radiotherapy
under anesthesia will continue to be a regular feature of
the pediatric radiotherapy department as anesthetic tech-
niques have developed considerably in the past decade,
making anesthesia safer. Careful consideration needs 
to be given to the specialist environment, staffing, and 
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A three-year-old boy needed craniospinal radio-
therapy. He had spent most of his life in hospital
since he was nine months old. He was getting fed 
up with coming to hospital, becoming distressed 
on occasions. After spending some time with the
family, we decided to make the mask impressions
under general anesthetic and to carry out the
treatment while the child was awake.

We made an extra mask, which I took out to 
the boy’s home, where we carried out the play
preparation. The mask stayed at the boy’s home,
where he practiced wearing it and then lying still it
in it, with his parents helping him. We visited the
radiotherapy department on several occasions,
choosing quiet times so the boy could go in the
rooms, play on the beds, and operate the machinery
without anything happening to him.

This continued for several weeks, until we all
thought the boy was ready to begin. The boy was fine
until he was asked to take off his vest, at which point
he became very distraught. When asked what had
upset him, he replied that he did not want to take 
his vest off or people to look at his back.

The solution was simple: we created a special
radiotherapy vest with a window cut out of the back.
This worked well, as the child kept his vest on and
the radiographers could get to the area they needed
to visualize. Of all the things that had happened to
the child – the machinery in the room, strange
people, strange surroundings – the most traumatic
thing for him was the removal of his vest. It is
important to always listen to the child. This boy
sailed through the rest of his treatment without 
any problems.
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planning that modern anesthetic techniques require for
their safe application for this indication.

This section has been written as a personal view of
anesthetizing children for radiotherapy over a number of
years. Some of the discussion will center upon the physi-
cal environment that exists in our hospital, which, of
course, will be different in other institutions. However,
consideration of the physical environment is central to
planning anesthesia for this subgroup of children.

The problems

THE CHILD

The young or handicapped child who requires cran-
iospinal radiotherapy has commonly been treated inten-
sively with other cancer treatments, including surgery
and chemotherapy. The child may have physical or neu-
rological disability, and they may come with a family that
is concerned about the chances of success of the treat-
ment and is unsure about the consequences of the radio-
therapy being offered.

The delivery of radiotherapy is commonly in a hos-
pital distant from the child’s cancer unit. The radio-
therapy machines are accommodated in concrete-lined
rooms with no windows, often in the basement of the
hospital. The child’s previous experience of going to 
theater, having chemotherapy, and undergoing physio-
therapy and rehabilitation will have colored their view 
of whether they can trust the adults delivering their 
treatment.

The child needs to be starved for general anesthetic,
thus the timing of general anesthesia is crucial. An early
start means that three meals a day can be achieved.A 2 p.m.
start means no lunch, which leads to a malnourished
child.

THE PARENTS

The parents are frequently extremely anxious about the
process of anesthesia on one occasion, but to undergo it
repeatedly on a daily basis for several weeks is a dimen-
sion of commitment with which they are unfamiliar.
Clear explanations are required of the methods of anes-
thetic used, the feasibility of repeated intravenous or
inhaled inductions, the safety of the child during the
anesthetic, the time taken for the child to recover, and the
accommodation of the child and the family during this
prolonged period, whether it be in hospital or at home.
Traveling to the hospital on a daily basis for treatment is
often problematic but avoids the dislocation of the child,
plus a parent, from the rest of the family for a period of
several weeks. For some patients, “night care” has proven
popular, i.e. the child arrives at bedtime and departs
mid-morning after recovery from the general anesthetic.

THE ANESTHETIC TEAM

The majority of centers offer anesthetics for radiotherapy
as an exceptional service rather than a routine service.
Therefore, unless the child is being cared for in a very
large treatment center, there will not be a regular anes-
thetic list to cover radiotherapy anesthetics on a daily basis
throughout the year. This means that each child’s treatment
must be arranged in a specific way, using anesthetically
trained medical, nursing, and theatre staff at a non-
theatre location and ensuring continuity of availability of
these staff on a daily basis for the four to five weeks of
treatment.

The radiotherapy environment in which the anesthetic
is delivered is often designed primarily not for anesthesia
but for delivery of radiotherapy. The availability of piped
oxygen, anesthetic-scavenging equipment, sufficient
space, and recovery equipment is highly variable between
centers. More recently designed units are increasingly
having radiotherapy rooms installed with anesthetic
facilities.

Finally, the radiotherapy department may be in a hos-
pital without regular pediatric medical services. This poses
a particular difficulty for providing suitable resources to
support cardiac arrest and transfer to a children’s inten-
sive care area if an unexpected severe anesthetic incident
occurs. These matters are the subjects of a variety of
safety standards, which vary from country to country,
but clearly awareness of these standards is a critical part
of planning such a service.

The radiotherapy technique

Listening carefully to the special needs of the child and
their family, providing clear explanations of the procedure
and risks, giving the child and the family opportunities to
get to know the anesthetic team, and a personal and pro-
fessional strategy by the anesthetist that is child-friendly
and cooperative are all important for the planning of any
individual child’s treatment program involving anesthesia.
Play preparation of the child (see above) is critical for 
trying to gain the child’s cooperation for anesthesia, and
indeed for full radiotherapy treatments; it is preferable
that cooperation be gained for the former even if it can-
not be gained for the latter. If the anesthetic personnel are
to change through the treatment period, then clear expla-
nations to the child and family that this will occur may
well help them conquer their natural suspicion of new
faces.

The anesthetic

Careful assessment of the radiotherapy area for delivery
of anesthetics is critical to safe practice. A selection of



suitable equipment that can be transported to the area
safely with built-in safeguards to cover against unexpected
eventualities is critical. The installation or availability of
piped oxygen and anesthetic-scavenging equipment is a
standard that should be available. Use of a very large 
“J” oxygen cylinder may be a substitute for pipeline oxy-
gen. If no scavenging is available, then engineers may be
asked to increase the airflow to the radiotherapy suite,
and the consultant may select a circuit with lower flow
requirements and use an oxygen/air/vapor mixture rather
than oxygen/nitrous oxide/vapor. Careful selection of
anesthetic agents for induction and maintenance of anes-
thesia to provide rapid “street fitness” is desirable, e.g.
propofol for induction and sevoflurane or isoflurane for
maintenance. The selection of methods for anesthetic
monitoring is important, whether it be by having moni-
toring devices within the radiotherapy suite monitored
by a television camera, or by having bespoke monitoring
equipment within the radiotherapy suite console into
which monitoring devices can be plugged. Television
monitors, if used, should be color-sensitive so that the
patient’s condition can be monitored, and the television
system must have high resolution so that detail can be
seen appropriately. Access to a central venous catheter for
repeated intravenous induction is the preferred method
of anesthesia because of its speed of action and lack of
discomfort. Routine use of antiemetics to minimize the
risk of radiotherapy-induced nausea and vomiting should
be used in order to optimize the recovery on each day.
Finally, recovery after anesthesia needs to be a specific
task for the anesthetic team and is not easy to delegate
routinely to non-anesthetic-trained nurses, since they
are unfamiliar with the stages of recovery and may miss
changes indicative of unexpected difficulty.

Positioning

Most radiation oncologists prefer the prone position
for delivering of radiotherapy to the back of the head,
the cranium, and the spinal column. However, the prone
position is probably unsuitable for regular anesthetics
without intubation. Repeated intubations over four to
five weeks on a daily basis are potentially hazardous
because of the local trauma to the vocal cords and the
possibility of laryngospasm during periods of recovery.
In our practice, we have insisted, as anesthetists, on a
supine position; the radiotherapists have responded to

this in the interests of patient safety by redesigning
their system for delivery (Figure 10.1).17 It does put the
radiotherapy technicians at greater inconvenience in
monitoring their fields to the spine, as these need to
be delivered from below rather than above the table,
and the marks for positioning fields therefore must be
directed through the table. However, we have found that
by adopting a supine position, we have been able to
induce anesthesia using intravenous agents and main-
tain an airway with a laryngeal mask, thereby avoiding
the need for repetitive intubation. This, in turn, allows
the child to breathe spontaneously during the anesthetic.
We use a fast-acting inhalational anesthetic (sevoflurane)
using an oxygen/air mixture. The avoidance of the prone
position precludes the need for regular intubation, avoids
the need to provide appropriate position support under
the shoulders and hips to allow for unimpeded diaphrag-
matic movement, and in obese patients avoids the risk of
compression of the chest by the abdominal contents due
to obesity.
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Patient selection for anesthesia

• Preschool (under five to six years): optional.

• Under three years old: all children.
(a)

(b)

Figure 10.1 Supine positioning for craniospinal radiotherapy
under general anesthesia.



Completing the course

Once the radiotherapy course has started, there is a com-
mitment to see it through to the end on a daily basis,
since there is evidence that delays in radiotherapy treat-
ments can compromise the anti-tumor effect. For the
anesthetist, this means that giving an anesthetic to a child
with an upper respiratory tract infection or other anes-
thetic risk factor must be considered an acceptable risk
by adopting appropriate techniques. The potential for
laryngospasm, coughing, and breath-holding in a child
with an upper respiratory tract infection with possible
consequent desaturation episodes are all problems that
have to be overcome rather than be used as a reason for
delaying or omitting anesthesia.

Delivery of radiotherapy under anesthesia by the anes-
thetic team is one of the more rewarding aspects of our
work. The regular appointments for these anesthetics
mean that the team, the child, and the family form a sus-
tained relationship. There is a feeling that immobiliza-
tion for these young children is contributing very positively
to the possibility of them being cured of their tumor, and
the technical challenge of delivering safe anesthesia on a
daily basis for several weeks is personally and profession-
ally satisfying.

Supportive care

The acute side effects of irradiation are normally accept-
able, leading to a grade I or II erythema within the treat-
ment portals and other early reactions such as radiation
esophagitis and diarrhea from the spinal component of
craniospinal irradiation. Neurological toxicity normally
does not exceed World Health Organization (WHO) grade
I or II toxicity, requiring steroids only in rare cases.18

A child- and family-centered approach is an integral part
of supportive care during radiotherapy. This should be
delivered by a dedicated multiprofessional team. Play ther-
apists can play a pivotal role in the preparation of the child
for radiotherapy. Information given to the family by the
clinicians should be reinforced by other professionals,
particularly nurses. High-quality, multiprofessional care
requires close and compassionate cooperation between
the radiotherapy and pediatric oncology departments.

TECHNICAL CONSIDERATIONS

Treatment planning/definition of target
volumes

Radiotherapy is a local treatment; therefore, the target
volumes are defined according to the pathological and
biological behavior of the tumor to be treated, specifi-
cally its tendency to infiltrate and recur locally or to
spread within the brain or entire CNS (Table 10.1). The
improvements in radiotherapy treatment and delivery
techniques allow better coverage of target volume in
order to ensure maximal tumor control while sparing as
much normal tissue as possible to reduce the risk of tox-
icity secondary to treatment.

TARGET VOLUME

Treatment planning comprises the exact definition of
the volumes to be treated according to internationally
formalized standards, i.e. those of the International
Commission for Radiation Units (ICRU).19 Important
developments have been the production of the ICRU-50
and ICRU-62 documents. These define how tumor,
patient, and treatment parameters are taken into account
when defining radiotherapy target volumes. These
volumes are essentially based on gross tumor volume
(GTV), clinical target volume (CTV), and planning target
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Editorial comment

Although some pediatric anesthesiologists may
prefer or even insist on the supine position for
radiotherapy, this is not a universally held view.
Many others are prepared to anesthetize children in
the prone position for craniospinal irradiation.
Where there is a choice between prone and supine
positions, it is reasonable to choose the latter for
children requiring anesthesia. For craniospinal
irradiation, many radiation technologists prefer to
be able to visualize the junction between the head
and spine fields, and also to check alignment of the
spinal fields. However, with the development of
newer technologies for positioning and verification
(such as real-time electronic portal imaging), this
view may change.

Table 10.1 Clinical target volume according to areas at risk
defined by tendency of the tumor to spread within the central
nervous system (CNS)

Primary tumor site
“limited volume Whole-brain
irradiation” technique CNS “neuraxis”

Low-grade glioma Leukemia Medulloblastoma/PNET
High-grade glioma Germinoma Anaplastic ependymoma*
Ependymoma Lymphoma Germinoma*
Craniopharyngioma Secreting germ-cell
Teratoma tumor*

PNET, primitive neuroectodermal tumor.
* Advised in some clinical situations.



volume (PTV); they also take into account precision of
imaging, geometric precision of treatment technique,
and organs at risk (Figure 10.2).

DOSE PRESCRIPTION AND SPECIFICATION

The radiotherapy dose prescription is given according to
internationally accepted recommendations such as the
ICRU-50 and ICRU-62 rules.19 Total dose, fractionation,
and the definition and tolerance levels of dose homo-
geneity within the target volumes should be standard-
ized, including reference points within the target volumes
and corresponding reference doses (dose specification).
In addition, the dose to critical organs (organs at risk,
OARs) should be recorded. In whole-brain irradiation,
the dose is specified at the midplane of the central axis of
the two parallel opposed fields. In irradiation of the
spinal canal, the depth of the maximum dose is deter-
mined using a CT or a lateral simulation film in the treat-
ment position. It is necessary to calculate the minimum
and maximum depth of the target volume at the poste-
rior border of the vertebral bodies. The points of maxi-
mum depth are usually at C7 and L5. The spinal dose
must be recorded as a maximum and minimum 

corresponding to the minimum and maximum depths of
the posterior vertebral bodies, and the doses should be
prescribed to the minimum. If the calculated dose to these
points varies by more than ten per cent, then a compen-
sator should be designed to improve the uniformity of
dose. In the case of electrons, the energy should be chosen
such that the 90 per cent isodose line encompasses the
deepest part of the target volume; the dose specification is
made at the 90 per cent isodose. Radiation dose specifi-
cation in irradiation of the tumor region is done with the
ICRU reference point in the center of the target volume
(100 per cent). The ICRU-50/62 document recommends
that dose inhomogeneity within the target volume should
not exceed the tolerance limits of minus five per cent to
plus seven per cent.

DOSE HOMOGENEITY

The goal is to achieve a homogeneous dose distribution
throughout the planning target volume within a range of
minus five per cent and plus seven per cent. Dose homo-
geneity within the planning target volume is affected by a
number of factors, including the shape of the patient’s
surface and position parallel to the central axis of the
beam. Previously, wedge filters were used to achieve a
homogeneous dose distribution. The beam intensity is
decreased more along that part of the beam rays travel-
ling through the thicker part of the wedge. Intensity is
absorbed according to the different angles of the wedges.
Alternatively, a standardized wedge moves into the field
(dynamic wedge) when the beam is on, and a computer
controls the speed of blade moving in and out of the
beam. In recent years, however, multileaf collimators
have been used to achieve an intensity-modified beam by
superimposing differently shaped portals.

FIELD-SHAPING

The planning target volume is often irregularly shaped,
mandating individualized field-shaping and alignments
in order to shield normal tissue and OARs, such as the eyes,
in the whole-brain technique. Traditionally, blocking was
achieved by manually cutting a cast to the shape and pour-
ing hot cerrobend (an alloy of bismuth, lead, tin, and
cadmium) into the cast with a thickness of three to five
half-value layers (one half-value layer attenuates the beam
by 50 per cent). These blocks were attached to a tray, which
was mounted in the head of the treatment machine. With
recent computer technologies and rapid advances in
imaging software, virtual three-dimensional reconstruc-
tion of the anatomy can be made from CT or magnetic
resonance imaging (MRI) scans. For multiple non-
coplanar beams, accurate shielding can now be achieved
by introducing multileaf collimators, thereby avoiding
the labor-intensive manufacture of cerrobend blocks.
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CTV � GTV � subclinical involvement

GTV

Subclinical involvement

Safety margin
(internal margin
� set-up margin)

GTV � macroscopic disease
(gross tumor volume)

PTV � CTV � safety margin

Figure 10.2 Definition of target volumes in treatment planning
according to the International Commission for Radiation Units
ICRU 50/62 rules.19 (CTV, clinical target volume; GTV, gross
tumor volume; PTV planning target volume.)

Definitions of target volumes (ICRU-50)

• GTV: gross visible/demonstrable extent and
location of malignant tumor.

• CTV: volume that contains subclinical tumor that
is required to be eradicated.

• PTV: a geometrical concept defined to select
appropriate beam sizes and arrangements, taking
into account the net effect of all the possible
geometrical variations.
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INTENSITY MODULATED RADIOTHERAPY

Intensity-modulated radiotherapy (IMRT) is an impor-
tant development that is likely to be used increasingly.
Using multileaf collimators, it is possible to develop
systems to vary the intensity within the radiation beam
during a radiation exposure. IMRT uses either the 
“step-and-shoot” technique or dynamic IMRT, which is
provided by moving multileaf collimator leaves (“sliding
window”). IMRT relies on an inverse planning system,
whereby dose and dose-distribution limits are predeter-
mined, and the computer planning system calculates
multiple beam weights and profiles. Several radiotherapy
planning studies examining radiotherapy planning for
brain tumors have confirmed the potential for IMRT
to offer an improved radiotherapy dose distribution in
patients with brain tumors when compared with other
conformal planning techniques.20–22 Using a micro-
multileaf collimation system, intensity-modulated stereo-
tactic radiosurgery23 can provide an improved dose
distribution compared with static fields. IMRT allows a
better coverage of clinical target volume and a better spar-
ing of surrounding normal tissue, particularly for irregu-
larly shaped or concave radiotherapy target volumes.
However, IMRT is a complex system requiring an opti-
mal software system combined with three-dimensional
treatment planning. Additionally, a precise reproducibil-
ity of field alignment is a prerequisite to meet the advan-
tages of this new technique. Optimization of field
arrangements and dose calculations go hand in hand
with automated procedures to evaluate the technique.
The present developments are aiming at an automatic
mathematical optimization of treatment technique and
dose distribution.

There are several potential roles for IMRT in the man-
agement of pediatric brain tumors. IMRT allows for
improved dose distribution within the target volume
compared with surrounding normal tissue. It may be
used to reduce the dose to surrounding normal brain as
in conformal treatment of the tumor bed in medul-
loblastoma. It can be used to compensate for changing

patient contour, as an alternative to fixed tissue compen-
sators, e.g. in radiotherapy of the spinal axis.

Treatment techniques

The treatment technique is selected based on clinical
requirements. Treatment techniques include simple treat-
ment portals and complex treatment techniques, such as
irradiation of the craniospinal axis and irradiation of the
primary tumor site by using computer-assisted treat-
ment planning (Figure 10.3).

WHOLE-BRAIN IRRADIATION

Whole-brain irradiation is an integral part of the treat-
ment of acute leukemia, medulloblastoma, and intra-
cranial germ-cell tumors. Parallel-opposed isocentric
lateral treatment portals are used to encompass the entire
intracranial contents. Head immobilization is necessary
to achieve a reproducible treatment (Figure 10.4). The
appropriate beam energy for irradiation of the entire
intracranial contents is usually below 10 MV to avoid
underdosing brain tissue and meninges close to the sur-
face, which is within the dose built-up region. Anatomical
landmarks (generally bone) visible on simulation or por-
tal localization radiographs are used to define the field
borders. The inferior border should be inferior to the
cribriform plate, the middle cranial and posterior fossae,
and the foramen magnum. The safety margins critically
depend on the geometric precision of field alignments,
the width of the penumbra, and individual anatomic fac-
tors. Even under optimal conditions, the safety margins
should be at least 1 cm (Table 10.2). To achieve a homo-
geneous dose distribution, especially at the subfrontal
region, the isocenter should be placed in the area of the
cribriform plate. This will also reduce the risk of damage

Treatment planning

Computer-assisted treatment planning, including
modern imaging techniques, has become standard 
in radio-oncology in recent years. A precise three-
dimensional delineation of the tumor in con-
junction with a corresponding three-dimensional
treatment planning allows precise and reproducible
coverage of target volumes while sparing normal
surrounding tissue. Local high-dose delivery and a
reduced dose to healthy tissue lead to better tumor
control and a reduction in side effects.

Lateral isocentric opposed
treatment fields or simple
dorsal fields

Neuraxis irradiation, consisting
of lateral isocentric opposed 
fields and dorsal spinal fields

Conventional (two-dimensional)
CT-assisted treatment plans

Three dimensional CT-assisted
treatment plans

Radiosurgery

Spinal canal, whole brain
in leukemia (“helmet”)
technique

Medulloblastoma, germ-cell
tumors

Low- and high-grade gliomas,
boost of the posterior fossa 
after CSI

Low-grade glioma,
craniopharyngioma, boost of
tumor site after CSI

Low-grade glioma, boost
treatments, salvage therapy,
?limited by tumor size

Figure 10.3 Corresponding treatment techniques after
definition of target volumes. (CSI, craniospinal irradiation;
CT, computed tomography.)
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to the contralateral lens from the divergent beam. Indi-
vidualized blocks along the base of the skull usually allow
sufficient sparing of the lenses. However, since the cribri-
form plate can be projected over the upper third of the
orbit in a considerable proportion of children,24 it may
not be possible to shield the lenses, since a miss of the
clinical target volume at the cribriform plate may account
for CNS relapses found in the subfrontal region.25 It is
now thought preferable to achieve coverage of this region
even at the risk of cataract development.

IRRADIATION OF THE CRANIOSPINAL AXIS

The aim is to achieve a homogeneous dose distribution
throughout the entire intracranial contents and the spinal
axis. Craniospinal axis irradiation basically consists

of the whole brain volume plus an adjacent dorsal field
for the spinal canal (Figure 10.5). The quality of cran-
iospinal irradiation considerably impacts the risk for
relapse, especially in the management of medulloblast-
oma (Table 10.3). In the prospective study of Packer
and colleagues,26,27 inadequate radiotherapy was associ-
ated with a worse survival. The French working group for
the treatment of medulloblastoma in childhood reviewed
the radiation therapy protocol of the multicenter study
M7 and assessed the contribution of radiotherapy 
techniques to tumor relapse.28 Of 82 patients treated
for medulloblastoma, 22 had recurrent disease. In ten
(45.4 per cent) cases, the relapses could be attributed to
an inadequate treatment technique. In a subsequent
analysis, Carrie and colleagues assessed the frequency
of failures and survival with respect to quality of radia-
tion therapy in medulloblastoma and noted a dramatic
reduction in survival with increasing frequency of
protocol violations.29 In contrast, the prospective quality-
assurance program of the Hirntumoren (HIT) studies
for the treatment of malignant brain tumors in child-
hood resulted in radiotherapy performed according to
protocol guidelines in 95 per cent of children, and it is
reasonable to postulate that high quality of radiotherapy
may have contributed to the good outcome of patients
treated in these studies.8,18

In recent years, treatment techniques have been intro-
duced that ensure reliable administration of radiother-
apy. These new developments have in common the fact
that the traditional treatment technique of using lateral
isocentric opposed fields to irradiate the whole brain and
the irradiation of the spinal canal by using a dorsal field
remains unchanged. CT simulation of craniospinal fields
is able to improve treatment accuracy and patient com-
fort.30 A volumetric dataset acquired by sequential CT
scans allows a computer-assisted virtual simulation of
field alignments. Comparison of digitally reconstructed

Table 10.2 Geometric precision of current treatment techniques in irradiation of primary tumor site. Geometric precision is defined 
as random linear deviations of field alignment between simulation and first session and between each subsequent session (with the
exception of radiosurgery measurements with a phantom)

Geometric Precision
Ref. Technique Immobilization system (mean, mm) (maximal, mm)

41 Craniospinal axis Vacuum pillow, cast 5.0 13.0
24 Lateral, isocentric opposed Thermoplastic facemask 4.0 10

fields (whole-brain technique)
47 Conventional CT-assisted Thermoplastic facemask 2.5 5.0

radiotherapy (two-dimensional)
8 Conformal radiotherapy Rigid facemask (bandage/cast), bite block 0.9 3.0

(three-dimensional)
75 Fractionated convergence therapy Gill–Thomas–Cosman ring (relocatable) 1.0 2.3
54 “Radiosurgery” (high single dose) Invasive, stereotactic frame 0.3 1.0

CT, computed tomography.

Figure 10.4 Head fixation with thermoplastic facemask in
irradiation of the entire intracranial contents in supine position
on the treatment machine (thermoplastic facemask). Cerrobend
blocks are attached to a tray mounted on the gantry, in order to
shield the face (whole-brain technique).
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Figure 10.5a,b,c (a) Conventional craniospinal irradiation. The patient is in prone position. Cast for fixation to assure reproducibility of
field alignment. The whole brain is treated by two lateral isocentric opposed fields. The spinal canal is treated by a dorsal treatment portal. 
(b) Computed tomography scan, displaying patient positioning for treatment planning. (c) Schematic display of field alignment.
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radiographs of the virtually simulated fields with verifi-
cation films taken during treatment set-up confirms a
high degree of accuracy.

WHOLE-BRAIN TECHNIQUE

This technique is described above, with modifications
to meet the requirements for a homogeneous dose
distribution of the field junction. The field extends to the
C3–C4 interspace, where it adjoins the spinal volume.
Collimator rotation is required to match the whole-brain
portals to the divergent edge of the adjacent spine field.
Care has to be taken for the abutting borders of the
whole brain and spinal portals. The depth of the dose
maximum has to be determined using a CT scan in the
treatment position. As an alternative, lateral simulator
films with metal skin markers can be used.

SPINAL FIELD

The spinal canal is irradiated using a single, direct, dorsal
portal. In adolescents, the field length may not be 
sufficient, making necessary the use of two dorsal por-
tals. The occurrence of metastases from medulloblast-
oma by way of seeding along cerebrospinal fluid (CSF)
pathways to the spinal canal is well recognized. It is there-
fore indispensable to provide a reliable coverage of the
entire dural sac. MRI (normally done for staging) should
be used whenever possible to determine the lower field
border and width in the sacral region. The width of the
field should cover the lateral borders of the pedicles and
allow for scoliosis or rotation of the vertebral column.

Individualized field-shaping in the upper region of the
spinal fields using multileaf collimators will help to
reduce irradiation of normal tissue and OARs, such as
the heart and lungs. The design of the inferior portion of
the spinal field of craniospinal irradiation is a matter of
custom but not consensus. There are no data in the liter-
ature evaluating the frequency of recurrent disease with
respect to field alignment. Many radiotherapists widen
the inferior aspect of field to encompass the sacroiliac
joints in order to safely cover the sacral nerve roots. The
field design is commonly referred to as a “spade field” by
virtue of its resemblance to a spade. However, gross
anatomy, myelography, and spinal CT and MRI scanning
show that the spinal canal extends laterally no further
than the point of exit of the spinal nerves through the
intervertebral foramina, suggesting that the widening of
the treatment portal in the sacral region is not neces-
sary.31,32 MRI can be used to determine the thecal sac in
order to adjust the caudal border of the spinal field. In
one analysis, it was demonstrated that the thecal sac ter-
minated below the S2–S3 interspace in only two (8.7 per
cent) of 23 children. MRI can be used to individualize the
lower border of the spinal field to minimize scattered
radiation to the gonads.32

ELECTRON BEAMS FOR SPINAL FIELDS

Electron fields may be utilized if the depth of the target
volume is within the therapeutic range of electrons.
Precise selection of energy is necessary to avoid under-
dosage in some cases. Electron beams offer a potential
advantage in limiting exit dose to the vertebral bodies,

Table 10.3 Impact of quality of radiotherapy on outcome in radiotherapy of medulloblastoma

Ref. Patients (n) “High quality” “Low quality” Survival Differences

27 108 Radiotherapy 1983–89, Radiotherapy 1975–82, Five-year survival Significant, P � 0.004
n � 41 n � 67 49% v. 82% five-year-PFS

28 88 CSA � e� CSA � X 4 v. 0 relapse Not stated

76 40 Radiotherapy before 1980 Radiotherapy after 1980 Five-year survival Significant, P � 0.02
64% v. 80%

67 77 41 adequate whole-brain 36 inadequate whole-brain Five-year PFS 94% v. 72% Significant, P � 0.016
fields fields

29 169 49 (29%) Minor deviations � 67 (40%); Three-year relapse rate Significant, P � 0.04
major deviations (md) � 53 after treatment: 33% for
(31%), of these 36 � one md, all patients, 23% for correct
11 � two md, six � three md treatment, 17% for one md,

67% for two md, 78% for 
three md

26 63 No deviations � 43 Deviations � 20 Five-year PFS 81% v. 70% Not significant,
P � 0.42

CSA � e�, craniospinal axis irradiation with electrons; CSA � X, craniospinal axis irradiation with photons; PFS, progression-free survival.



thus reducing the risk for growth retardation and myelo-
suppression. In one study, the thyroid dose was decreased
from 73 to seven per cent, the heart dose from 59 to six
per cent, and the kidney dose from 76 to 31 per cent.
However, lateral scatter of electrons increased the dose to
the lungs from ten to 35 per cent.33 Using tertiary colli-
mation close to the skin of electron beams at extended
source-to-surface distance may reduce the penumbra
width.34 However, the clinical significance of these dosi-
metric findings remains to be demonstrated. Gaspar and
colleagues followed 32 patients who received electron
irradiation to the spinal field.35 Complications following
treatment were compared with reported complications
following treatment with photons to the spinal field. The
authors found no differences in late complications, sug-
gesting that the dose reduction to OARs has little clinical
impact.

FIELD-MATCHING

Devising a treatment technique that prevents overdosage
and underdosage at the junction between the whole
brain and cranial spinal field requires complex three-
dimensional matching of adjacent fields. There are sev-
eral ways to achieve a homogeneous dose distribution: by
rotating the collimator of the whole-brain technique
according to the beam divergence of the upper spinal
field, by moving junctions, and by using penumbra mod-
ifiers.35–38 Most commonly, the collimator is rotated to
produce a smooth variation of dose between the adjacent
portals. This results in an exact match of cranial and spinal
doses without the need for a gap. The divergence of the
cranial fields can be compensated by rotating the treat-
ment couch such that the inferior edges of the cranial
fields become coplanar with the upper edges of the spinal
fields. This technique, however, increases the divergence
of the beams at the subfrontal region, with resulting dose
inhomogeneities in this area.

Dose profiles across the junction have shown an
underdosage of 60 per cent with a gap of 1 cm and an
overdosage of up to 40 per cent in an overlap of 5 mm
when using 4-MV photons.38 The optimal dose distribu-
tion is a tight junction.36,38 Isocentric half-field tech-
niques using an penumbra modifier at the field junction
achieve dose variations of less than ten per cent across
the match zone.37 To minimize cumulative local dose
irregularities and underdosage, a practice of changing
the location of the junction one or more times during the
course of treatment (“feathering”) has been generally
adopted. The increment of movement should be 1–2 cm.
When moving the junction by 1 cm, underdosage can be
reduced to 20–30 per cent and overdosage to 10–20 per
cent. Tinkler and colleagues, however, noted that moving
junctions appeared not to be necessary in terms of clini-
cal significance.39 In a series of 34 patients with a constant

junction, no morbidity or relapses were observed, indi-
cating that the necessity for feathering is questionable.
Another technique to provide sufficient dose homogene-
ity is computer-assisted dynamic radiotherapy achieved
by using interactive movement of the couch for treating
the spinal fields.40 Additionally, random set-up errors
will tend to eliminate hot or cold spots at the junction.41

Field-matching between two spinal fields is usually
done with a tight junction at the level of the dorsal bor-
der of the vertebral body, thereby leaving a small gap in
the spinal canal and a skin gap of at least 1 cm. Under
these circumstances, a moving junction is indispensable
to avoid cold and hot spots along the spinal canal and
vertebral bodies. Three-dimensional treatment planning
allows optimized dose distribution across the junction.
By using this technique, neither increased relapse rates
nor cases of myelopathy have been observed.

PATIENT POSITIONING

Manufacture of a fixation device for the head and trunk
is indispensable for providing a stable and reproducible
treatment delivery. The spine should be made as straight
as possible to achieve a constant-depth dose distribution
along the spinal canal. Normally, the child is treated in
the prone position. In recent years, the supine position
has also been used, but this requires precise computer-
assisted treatment planning to avoid dose irregularities
across the matching zone of treatment portals.41,42

Posterior fossa/primary tumor site

Craniospinal irradiation is normally followed by a boost
to the posterior fossa in medulloblastoma or to the
tumor site in supratentorial PNETs and germ-cell tumors.
Computer-assisted treatment planning should be per-
formed to achieve reliable coverage of the treatment vol-
ume and to allow optimal sparing of normal tissue
(Plates 12 and 13). The posterior fossa can be treated using
lateral opposed fields. Lateral fields can be angled in
order to spare the inner ears. The anterior field border
should encompass the clinoid process, the posterior field
border should encompass the occipital bone, and the
inferior border should encompass the first cervical seg-
ment. Conformal radiotherapy is under investigation for
posterior fossa boost irradiation because of better sparing
of other structures. Paulino and colleagues analyzed dif-
ferent conformal treatment techniques with the conven-
tional lateral isocentric opposed field technique and found
an advantage of conformal therapy in terms of coverage
of the planning target volume and dose reduction to the
cochlea, pituitary gland, and non-posterior fossa brain,
albeit at the expense of increased dose exposure to the
thyroid gland and other tissues in the neck.43 Although
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there is ongoing discussion as to whether to treat the
entire posterior fossa in medulloblastoma, the entire pos-
terior fossa is at risk for recurrent disease according to
intraoperative pathological findings in five craniotomies
that demonstrated extensive tumor spread within the
entire posterior fossa.44,45 Increased recurrence rates were
observed in patients with protocol violations and who
were treated with reduced field sizes in the large prospec-
tive trial Société International d’Oncologie Pédiatrique
(SIOP) II.46 This issue is still unsolved, and standard
treatment techniques should therefore encompass the
entire posterior fossa. In the treatment of the primary
tumor site in supratentorial PNETs and germ-cell tumors,
the techniques of irradiating limited volumes are the
standard of care (see below and Chapter 16).

Irradiation of the primary tumor

Usually, computer-assisted treatment planning is used. It
is recommended that an individualized facemask be used
to guarantee reproducibility of head positioning. A head-
rest should be chosen in order to provide sufficient head
inclination so that anterior–posterior beams will not tra-
verse the lenses of the eyes. Devices for head fixation are
indispensable for providing a reproducible field align-
ment. They usually include thermoplastic facemasks with
individually made mouthpieces or bite frames attached
to the table. Field alignment achieved by using fixation sys-
tems can be reproduced reliably in clinical practice with
deviations of 2.5 mm.47 Reproducibility is significantly
less accurate if no fixation system is applied (Table 10.2).

The CTV encompasses visible tumor as seen on CT or
MRI (T1 contrast enhanced or T2-weighted plain images)
and areas of possible tumor infiltration. When defining
the CTV, anatomical borders must be considered, i.e. in
tumors of the frontal region, tumor spread normally
does not cross the falx to the contralateral side. The PTV
encompasses the CTV with an additional margin accord-
ing to the precision of treatment technique (0.2–0.5 cm

if rigid head fixation, 0.5–1.0 cm if a conventional
facemask/head shell is used).48

In tumors of the spinal canal, a simple dorsal field is
normally sufficient to meet the requirements of homoge-
neous dose distribution. Definition of the CTV should
be done using MRI. Safety margins of one vertebral seg-
ment are recommended.49

Two-dimensional (conventional) treatment
planning and delivery techniques

The introduction of computer-assisted treatment plan-
ning systems led to two-dimensional radiation therapy.
Beam angles can be modified to avoid direct beams to
especially sensitive organs, such as the eye, optic nerves,
and chiasm. Targets near the surface can be treated by
using two orthogonal fields (such as an anterior or poste-
rior and lateral field), using wedges to provide a homoge-
neous dose distribution across the planning target
volume. In more central tumors, three or four field tech-
niques are usually applied; simple lateral opposed portals
should be avoided whenever possible in order to reduce
normal tissue irradiation. Non-coplanar treatments can
be performed by using beams that are not in an axial
plane, by rotating the treatment couch, and by moving
the gantry to the decided position. Straightforward non-
coplanar beams, such as an anterior, lateral, or vertex
field, can be used for lateral lesions, especially in the area
of the temporal lobes. A pair of parallel opposed fields
augmented by a vertex field can be administered for
lesions along the midline.

Current two-dimensional radiation therapy tech-
niques are usually based on a single-axial CT scan of the
patient. The major shortcomings of two-dimensional
treatment planning systems are the lack of a realistic dis-
play of GTV and CTV. Correspondingly, the real volume
of normal tissue or OARs included in the 95 per cent iso-
dose is not appreciated sufficiently, resulting in a failure
to compute the dose prescriptions throughout the target
volumes and normal tissue.

THREE-DIMENSIONAL (FRACTIONATED) 
CONFORMAL RADIOTHERAPY

Current radiation techniques of limited volume irradia-
tion of brain tumors using modern three-dimensional
conformal treatment planning systems are essentially
based on quantitative data acquired during the CT plan-
ning examination (Plate 14). The major advantages of
CT planning in conjunction with registration of MRI scans
are the exact localization of target volumes with respect
to the surrounding tissue, body outline, and internal and
external landmarks, and more accurate delineation of
critical organs such as the brainstem and optic chiasm.

Treatment techniques

Whole-brain fields and irradiation of the cranio-
spinal axis are the classical techniques for treating
macroscopic tumor and areas of possible tumor
spread within the brain or entire CNS. The treatment
fields cover larger areas of normal tissue requiring an
adequate dose prescription, which is able to control
disease in adjuvant areas and which considers
normal tissue tolerance. As a rule, the total doses are
therefore limited and smaller doses per fraction are
normally applied to allow optimal recovery of
normal cells.
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With these data, optimal three-dimensional beam model-
ing and dose distribution calculation can be performed.

Three-dimensional treatment planning and confor-
mal radiation therapy promises high precision in dose
delivery to a defined target volume and represents a major
improvement over conventional two-dimensional radia-
tion therapy. The process of three-dimensional confor-
mal irradiation comprises several steps. An adequate
acquisition of volumetric data by imaging is a prerequi-
site to precisely delineate anatomical structures, i.e. the
tumor and OARs. According to the ICRU-50/62 rules,
GTV, CTV, and PTV are contoured on each consecutive
CT or MRI slice. The data are then transferred to the
three-dimensional treatment planning system, which
reconstructs all target volumes and normal tissue struc-
tures (Figure 10.6).

When the treatment plan is evaluated, additional
tools such as dose–volume histograms, dose–surface dis-
plays, and dose statistics can be used to optimize the treat-
ment plan (Figure 10.7). In order to improve delineation
of tumor and normal tissue, image fusion of MRI with
the corresponding CT imaging is being used increasingly.50

The advantages, however, can gain clinical importance
only if they are combined with a rigid head fixation sys-
tem. By using this technique, the accuracy of field align-
ment can be improved to 1.0–2.0 mm (Table 10.2).8

CLINICAL APPLICATIONS

Circumscribed brain tumors such as glioma of the optic
pathway are often irregularly shaped and localized in
close proximity to OARs, such as the eye, pituitary gland,

and brainstem. Multiple static fields that conform to the
irregular shape of the tumor achieve a maximum dose
within the lesion while sparing normal surrounding
structures (Figure 10.3). In contrast to convergence ther-
apy, tumors of almost all sizes and shapes can be treated
with identical geometric accuracy (Table 10.2).8,48 Three-
dimensional treatment planning with conformal tech-
niques allows a 30–40 per cent reduction in the volume
of normal brain tissue exposed to high-dose irradiation
as compared with conventional two-dimensional treat-
ment.48 At present, however, clinical data are scarce for

Patient immobilization/relocatable systems for head fixation
Imaging (MRI/CT)
Acquisition of volumetric data

Three dimensional dose calculation/evaluation of isodose
distribution
Optimization of three-dimensional beam arrangements

Contouring of gross tumor volume/clinical target
volume/planning target volume and organs at risk
on each consecutive slice

Virtual simulation/initial beam arrangements
(beam’s-eye view)

If necessary, reconstruction of the isocenter by
using repeat CT imaging; alternatively comparison
of digitally reconstructed radiographs with
verification film during treatment set-up

Subsequent verification or online portal imaging
to reproduce field alignment

Three-dimensional adjustments of beam shape, including
individualized blocks
Digitally reconstructed radiograph to display beam portals
and normal (bony) anatomical structures
Transfer of treatment plan to patient by using three-dimensional
coordinates and laser systems during simulation or on treatment
machine before starting radiotherapy
Verification of isocenter and treatment portals by radiographs

Figure 10.6 Process of treatment planning and delivery in fractionated conformal radiotherapy.
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Figure 10.7 Dose–volume histograms in fractionated
conventional two-dimensional and three-dimensional
conformal radiotherapy of irregularly shaped tumors. The
dose—volume histogram displays the relative contribution of 
the total dose administered with respect to the volume
irradiated. In three-dimensional treatment planning, the dose to
the optic chiasm and the pituitary gland has been reduced
significantly (40 per cent) as compared with the conventional
two-dimensional treatment plan.



childhood brain tumors. Debus and colleagues treated
ten patients with optic gliomas and favored a conformal
fractionated approach because of the possibility of mini-
mizing the amount of normal tissue within the high-
dose volume.51 Although not investigated in their series,
the risk for therapy-induced endocrinological disorders
can be reduced substantially by decreasing the dose to
the pituitary gland and hypothalamus. Consequently, in
optic-pathway tumors as well as other tumor types, there
is increasing interest in early treatment with fractionated
conformal radiotherapy to avoid tumor-related morbidity.

STEREOTACTIC IRRADIATION TECHNIQUES

The direct correlation between radiation dose and tumor
control suggests the desirability of increasing dose levels
for many malignant CNS tumors. Concerns regarding
the potential toxicity of higher doses of irradiation demand
restriction of the volume of brain tissue exposed to high
doses. Combined with innovations in sophisticated three-
dimensional stereotactic and imaging procedures, the
dose–response–volume interactions have heightened inter-
est in potentially idealized physical delivery of radiation
therapy. Fractionated or conformal or convergent ther-
apy proton therapy, brachytherapy, and high-single-dose
radiotherapy (“radiosurgery”) are examples of techniques
to achieve focal high-dose radiation delivery.

Treatment planning in stereotactic irradiation
For treatment planning, a stereotactic head frame system
is used with an additional set of plastic indicators with
fiducial markers for magnetic resonance and/or CT
imaging. A three-dimensional Cartesian coordinate sys-
tem (xyz) is used to specify the target coordinates in
stereotactic space. The volumetric data obtained by MRI
or CT are then entered into the treatment planning sys-
tem as input data for fitting the parameters of a mathe-
matical model for the surface of the head and for dose
calculation. Reliable definition of the target volumes is
achieved by superimposing CT and MRI images.

Stereotactic convergence therapy (“radiosurgery”)
The direct correlation between radiation dose and tumor
control suggests the strategy of increasing dose levels
within macroscopic tumor. The term “radiosurgery” was
coined to describe a technique of delivering a large single
dose of irradiation to a well-defined target volume. The
technique allows delivery of a high dose to a circum-
scribed volume and with a steep dose gradient to sur-
rounding normal tissue. Necrosis within the lesion is the
primary aim of treatment, and the response depends on
the pathobiological properties of the tumor itself. Due to
the high geometric precision of this technique, necrosis
of surrounding tissue is a rare event. Adjacent neural
structures, however, may exhibit a tissue reaction on

imaging displaying features of edema, which requires
supportive medication in some cases. The underlying prin-
ciple of radiosurgery is the use of multiple beams of radi-
ation focused on a single volume in space, adding the
numerous small doses of the incident paths through the
normal brain that converge on the tumor site.

The existing systems meet the requirements for a
highly precise treatment delivery and basically consist of
a stereotactic frame, a treatment planning system, and
adequate imaging procedures. However, they may differ
in various ways relating to localization of target volumes,
geometric accuracy of dose delivery, accuracy of dose
calculation, treatment-verification systems, and possibil-
ities to compare alternative treatment plans. A stereotac-
tic frame is fixed to the patient’s skull, providing highly
precise fiducial landmarks that allow stereotactic local-
ization of the intracranial target. The frame is used to
identify the target on MRI or CT, with respect to a speci-
fied xyz coordinate system. The defined relationship
between the stereotactic coordinate system and the radi-
ation source ensures accurate delivery of radiation dose
to the target. The process of treatment planning conse-
quently requires acquisition of accurate stereotactic images
and reliable definition of target and critical normal CNS
anatomy. A computerized simulation of the treatment
plan is necessary to optimize the radiation beam config-
uration in order to conform the isodose surface to the
target volume. Quality assurance tests are essential for
highly accurate treatment delivery.

Linear accelerator-based systems
Linear accelerator-based radiosurgery techniques are
based on the modification of standard linear accelerators
with the addition of tertiary collimation and a stereotac-
tic frame and involve rotations of the gantry. The McGill
group used additionally simultaneous couch movements
such that the exit doses did not overlap with the beam
entrance.52,53 The collimators in use have circular diam-
eters ranging from 5 to 30 mm at the linear accelerator
isocenter. The isocenter is the point of intersection
between the gantry rotation axis and the rotation axis of
the treatment couch. Ellipsoidal isodose surfaces can be
obtained by computer-controlled arc rotation combined
with different fixed gantry angles. The plane of the arcs is
vertical, and the arcs are of equal angular distance from
each other. Usually, a set of circular secondary collima-
tors (cones) is used to produce small circular field sizes,
which are defined by the diameter of the collimator.
Unlike in the gamma knife, it is not necessary to use mul-
tiple isocenters for large spherical targets. Even targets
with elliptical shapes can be treated with a single isocen-
ter by carefully adjusting the field sizes, arcs, length, and
planes. Irregularly shaped targets, however, might require
multiple isocenter treatments. Dose prescription is usu-
ally at the 80 per cent isodose surface relative to the 
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maximum dose. For a multiple isocenter treatment, the
dose prescription is given to the highest isodose surface
covering the target. The dose distribution throughout
the target volume is therefore more homogeneous than
in gamma knife treatments. Film techniques allow verifi-
cation of all positioning adjustments after the coordi-
nates of the isocenters are determined. The geometric
precision of mechanical field alignment is 0.1–0.5 mm.
In conjunction with an invasive rigid fixation system,
radiosurgery achieves a high degree of precision and
reproducibility at median deviations from the isocenter
of 0.3 mm (Table 10.2).54

Gamma knife
A similar principle underlies the gamma knife as with the
moving arcs in linear accelerator based radiosurgery. The
gamma knife is a unit containing more than 200 inde-
pendent static cobalt-60 sources, each oriented towards 
a defined isocenter at which the maximum dose is
achieved. The radiation beam from each individual
source is collimated, and all beams converge precisely to
a common focal point or isocenter at the center of the
spherical radiation unit. The diameter of the maximum
dose area is determined by a helmet with special collima-
tors focusing the incident beams. Interchangeable colli-
mator helmets provide varying beam diameters between
4 and 18 mm in order to meet the requirements of an
adequate coverage of target volume with an accuracy 
of 0.1 mm.

Clinical application
Preliminary data in several small series reveal low acute
toxicity and promising results in recurrent tumors as well
as in primary treatment. In a series of 22 children with
recurrent localized CNS tumors, including ependy-
moma, astrocytoma, and medulloblastoma, and who
received radiosurgery following prior conventional irra-
diation, 18 were free of progression at a median interval
of nine months.55 The feasibility of this approach was
subsequently investigated in 14 patients with recurrent
medulloblastoma and in seven patients with residual
medulloblastoma after conventional irradiation of neu-
raxis. All patients are alive without evidence of disease,
indicating that escalating the dose to the tumor might
improve local control if part of primary treatment in
conjunction with conventional radiation.56,57 In con-
trast, six of 11 patients who were treated for recurrent
disease have died of progressive tumor.56 The predomi-
nant site of failure was distant within the CNS, and no
child failed locally.

Grabb and colleagues investigated the role of radio-
surgery in a series of 25 children with astrocytomas,
ependymomas, and malignant gliomas.58 Eleven chil-
dren had received fractionated irradiation before stereo-
tactic radiosurgery. With a median follow-up of 21

months, 11 of the 13 children with benign glial neoplasms
had tumor control with stereotactic radiosurgery alone,
and all of them have remained alive. In the series of Ganz
and colleagues, eight tumors in seven patients were
treated with gamma-knife radiosurgery.59 A complete
remission on imaging could be obtained in one child,
four showed a reduction in size, and three were stable at a
mean follow-up of 21 months. No acute toxicity was
reported. These results could be confirmed in nine patients
treated by Somaza and colleauges.60 The dose was 15 Gy,
and the progression-free survival was 100 per cent at a
median follow-up of 19 months. When deciding on
radiosurgery, it should be considered that the tissue around
the tumor might bear microscopic disease due to infiltrat-
ing tumor. This area at risk receives an inadequate dosage,
and a relevant incidence of short-term recurrent disease
arising from undertreated tumor cells cannot be excluded.
Whether stereotactic radiation therapy with either of the
latter techniques will add substantially to disease control
and preserve neurologic function remains to be established
and should be part of future investigations.

Fractionated stereotactic convergence therapy
Fractionated stereotactic convergence radiotherapy is a
new modality that combines the accurate focal dose
delivery of stereotactic radiosurgery with the biological
advantages of conventional radiation therapy (Figure
10.8 and Plate 15). The modality requires sophisticated
treatment planning, a dedicated high-energy linear
accelerator, and a relocatable immobilization device
assuring precise treatment (Table 10.2). However, this
technique is limited to tumors of less than 5 cm in diam-
eter of spheroid configuration. Dunbar and colleagues
treated 33 children with different tumors comprising
craniopharyngiomas, meningiomas, pilocytic astrocy-
tomas, and retinoblastomas.61 In 25 per cent of patients,
a reduction of tumor volume of more than 50 per cent
could be obtained; the other 75 per cent of cases showed
stable disease. A multiple-fraction program of linear
accelerator radiosurgery using 6.3–7.5-Gy fractions on
alternate days, adding up to 37.8 or 45.5 Gy in two weeks,
was reported from the McGill group in 15 patients,
including several children, who were treated at recur-
rence or primary presentation of astrocytoma, cranio-
pharyngioma, or chordoma.60 Early results have been
excellent. Freeman and colleagues reported on ten
patients with previously untreated primary brain tumors
and who were managed with stereotactic hypofraction-
ated convergence radiotherapy.53 Five of them had grade
1 or grade 2 astrocytoma. The total dose ranged between
36.0 and 43 Gy at a median dose of 42 Gy, given in six or
seven fractions. Clinical and radiological improvement
was achieved in all patients, and an almost complete
remission was achieved in two patients at a follow-up of
between five and 47 months. In the subsequent series 
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of Benk and colleagues from the same institution, the
outcome in 14 children was evaluated.62 The median
total dose given to the 90 per cent isodose line around the
visible tumor was 39 Gy, with a range between 18 and
24 Gy given in 3–10-Gy fractions once every other day.
The mean biological effective dose was 57.6 Gy (given in
2-Gy fractions). The actuarial five-year overall survival
rate was 100 per cent and the progression-free survival
was 60 per cent at a median follow-up of 42 months. The
investigators concluded that hypofractionated stereotac-
tic radiotherapy is a valid option for non-resectable tumors
in children, and it is becoming standard treatment for
exploiting differences in the response to irradiation
between tumor and normal tissue. As in radiosurgery,
further investigations are warranted to assess the role of
this approach.

Frameless stereotactic radiosurgery
The frameless stereotactic technique comprises an image-
guided robotic system, including computer-assisted
treatment planning, real-time imaging, and delivery 
components, all integrated by a powerful computer sys-
tem. This system avoids the shortcomings of external
frame fixation, which often limits the application of arcs.
Moreover, fixation to the skull causes discomfort in chil-
dren and can be problematic if fractionated radiotherapy
is intended. In frameless stereotactic radiosurgery, two
X-ray imaging devices are positioned on either side of
the patient’s head and acquire real-time radiographs of
the skull at repeated intervals during treatment. These
images are compared automatically with the digitally
reconstructed radiographs obtained from the treatment
planning system. This process allows a precise compari-
son of treatment position and adjustment of the coordi-
nate system. In case of patient movement, changes in
field positioning are detected automatically, and the
beam arrangement is realigned with the target. However,
no clinical experience has been reported using this sys-
tem for childhood brain tumors.

Proton therapy

Proton therapy has been used for more than 40 years but
only in very few institutions worldwide. It is now being
used increasingly, and it has entered routine practice for
some tumor types. The major advantage of proton ther-
apy over conventional radiation techniques is the high
degree of dose conformity around the tumor that can be
achieved, since protons have no exit dose beyond the tar-
get. The incident monoenergetic beam of charged parti-
cles provides a dose distribution characterized by a precise
range and a dose built-up effect called the Bragg peak
near the end of the range. The range and distance of
the particles depend on the energy and the physical 
characteristics of the absorbing tissue. These two factors
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Figure 10.8a,b Hypofractionated convergent beam
radiotherapy in recurrent malignant glioma. (a) In a 17-year old
boy, a localized glioblastoma recurrent in the left frontal region
one year after conventional fractionated irradiation (total dose
60 Gy) is displayed on a gadolinium-enhanced T1-weighted
magnetic resonance image. Hypofractionated radiotherapy
(4 � 5 Gy, total dose 20 Gy) using a convergence technique was
applied using a relocatable base plate. (b) One year later, the
tumor was in continuous complete remission. However, disease
recurred in the spinal canal.



allow a modification of the length of travel path and the
distance of the maximum dose relative to surface. Proton
radiation dose is normally expressed as cobalt Gray equiv-
alent, which employs a relative biologic effectiveness 
factor of 1.1 for protons versus cobalt-60. Therefore, the
distal edge of the Bragg peak can be placed in any given
position in tissue by a specific range-modulation process.
The energy of the emerging particles from the accelera-
tor can be changed, or material can be inserted into the
path of the beam before entering the patient; the energy
of some of the particles will be absorbed by this material,
reducing their range in tissue. An additional modification
of the range is the spreading out of the Bragg peak. The
dose distribution can be lengthened by an addition of
different successive beams with Bragg peaks of pro-
gressively shorter ranges, thereby adding the peaks to a
plateau. Additionally, collimators and multiple intersect-
ing beams are able to create an individualized dose distri-
bution. Combining collimators and proton beams with
decreasing energy, the incident portal can be scanned
throughout the target volume to achieve a homogeneous
dose distribution from the proximal to the distal tumor
edges.

This physical dose distribution has been used to treat
adult patients with chordomas of the base of the skull.
These tumors are generally difficult to irradiate because
of their close proximity to the brainstem. In a report
from the Massachusetts General Hospital, actuarial local
control rates for 115 adult patients with base-of-
skull chordomas treated between 1978 and 1993 with
doses around 70 cobalt Gray equivalent (CGE; calcula-
tion to a biologically equivalent dose factor using cobalt-
60) were 59 per cent at five years and 44 per cent at ten
years.63

Treatment of base-of-skull and cervical spine chordo-
mas in children has also been shown to be safe and effec-
tive.64 Eighteen children aged between four and 18 years
were treated at the Massachusetts General Hospital and
Harvard Medical School with a mixed-photon/160-MeV
proton (80 per cent proton contribution) 69 CGE. With
a median follow-up of 72 months, the five-year actuarial
survival was 68 per cent and disease-free survival was 
63 per cent. Long-term effects were acceptable. Two chil-
dren developed growth hormone deficiency, three chil-
dren developed impaired hearing, and one required
surgical excision of an area of temporal necrosis that had
resulted in epilepsy.

Additionally charged particle beams have minimal
lateral scatter, producing markedly more sharp edges
compared with photon beams. An advantage of proton
therapy over photon therapy in irradiation of the spinal
canal has been suggested by Miralbell and colleagues.65

Dosimetric studies revealed that the proportions of the
vertebral body volume receiving more than 50 per cent of

the prescribed dose were 100 per cent in 6-MV photons
and only 20 per cent in protons. For 6-MV photons,
more than 60 per cent of the dose prescribed to the target
was delivered to 44 per cent of the heart volume, while
proton beams were able to completely avoid the heart.
When comparing the dose distribution with electrons,
however, no definitive advantage can be seen.

McAllister and colleagues suggested that proton therapy
can significantly reduce treatment-related morbidity.66

The cohort of 28 children, however, was very hetero-
geneous, and although treatment-related morbidity was
found to be low, the results were not convincing. Miralbell
and colleagues performed dosimetric studies in whole-
brain irradiation for protons and photons.67 In their
analysis, proton beams succeeded better in reducing the
dose to the brain hemispheres. In a model to predict nor-
mal tissue complication probabilities for IQ deficits, pro-
ton therapy revealed only a slight advantage over photon
beams (2.5 per cent as calculated to the normal healthy
population IQ values). Children between the ages of four
and eight years benefited most from the dose reduction,
suggesting that modulated proton beams may help to
reduce the irradiation of normal brain while optimally
treating all meningeal sites.

Brachytherapy

Interstitial brachytherapy, although a new method in
the management of childhood brain tumors, has 
gained importance, particularly for low-grade glioma.
Brachytherapy represents a different treatment modality
for a selected patient population. It is suited for children
with unifocal, circumscribed tumors, with a diameter of
less than 4 cm, in any location. As in external stereotactic
radiotherapy, the main advantage of brachytherapy is 
the ability to give a high dose to a well-circumscribed
tumor volume with minimal dose to neighboring normal
tissue.

The ionizing irradiation is most commonly produced
by iodine-125 seeds. Image-guided stereotactic implan-
tation of the seeds and a three-dimensional calculation
of isodose distribution is a prerequisite to obtaining a
precise and reproducible treatment. Normal brain tissue
and tumor display characteristic morphological changes
when exposed to irradiation with respect to the typical
dose distributions. Due to the high local dose, a circum-
scribed area of radionecrosis is a constant feature that
spreads from the center of the implant to the periphery
within weeks. Beyond the necrotic area, normal tissue
potentially infiltrated by tumor cells receives a non-
necrotizing dose. It is hypothesized that programmed
cell arrest or death is induced. The volume of the area of
necrosis and response to irradiation depends on the total
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dose, the dose rate, and the energy of the radioactive
source. Treatment outcome is therefore a combination of
tumor cell death, including necrotic changes and stable
tumor or shrinkage in the periphery. The radioactive
source may disturb the capillary physiology of the nor-
mal surrounding tissue, leading to acute and late effects.
A temporary increase in capillary permeability may
occur possibly causing extensive oedema accompanied
by a reduced regional cerebral blood flow.68 Increased
intracranial pressure may occur, and steroid medication
may be necessary to control symptoms.

The largest series of interstitial radiosurgery in child-
hood and adult low-grade glioma was published by Kreth
and colleagues.69 A total of 455 patients with low-grade
glioma were treated using I-125 either as permanent or
temporary implants. The seeds had a low activity, emit-
ting X-rays at an energy of 27–35 keV. A reference dose of
60–100 Gy calculated at the outer rim of the tumor was
applied. The specific dose rate factor was 1.32 Gy/hour/mCi
at 1 cm. Permanent implants were performed in 261
(57.4 per cent) patients; temporary implants were per-
formed in 194 patients (42.6 per cent).A complete to major
response was obtained in 135 of 455 patients, while a
partial to minor response was observed in 96 patients,
1.5 years after initial radiosurgery. The five- and ten-year
survival rates in 97 patients with pilocytic astrocytoma
were 85 and 83 per cent, respectively; in patients with
WHO grade II astrocytomas (250 patients), the rates
were 61 and 51 per cent, respectively. Of 455 patients, 124
were children and adolescents, 54 had a WHO grade II
glioma, and 70 had a pilocytic astrocytoma. A five-year
survival of 84 per cent was obtained in astrocytoma
WHO II, while that for pilocytic astrocytoma was 
90 per cent.

Scerrati and colleagues also used either 192-Ir or 125-I
sources as permanent or temporary implant.70 A mean
peripheral dose of 89.7 Gy for permanent implants and
42.8 Gy for the temporary implants was administered in
36 patients (two pilocytic astrocytoma, 23 astrocytoma,
11 oligodendroglioma). The survival estimates were 83
per cent at five years and 39 per cent at ten years.

In the absence of properly controlled clinical trials, it is
impossible to define the best treatment concept for every
patient. Whether large but circumscribed tumors should
be treated preferably with surgery, conventional radio-
therapy, or stereotactic radiotherapy remains unclear. There
is a necessity for a more detailed analysis of retrospective
data for better evaluation of currently available treatment
modalities, especially in the absence of prospective ran-
domized studies. No studies have concentrated on sur-
vival time after therapy in relation to quality of life,
complications, and invasiveness of therapy. In high-grade
glioma, the results are dismal. In one series, all patients
died between five and 36 months after implantation.71

Quality assurance

Recent advances in radiation therapy have opened up new
possibilities for integration of radiotherapy in the thera-
peutic plan for tumors of the CNS, but the superior per-
formance of modern equipment cannot be exploited fully
unless a high degree of accuracy and reliability in dose
delivery is achieved. This in turn leads to strong demands
on quality assurance and quality control for all of the steps
between treatment planning and end of treatment delivery.
Quality assurance in radiotherapy of tumors of the CNS is
required to guarantee an optimal and adequate treatment
by means of quality-control procedures and is becoming
an integral component of prospective controlled trials.72,73

DEFINITION

Quality assurance in radiotherapy has been defined by
the WHO and comprises all those procedures that ensure
consistency of the medical prescription and the safe ful-
fillment of that prescription as regards dose to the target
volume, dose to normal tissue, minimal exposure of
personnel, and adequate patient monitoring aimed at
determining the end result of treatment. Quality control
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Limited volume radiotherapy

Modern treatment techniques using rigid head
fixations and three-dimensional treatment-planning
open up the possibility to improve local tumor
control in limited volume irradiation. It is a fast
developing area in radiation therapy and comprises
high local doses (“radiosurgery” and brachytherapy)
and fractionated dose prescriptions, including
various techniques:

• Radiosurgery: high local single dose (linear
accelerator-based systems/ “gamma knife”).

• Fractionated convergence therapy: linear,
accelerator-based systems using a relocatable
frame for head-fixation.

• Fractionated conformal radiotherapy: multiple,
static, non-coplanar fields using a rigid,
relocatable, head-fixation.

• Proton therapy: fractionated radiotherapy with a
high degree of dose conformity to target (few
institutions worldwide).

• Brachytherapy: stereotactically implanted
radioactive sources (iodine-125 seeds).

Fractionated conformal radiotherapy in conjunction
with modern dose calculations such as IMRT will
further improve local tumor control and reduce the
risk of side effects.
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comprises the regulatory process through which the actual
quality performance is measured, compared with exist-
ing standards and finally the actions necessary to keep or
regain conformance with the standards. In general, radi-
ation therapy of CNS tumors includes additional specific
safeguards.

RECOMMENDATIONS FOR QUALITY ASSURANCE AND
QUALITY CONTROL

Quality assurance and quality control programs should
be based on both radiation physics and clinical assess-
ment. There are already some recommendations on 
general quality standards for radiotherapy, including the
irradiation of CNS tumors.74 It is necessary that these
recommendations should be considered for future coop-
erative trials. In addition, quality control procedures
should meet the appropriate standards agreed and adopted
by all centers treating children with brain tumors.

ACCURACY OF TREATMENT

The process of treatment planning and delivery can be
subdivided into many steps that are closely interrelated.
The application of a specific treatment technique com-
prises specially designed treatment-planning systems,
designing individualized treatment portals and field
alignments in the majority of patients. The definition of
target volumes (GTV, CTV, PTV) should be done accord-
ing to the ICRU 50/62 rules. Dose prescription/specifica-
tion should be according to the ICRU 50/62 rules.19

Immobilization devices
The reproducibility and geometric precision of field align-
ment depend strongly on the immobilization obtained
by individual facemasks or other fixation systems.

The geometric precision that can be achieved for dif-
ferent treatment techniques and immobilization devices
is summarized in Table 10.2 and must be considered
when selecting the adequate treatment technique and

when deciding on the safety margins for the definition of
the planning target volume.

Transfer of treatment plan
The transfer of a treatment plan requires an adequate
technique to avoid localization errors that might poten-
tially lead to a systematic miss of the target volume, which
in turn might cause an underdosage of the tumor and an
overdosage to normal tissue (Figure 10.9).

Treatment delivery
The accuracy of field alignment during treatment deliv-
ery is determined by the immobilization device, treat-
ment technique, mechanical inaccuracies of treatment
machine and couch, movement of the patient, and the
technician positioning the portals before delivery of
treatment. It is reflected by random, statistical fluctua-
tions of treatment portals within a limited range.

Quality control procedures
For all steps between treatment planning and delivery, it
is necessary to use control procedures to ensure a reliable
treatment regarding the geometric precision and dosime-
try. It is necessary to record the corresponding data.

The factors shown in Figure 10.10 have an impact on
geometric precision and are interrelated closely.

Immobilization devices

Immobilization devices include:

• stereotactic frame for radiosurgery;

• relocatable bite-block systems attached to a
stereotactic frame;

• rigid facemask (cast material) for three-
dimensional fractionated conformal radiation
therapy;

• thermoplastic facemask for whole-brain
irradiation;

• cast material and vacuum pillows for craniospinal
irradiation.

Lateral whole-brain fields

Two-dimensional CT-assisted
treatment plan

Three-dimensional conformal
radiation therapy

During simulation,
three-dimensional coordinates
in virtual simulation

During simulation/transfer of
stereotactic coordinates

Transfer of stereotactic
coordinates to the patient
using a stereotactic frame

Radiosurgery

Figure 10.9 Transfer of treatment plan. The process to transfer
the intended plan to the patient is chosen according to the
treatment technique applied.

Methods for reproducing geometric precision

Methods for reproducing geometric precision
include:

• verification films;

• repeated CT examinations;

• newer techniques;

• repeated simulations;

• online (portal) imaging.
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REPRODUCIBILITY OF TREATMENT/RECORDING OF DATA

Parameters specific for each patient as well as data regard-
ing radiation therapy should be recorded to achieve a
reproducible treatment. With these data, it must be pos-
sible to reconstruct the whole process of treatment plan-
ning and delivery by an external institution.

The increasing complexity of irradiation techniques
in the treatment of CNS malignancies mandates the use
of formalized systems and comprehensive quality assur-
ance programs that cover the complete radiotherapy
process. As all steps in the process of treatment planning
and delivery are interlinked closely, possible errors intro-
duced at one step impact on the quality of the radiother-
apy and on the outcome in terms of tumor control and
possible side effects.

THE FUTURE

In the past five to ten years, there have been important
developments in the planning and delivery of radiother-
apy. These have come about as a consequence of the
rapid development of computing technology. However,
it is important that advances in radiotherapy planning
should be accompanied by concurrent improvements in
treatment accuracy and immobilization. New therapeu-
tic modalities such as IMRT are likely to further improve
the conformity of the treated volume to the clinical tar-
get volume, which should hopefully lead to reduced nor-
mal tissue morbidity. It is important that the benefits
from the introduction of these technologies should be
assessed critically. Proton therapy has potential advan-
tages, but the relative lack of access in most countries will
remain a challenge. There has been a trend towards the
automatic delay or attempted avoidance of radiotherapy
for children with CNS tumors, often leading to a poor
outcome. It is likely that in the twenty-first century we
will see a reappraisal of the role of radiotherapy in the
management of children with brain tumors, with
rational use of this important modality, with the aim of
achieving the maximum therapeutic ratio.
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INTRODUCTION

Injury to the immature brain alters neurocognitive out-
come by affecting the level of intellectual, academic, neu-
ropsychological, and psychosocial function. Brain injury
affects the entire trajectory of development. Some skills are
lost, and the rate of new development is altered. Under-
standing the outcome of children who have been treated
for a brain tumor involves four questions: (i) What are the
important outcome domains? (ii) What are the factors that
shape or predict outcome? (iii) When should outcome be
evaluated within the trajectory of development? (iv) Can
pharmacologic or behavioral interventions ameliorate the
long-term cognitive effects of brain tumors and their
treatment?

In this chapter, we will use these questions to focus a
review of neurocognitive outcome after childhood brain
tumors, and we will explore their implications for pre-
dicting outcome. We will consider how biological, develop-
mental, and reserve factors influence outcome in cognitive,
academic, neuropsychological, and psychosocial domains,
and how these relations are expressed at different time
points after diagnosis (Figure 11.1).

OUTCOME DOMAINS

Outcome after childhood brain tumors involves multiple
domains of function. Physical outcome refers to whether
the child’s height, weight, fatigue tolerance, endurance, and
motor performance are normal for age. Cognitive-academic
outcome is usually measured by a standard intelligence

test and by assessment of academic skill attainments.
Neuropsychological outcome refers to capacities such as
psychomotor speed, attention, and memory, as well as 
to functions such as language and visual perception.
Psychosocial outcome refers to an individual’s ability to
function in the social world of family, school, and com-
munity. Quality-of-life outcome, incorporating all these
factors, focuses on the individual’s life satisfaction. Meas-
ures of quality of life may involve global indices1 and
measures relevant specifically to pediatric cancer.2,3

Intelligence

Intelligence, the most frequent outcome measure in the
pediatric oncology literature, has been related to age at
treatment4–7 and time since treatment.4,6 It has also been
related to treatment with cranial radiation5,7–10 and/or
chemotherapy.11

In the study of IQ in children with brain tumors, two
measurement issues are important. First, changes in the
form of the IQ test to accommodate a child’s increasing
age affect the analyses of data in longitudinal outcome
studies.12 Second, short-form IQ tests are sometimes
used to estimate IQ;13,14 while their suitability in normal
populations has been established,15 it is unclear how well
short-form IQ tests estimate cognitive ability in children
with brain tumors.

Academic and vocational outcomes

Children treated for brain tumors often have less than
favorable academic and vocational outcomes. Two-thirds
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of children with diverse types of brain tumor require
special education for learning disability.16 Reading and
spelling achievement in medulloblastoma survivors is
lower than that of their siblings.17

Vocational outcome after childhood brain tumors is
often limited. Only one-quarter of adult survivors of child-
hood brain tumors radiated before the age of four years
have post-secondary education, and one-third have never
been employed.18

Neuropsychological outcome

MEMORY AND ATTENTION

Memory and attention deficits are often described as part
of the cognitive morbidity of childhood brain tumors.19

Children with diverse tumor types show problems in
memory20,21 and attention.22 Impairment in several forms
of memory and attention has been described in children
with treated brain tumors:

• Explicit memory, which requires the conscious
retrospective recall of previously stored
information.5,20,23

• Implicit memory, in which past experiences and
exposures to events influence present memory
without awareness or voluntary control.19

• Working memory, in which information is
maintained online while new, incoming information
is processed.19

Memory and attention deficits are functionally signifi-
cant. Explicit memory is important for the short- and
long-term recall of information and for the new learning
required for successful academic and vocational function.
Implicit memory is a mechanism for learning without
conscious attention. Working memory is important for the
successful performance of many cognitive and academic
tasks, including reading comprehension and mathemat-
ics. Deficits in the memory and attention domain limit the
ability to learn new information and prevent the effective
utilization and activation of previous learning. Attention
and memory deficits limit the amount of available know-
ledge; a limited information base, in turn, makes it more
difficult to accrue new knowledge, and thus the rate of
new learning is impaired further.

SPEECH AND LANGUAGE

Brain tumors in children may produce speech and lan-
guage disturbances24 that can range from difficulties with
speech production, articulation, and phonation, to prob-
lems with word-finding and difficulty in understanding
language at the level of text and discourse. These deficits
may involve oral language, written language, or both.
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Language deficits disrupt not only academic function 
in language-based skills such as reading, writing, and
spelling, but also social communication involving the
pragmatic understanding of literal, inferential, and non-
literal language.

PREDICTORS OF OUTCOME

At least three factors predict neurocognitive outcome after
childhood brain tumors. One set of factors is biological,
which concern the tumor type and location, the physio-
logical effects of adjuvant treatment such as chemotherapy
and cranial radiation, and the short- and long-term neuro-
logical sequelae associated with tumor location or treat-
ment. A second set of factors is developmental, which
concern the chronological age and developmental stage
of the child, referenced both to the age at diagnosis and
treatment and to the age at outcome evaluation. A third set
of factors involves reserve, including prediagnosis cogni-
tive and psychosocial resources, as well as post-diagnosis
resources in the child, family, school, and community.

Because children with brain tumors are not a homo-
geneous group, variability in outcome is not random and
can be related to aspects of biology, development, and
reserve. Outcome is often determined multiply. For exam-
ple, a biologically aggressive tumor treated with radiation
(biological factor) in a very young child (developmental
factor) will certainly have a notably adverse outcome in
multiple domains.

Biological factors

Biological factors include tumor localization and lateral-
ization (Table 11.1), tumor treatment, and neurological
sequelae such as hydrocephalus and epilepsy.

TUMOR LOCALIZATION AND LATERALIZATION

Cortical versus subcortical tumors
In the absence of adjuvant treatments, which add to the
cognitive morbidities of childhood brain tumors, corti-
cal tumors are generally associated with lower IQs 
compared with subcortical and posterior fossa tumors.7,8

Language deficits vary by tumor localization and lateral-
ization. For tumors above the tentorium, the relations
between language symptoms and side and site of tumor
are sometimes similar to those reported for adults. Right-
handed children with tumors localized in the left hemi-
sphere show two different types of aphasia: those with
lesions in the pre- or peri-rolandic areas exhibit a non-
fluent type of aphasia, while those with temporal-parietal
tumors have a fluent type of aphasia.25

White-matter tumors
Tumor localization in the white matter (whether the 
primary lesion site or a secondary result of radiation or
chemotherapy therapy) disturbs complex information
transmission between different brain regions, with func-
tional deficits in response consistency and processing
speed. Damage to the white matter is associated with
impairments of non-verbal intelligence, fluency, and
executive function.26

Frontal lobe tumors
Frontal lobe tumors produce patterns of deficits 
related to intra-regional localization.25 Childhood tumors
involving Broca’s area cause a syndrome characterized 
by phonetic-articulatory deficits and agrammatism,
whereas tumors of the prefrontal areas produce deficits,
including executive dysfunction, and problems in motor
programming. These impairments are also associated
with changes in personality and self-awareness.

Posterior cortical tumors
Evidence for a relation between tumor lateralization 
and related neuropsychological functions is scant for
posterior cortical tumors. In one study, a girl with a left
occipital tumor showed difficulty recognizing details of
figures; in another, children with right posterior tumors
showed difficulties recognizing the global pattern of
visual stimuli.27

Temporal lobe tumors
Children with temporal lobe tumors demonstrate mem-
ory deficits.28 The modality of the memory disorder is
not always related to the lateralization of the tumor,29,30

as it tends to be in adults. A broader pattern of neuro-
psychological dysfunction may be seen in children with
temporal lobe tumors, a pattern associated with inade-
quate seizure control, postoperative complications, tumor
recurrence, and younger age at diagnosis.30
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Table 11.1 Anatomical factors predicting outcome

Site and interactions Key impairment

Cortical v. subcortical Greater IQ loss with cortical 
damage damage

White matter damage Cognitive, processing speed and
other deficits

Frontal lobes Motor speech, articulation, and
executive dysfunction

Posterior cortical
Lateralization Limited information available
Temporal lobe Memory
Midline tumors Memory and behavior
Infratentorial tumors Memory, attention, cognition,

language, timing and behavior



Midline tumors
Children with tumors in the sellar or suprasellar regions,
or in the chiasmatic or hypothalamic regions, often show
significant neurocognitive problems at diagnosis31 and
postoperatively. Memory impairment is common, even
in the absence of generalized intellectual impairment.32

Half of a group of children treated surgically for cranio-
pharyngioma had memory impairment.23 Changes in
social-emotional behavior can be quite prominent,33 and
may include perseveration and aggressive behavior.34,35

The reported behavioral changes may reflect altered
reciprocal connections between the frontal lobes and the
limbic system and hypothalamus.36,37

Infratentorial tumors
Neurobehavioral outcome after cerebellar tumors varies
with lateralization. Children with left cerebellar hemisphere
tumors have been reported to show impairment in non-
verbal functions, while children with tumors in the right
cerebellar hemisphere show a decline in verbal skills.38,39 In
contrast, a recent study of 100 children treated surgically for
cerebellar astrocytomas reported no differences in intellec-
tual, academic, and adaptive outcome as a function of
tumor location or lateralization within the cerebellum.40

Memory and attention deficits are common after
tumors of the posterior fossa. Significant deficits in auditory
verbal memory were evident in half of a sample of children
treated with radiotherapy for posterior fossa or third ventri-
cle tumors.5 Children with posterior fossa tumors have
attention deficits,41 which may arise because of the proxim-
ity of the cerebellum to the brainstem ascending activating
system, which, together with thalamic and cortical mecha-
nisms, modulates arousal, alertness, and attention.36

Posterior fossa tumors are associated with language
deficits,24 including impairments in oral expression and
auditory comprehension.42,43

Recent evidence has implicated the cerebellum, in par-
ticular the lateral cerebellum, in the perception of dura-
tions in the hundreds of milliseconds range, and in the
cognitive timing of motor output,44–48 which also includes
speech. Survivors of childhood posterior fossa tumors have
difficulties with timing; specifically, they show deficits in
short-duration (about 400 ms) perception, regardless of
the pathology or treatment of the tumor.49

Intellectual, neuropsychological, and academic difficul-
ties have been identified in children with posterior fossa
tumors, in both the short and the long term.50,51 Academic
failure occurs frequently in survivors of posterior fossa
tumors, and the rate is higher in survivors of medulloblas-
toma than in survivors of cerebellar astrocytomas.52,53

TUMOR TREATMENT (Table 11.2)

Surgery
Factors related to surgical intervention apply to all 
types of operable tumors, benign and malignant. New

microsurgical techniques facilitate the selective removal of
tumor tissue, as do computer-guided techniques (neuro-
navigation).54 Longitudinal studies of patients undergoing
initial surgery show that cognitive and neuropsychological
performances remain stable and may even improve slightly
after surgery, before further interventions.8

Particular surgical approaches may be associated with
selective neuropsychological deficits. Approaches involv-
ing the prolonged retraction of the frontal lobes to reach
tumors of the optic chiasm, hypothalamus, or third ven-
tricle may cause complex behavioral and mental deficits
consistent with damage to the orbital frontal area. Partial
sectioning of the corpus callosum to remove tumors of
the third ventricle causes minor disconnection syndro-
mes,55 in keeping with the reported functional effects of
callosal agenesis.56

Radiotherapy
External conventional radiotherapy is known to be 
associated with severe neuropsychological and intellec-
tual deterioration. The mechanism is thought to involve
a progressive vascular and demyelinating neuropathol-
ogy, beginning after the end of treatment, reaching a
peak over the next few years, and then maintaining a 
persisting but less steep decline.57 Disordered hippocam-
pal neurogenesis may also be involved58. The concomi-
tant cognitive impairment is related inversely to age of
treatment5,59 and related directly to the dose and field 
of cerebral radiation.60,61 Attempts to adjust radiation dose
on the basis of age or tumor recurrence risk have not
fully eliminated the cognitive deficits;57,62 hyperfraction-
ation of the radiation dose reduces but does not eliminate
them.25

New radiotherapeutic techniques hold promise for
improved long-term neurocognitive outcome. Stereotactic
radiotherapy techniques can now deliver a precise dose of
radiation to a predetermined target volume. Brachytherapy
involves stereotactic implantation of a radioactive seed-
containing isotope designed to deliver a radiation dose to a
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Table 11.2 Treatment-related injury

Treatment Nature of injury

Surgery Removal, section, or traction of nerve tissue
Radiation Damage to vascular endothelium,

demyelination. Effects are progressive,
dose-related, and related to fields of 
treatment

Chemotherapy
IV Limited evidence of functional toxicity
RT � IV Cerebral calcification, vascular damage,

demyelination, multifocal white matter
RT � IT � IV Further enhanced neurotoxicity

IT, intrathecal; IV, intravenous; RT, radiotherapy.



very localized field around the tumor bed.63 Some prelim-
inary evidence exists about the effects of these new,
focused techniques on neurocognitive outcome. Children
treated with stereotactic radiotherapy or brachytherapy
for low-grade glioma have shown no deterioration in
intelligence, attention, memory, language, or visuospa-
tial functions over a five-year follow-up period; deficits 
are limited to those present before treatment and 
are related to tumor site.25 Further study of the long-
term outcome of these treatments is required, especially 
as they have not been in widespread use until very
recently.

Chemotherapy
The role of intravenous chemotherapy in intellectual loss
and neurocognitive impairment in children treated for
brain tumors is still a matter of active investigation, in part
because few children can be treated with chemotherapy
without concomitant cranial radiation. Because of the
known neurotoxicity associated with cranial radiation in
young children, efforts have been made to delay the use
of cranial radiation in infants with brain tumors, at least
until their third birthday. A positive developmental out-
come has been reported in very young children treated
with chemotherapy only;64,65 here, cognitive declines over
time were minimal on a range of cognitive, academic, and
neuropsychological outcomes, and scores tended to remain
within normal limits.

The use of intrathecal chemotherapy, particularly
methotrexate, can be associated with significant cognitive
morbidity,66 and the risk is greater when intrathecal
methotrexate is used in association with radiotherapy.67

Studies in children treated for medulloblastoma are rare
but support the finding that using radiotherapy in asso-
ciation with intrathecal methotrexate may have partic-
ularly severe effects on cognitive development.68 Recent
studies have suggested that in very young children treated
for leukemia, intrathecal methotrexate might affect the
structure and function of the neocerebellar-frontal 
subsystem.69

Some studies have compared treatments across different
types of cancer diagnoses. In a comparison of children
with a variety of diagnoses and who received intrathecal
methotrexate plus radiotherapy, or intrathecal methotrex-
ate only, or intravenous methotrexate only, significant
neuropsychological deficits were documented in the group
who received radiotherapy, most of whom also had
intrathecal methotrexate.70 A recent study of children
with medulloblastoma compared treatment with intra-
ventricular methotrexate plus radiotherapy versus intra-
ventricular methotrexate alone, radiotherapy alone, and
neither treatment. Neurocognitive deficits were associated
with either form of treatment used alone, but the most
impaired children were those who received the combined
treatments.71

STRUCTURAL BRAIN DAMAGE

Both radiotherapy and intravenous chemotherapy induce
vascular changes, cerebral calcifications, and demyelina-
tion.72 The white matter areas involved most frequently
are the centrum semiovale and periventricular areas, in
which abnormalities tend to be multifocal and symmet-
rical.73 More rarely, morphological changes are visible 
in cortical regions. At least in the treatment of leukemia,
radiotherapy and intravenous chemotherapy seem to have
synergistic effects when used in combination.74 The most
extreme form of central nervous system (CNS) neuro-
toxicity is radiation necrosis.75 Progressive necrotizing
leukoencephalopathy can occur when radiation and
chemotherapy are used in combination. These forms of
brain injury occur late and may be associated with pro-
gressive neurological deterioration, including focal signs,
dementia, ataxia, spasticity, seizures, coma, and even
death.

Some time-related cognitive deficits in children with
brain tumors are related to progressive structural brain
damage that is of a less extreme nature than radiation
necrosis. Brain scans of children treated with cranial
radiation for primary brain or skull-based tumors show
generalized brain atrophy, calcifications in brain matter
distant from the site of the primary tumor, and white
matter abnormalities.76 Abnormalities are more frequent
in children under the age of three years at treatment. Serial
neuroimaging has demonstrated an increasing number
and size of lacunae within the white matter in a propor-
tion of children whose brain tumors were treated with
radiation, and children treated before five years of age
were at higher risk for this neuropathology.77 Although
the IQs of the radiated patients as a group declined over
time, there was no significant difference between the rate
of IQ decline in the groups with and without lacunae on
neuroimaging.

Progressive white matter damage has also been docu-
mented after cranial radiation for medulloblastoma.14,78,79

The volume of normal-appearing white matter declines
over time in children treated with craniospinal radiation
for medulloblastoma. The rate of loss of normal-appearing
white matter does not differ in younger versus older chil-
dren, but the rate of loss is faster in children receiving a
higher dose of craniospinal radiation.14,78 Neurocognitive
outcome after radiation treatment for a range of childhood
cancers is related to white matter integrity.80

NEUROLOGICAL SEQUELAE

A full understanding of the neurocognitive outcome of the
child treated for a brain tumor requires consideration of
both the unique and the common neurological complica-
tions of treatment. In addition to the changes in motor and
cognitive skills that may be related directly to tumor loca-
tion and surgery, treatment with cranial radiation and/or
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chemotherapy may produce medical and neurocognitive
late effects,81 even extending into adult life.82

Somnolence
The somnolence syndrome, occurring in up to 60 per cent
of children radiated for childhood brain tumors, involves
symptoms of lethargy, anorexia, apathy, and headache,
which may occur six to eight weeks after radiation and
may last for 4–14 days.57 The symptoms are transient and
respond to increasing doses of prednisone or the use of
daily steroids.

Hydrocephalus
Hydrocephalus is a significant complication of infraten-
torial brain tumors.83 Up to one-third of children with
posterior fossa tumors require shunts.83 Hydrocephalus
at the time of tumor treatment does not appear to affect
outcome, in that there is no relation between IQ and either
postoperative ventricular dilation52 or non-emergent shunt
placement.84 The evidence for a relation between shunt
history and outcome is mixed. One study reported that
non-shunted tumor patients had higher IQ scores;85

another reported that motor function, intelligence, and
academic achievement were higher in shunted medul-
loblastoma survivors;53 a third study reported that IQ was
unaffected by treated hydrocephalus.8 In studying the
effect of hydrocephalus on outcome, age at tumor treat-
ment should be considered: hydrocephalus appears to be
more prevalent in children with an earlier age at tumor
diagnosis; these also comprise the group with elevated rates
of neurological and neuropsychological difficulties.86

Seizures
Seizures are a complication for as many as 25 per cent of
children treated for brain tumors.82 Mechanisms of epilep-
togenesis in brain tumors87 are not understood fully, but
they may involve either enhanced excitatory or attenu-
ated inhibitory influences. Brain tumors may cause 
“denervation hypersensitivity.” Concentrations of gluta-
mate, an excitatory neurotransmitter associated with
epilepsy, are known to be increased in gliomas.

Seizures associated with brain tumors88 are more likely
to be partial (simple or complex), but there is a recog-
nized association with absence and generalized tonic clonic
seizure types. Resection of the epileptogenic zone may be
an appropriate initial treatment. Delays in cerebral tumor
diagnosis in children presenting with intractable epilepsy –
particularly in children who have non-focal neurologi-
cal examinations – can be avoided by early investigation
with magnetic resonance imaging (MRI).

Syndromes
Two syndromes (cerebellar mutism with subsequent
dysarthria, cerebellar cognitive-affective syndrome) asso-
ciated with childhood brain tumors have been studied in
some detail, with respect to both clinical features and

clinicopathological correlation. Both syndromes occur
after posterior fossa tumors.
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Cerebellar mutism with subsequent dysarthria

• A form of acquired aphasia, mutism with
subsequent dysarthria (MSD), has been identified
in children with posterior fossa tumors, who
acutely or progressively lose previously acquired
language skills.89–94

• Nearly all MSD patients are under ten years of
age. The condition has been described in children
as young as two years.94

• The syndrome is characterized by a complete but
transient loss of speech resolving into a dysarthria
that shares some of the features of adult dysarthria:
imprecise consonants, articulatory breakdowns,
prolonged phonemes, prolonged intervals, slow
rate of speech, lack of volume control, harsh voice,
pitch breaks, variable pitch, and explosive onset.43,95

Improvement of the dysarthria to normal speech
seems to be related to the recovery of complex
movements of the mouth and tongue.94

• Mutism has been associated with posterior fossa
tumors located in the midline or vermis of the
cerebellum, and with tumors that invade both
cerebellar hemispheres or the deep nuclei of the
cerebellum.92,93 However, incision of the vermis
does not always produce MSD,91 and some patients
with MSD have had surgery that avoided the
vermis.96

• Brainstem involvement is common in cases of
MSD.91 It has been proposed that isolated lesions
in cerebellar structures are not sufficient to
produce MSD, and that an additional ventricular
location of the tumor and adherence to the dorsal
brainstem are necessary, an idea supported by the
frequent occurrence of pyramidal and 
eye-movement signs in children with MSD.94

Localization of the brainstem dysfunction in MSD
appears to be rostral to the medulla oblongata
and caudal to the mesencephalon.94 It has 
been proposed that the mutism of MSD is 
related to bilateral involvement of the dentate
nuclei, and also that the subsequent dysarthric
speech represents a recovering cerebellar
mechanism.97

• Risk factors for MSD include midline location of
the tumor combined with postoperative
complications that involve destruction of the
midline roof structures and penetration of the
peduncles and/or lateral wall or ventricular floor
parenchyma.92 Other risk factors include



Developmental factors

AGE AT DIAGNOSIS AND TREATMENT

An earlier age at diagnosis and treatment entails a greater
risk than an older age for later neurocognitive impairment,
especially for children with brain tumors that require
adjuvant treatment.6,105,106 Intellectual impairment is more
frequent and more severe in younger radiated children
compared with older radiated children.5,17,107–110

The effects of lesions to the developing brain are often
studied through the analysis of age at diagnosis and treat-
ment effects. Age at diagnosis and treatment is a marker,
albeit imperfect, for both brain development (e.g. synap-
tic, myelogenic, neurogenic) and cognitive development
(skills already mastered, skills yet to be mastered). While
biological and cognitive aspects of development occur
concurrently, their separate impact on outcome in children
treated for brain tumors can be studied.

BRAIN DEVELOPMENT

In humans, fundamental cycles of brain development
occur prenatally, although aspects of CNS development
that are important for organizing and processing sensory
input and for higher-level cognition continue through
childhood and into adult life. For example, synaptic devel-
opment, including synaptogenesis and pruning, occurs
largely in the postnatal period.111 As with many aspects
of nervous system development, synaptogenesis begins in
the sensory regions of the brain and progresses to the
association areas or higher cortical regions. Myelogenesis,
the coating of axons in a lipid and protein sheath, also
occurs in a specific sequence or cycle over the course of
pre- and postnatal development.112 Glial cells, which con-
tinue to proliferate throughout the lifespan, produce
myelin in a pattern of progressive encephalization, start-
ing in the spinal cord prenatally and ending in the higher
cortical association areas in mid-life.111

The protracted development of the brain has several
implications for the outcome of childhood brain tumors.
Because actively dividing cells are targeted by adjuvant
treatments such as cranial radiation therapy, the most
actively dividing cells at time of treatment are at greatest
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hydrocephalus at the time of tumor presentation,
ventricular localization of the tumor, and
postsurgical edema of the pontine tegmentum.94

• Long-term recovery of the dysarthria is
incomplete. Very long-term survivors of
childhood cerebellar tumors continue to show
ataxic dysarthric features in their spontaneous
speech.98 Furthermore, tumor survivors with a
history of MSD show more ataxic dysarthria than
those without MSD at the time of tumor
treatment.99

Cerebellar cognitive-affective syndrome

• In recent years, our understanding of the role of
the cerebellum has been broadened from one of
motor control to one of an essential node in the
neural circuitry controlling higher-order
cognitive processes.100

• In adults, cerebellar lesions produce cognitive and
behavioral changes, termed the “cerebellar
cognitive-affective syndrome,” including executive
dysfunction in planning, mental flexibility,
and working memory, as well as personality
changes, including affective blunting and
disinhibition.100

• Aspects of the cerebellar cognitive-affective
syndrome have been reported in children.51,101,102

Childhood tumors of the cerebellar vermis are
associated with affective dysregulation and
complex alterations in social and communicative
behavior involving autistic-like
symptomatology.38 Of interest, deficits in the
regulation of affect are sometimes evident in
children with cerebellar tumors treated with
surgery but neither radiotherapy nor
chemotherapy.101

• Cognitive-affective changes are more evident after
lesions of the posterior lobe and vermis than after
anterior lobe lesions; their putative neural
substrate is a disruption of the cerebellar
modulation of prefrontal, posterior parietal,
superior temporal, and limbic regions.100,103 The
fact that a similar neuroanatomical basis exists in
children is of interest, and it has been proposed
that early lesions to the cerebellum produce a
wide range of cognitive deficits, both immediately
and later in development,101 which is in keeping
with the persistence of other functional cerebellar
deficits in long-term survivors of posterior fossa
tumors of childhood.49,103

Cycles of brain development

Synaptic development:

• synaptogenesis

• synaptic pruning.

Myelogenesis:

• glial cell proliferation

• myelinization.



risk for damage. More generally, white matter is especially
vulnerable to the late effects of cranial radiation because
the glial cells that support the formation of myelin con-
tinue to grow and divide throughout life. If cells in the
hippocampus continue to divide during childhood and
adolescence, then deficits in new learning will be a com-
mon neurocognitive complaint, even in older children
treated with cranial radiation.58

COGNITIVE DEVELOPMENT

See also Chapter 26.
The typical course of cognitive development is not lin-

ear, although new skills emerge in a predictable sequence
and timeframe. Just as actively dividing cells are at greatest
risk for damage by cranial radiation, skills and abilities in
the most active stage of development are at greatest risk
for impairment as a result of brain damage in childhood.

Cognitive deficits will vary according to the level of skill
development, because emerging, developing, and estab-
lished skills are differentially vulnerable to the effects of
childhood brain damage.

Acquired brain injuries may disrupt the development
of skills that are yet to be acquired or skills emerging at
the time of injury. The infant or preschooler has few well-
established cognitive skills. Brain damage early in life,
when most skills are either emergent or developing, and
few are firmly established, puts a child at highest risk for
impairment in a wide range of cognitive skills and, indeed,
for generalized cognitive impairment. Consistent with
this model, a young age at diagnosis and treatment for
brain tumors is especially debilitating in a broad range of
cognitive functions.105

An insult to the brain before or during a particular time
window in development may change the normal develop-
mental trajectory of a skill that is meant to emerge at that
time.113 Different patterns of outcome for a skill domain
have been related to the developmental time window
within which skills develop. For example, children with
acquired brain injury in the preschool years develop poorer
reading decoding than do children with later injuries.114

Recent research has begun to address these skill develop-
ment questions and to study how age at diagnosis and
treatment for childhood brain tumors is associated with
specific deficit patterns in emerging skills.

AGE AT TEST

Cognitive outcome will vary depending on the age at which
outcome is assessed. Some cognitive deficits are evident
only at the point in development at which the requisite
skills emerge and the brain actively begins to contribute
to the development of a new behavior or strategy for solv-
ing a problem, a point that may be several years removed
from tumor diagnosis. For example, deficient executive
and organizational skills after early frontal lobe injury

may be a latent deficit, a late-emerging impairment that
becomes fully apparent only in adolescent or adult life.

Cognitive reserve

The term “cognitive reserve” refers to the capacity for
adaptive, efficient, and flexible problem-solving. It has
been suggested that cognitive reserve may account for 
the variability in outcome that occurs despite similarities
in disease states, type of treatment, and time since treat-
ment.114,115 The cognitive reserve hypothesis proposes
that factors such as premorbid intelligence and/or educa-
tional attainment may buffer or exacerbate the effects of
an acquired brain injury.

The cognitive reserve hypothesis finds considerable
support in the adult aging literature. Increased cognitive
reserve slows the emergence of mental deficits in neurode-
generative diseases.116 In Alzheimer’s disease, the presen-
tation of dementing symptoms varies with the degree of
cognitive reserve. Individuals with a high degree of cog-
nitive reserve exhibit signs of dementing illness at a later
stage in the disease process than do those with lesser cog-
nitive reserve; however, a prior head injury depletes cog-
nitive reserve, so that individuals with a history of head
injury begin to show signs of dementia earlier, regardless
of their premorbid intelligence.116

Individuals with childhood brain insults reach adult-
hood with diminished cognitive reserve, and it has been
proposed that they may be vulnerable to accelerated cogni-
tive decline in mid- to late adulthood.117 Our understand-
ing of the late neurocognitive effects of childhood brain
tumors will be incomplete until we can follow the natu-
ral history of survivors into middle and old age. Studies
of long-term survivors of childhood brain tumors are
important not only in describing the natural history of
the condition but also in identifying whether the tumor
and its treatment are associated with an accelerated pattern
of aging.

Genetic substrate

Within the overall pattern of impairments that are
observed following treatment for brain tumors in child-
hood, there remains a range of severity that is not
accounted for easily by the tumor factors of site, histo-
logical tumor type, etc., or the therapy given. On basic
principles, it would seem probable that this range of
responses has a genetic basis. There is thus a need for
programs of laboratory and clinical research designed to
investigate what genetic mechanisms drive this observa-
tion, the purpose being to identify individuals who are at
greater or lesser risk of suffering more severe adverse
sequelae from therapy, especially radiation therapy, and
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to explore possible interventions that might modify these
responses. As one example, studies are needed of out-
come in children treated for brain tumors who have pre-
existing diagnoses of learning disability, attention deficit
hyperactivity disorder, or family histories of these disor-
ders. To date, such children have generally been excluded
from group studies, but their pre-existing disorders, or
underlying predisposition to such, may in fact put them
at greater risk for poor outcome.

Psychosocial and environmental factors

Extrinsic influences modify how the damaged or undam-
aged CNS develops and help to shape how the child will
respond to brain injury. Factors such as family adapta-
tion, individual and family coping style, personality/tem-
perament, and environmental demands can affect a child’s
recovery and behavioral status after brain injury.

Because the influence of psychosocial and environmen-
tal factors on outcome is difficult to assess, these factors
have often been ignored. To some extent, however, they
are more easily molded, adjusted, and changed than bio-
logical factors. Recent research suggests that psychosocial
and environmental factors are important moderators that
act to buffer or exacerbate the effects of biological factors
in producing better or poorer outcome.

Behavioral and cognitive outcomes in children treated
for brain tumors depend on both illness-related variables
(e.g. neurological symptoms at presentation, treatment
modalities) and family-related variables (e.g. coping, fam-
ily stress, family cohesiveness). In a longitudinal study,
the combination of family and illness variables best pre-
dicted cognitive outcomes, and inclusion of contextual
factors (e.g. family stress, maternal coping) enhanced the
prediction of behavioral, adaptive, and cognitive outcome
in children with brain tumors.118

Longitudinal models have been developed that consider
direct and secondary factors affecting outcome, mediators,
and moderators of recovery. These methods have been
applied with considerable effect to children with closed
head injury.119 Taylor and colleagues have demonstrated
that a brain injury in childhood affects a child’s post-injury
behavior and adjustment both directly (via neuropatho-
logical mechanisms and emotional reactions to the injury
and its aftermath) and indirectly (via effects on the fam-
ily’s response to the child post-injury). The influence of
child and family is bidirectional. Brain injury in a child can
have direct effects on family function via post-traumatic
stress reactions and changes in family roles and routines,
and indirect effects through changes in the child’s behav-
ior or adjustment that cause further disruption to family
function. These effects are interrelated, i.e. there is a rela-
tion between a child’s behavioral dysfunction at one point
in time and subsequent suboptimal family function.

Cultural factors

Cultural variables also influence the outcome of child-
hood brain tumors. In some cultures, childhood cancer
is not discussed openly, even within the family, with the
result that children may be unaware of their own diagnosis
and treatment history or may fail to receive the encour-
agement, extra support, or tutoring required to become
literate and numerate members of society. In other fami-
lies, survival alone may be considered sufficient success,
and so minimal expectations may be placed on the child
with a brain tumor. Such families may feel that it is unfair
to push their child beyond the bare minimum, and they
may be satisfied for their child to live at home, supported
by other family members or by society.

Socioeconomic factors

Socioeconomic status has implications for family stress and
coping, as well as direct financial implications for reha-
bilitation opportunities in many countries. Private school-
ing, individual tutoring, and special vocational programs
may be precluded in some societies for families with
insufficient resources. This factor may also be tied to the
ability to access services and to negotiate a path though a
complex health system.

OUTCOME TIMEFRAME

Outcome is the end result of the altered developmental
trajectory. As such, it is important to measure it at a
number of time points. Different conclusions may be
reached if “outcome” is evaluated soon after diagnosis, in
the subacute phase, in the long term, or in the very long
term in mid- to late adulthood. An initial primary deficit
may have effects over time on the development of higher
level abilities so that, in the long term, the pattern of
impairment may be broader or more diffuse than was
earlier appreciated. Different conclusions will be reached
depending on the point of reference in relation to time
since diagnosis.

Time since diagnosis and treatment

In adults, a longer time since brain injury is usually related
to enhanced recovery. In children, the positive association
between time since injury and recovery may not hold.117,120

An opposite relation may hold in some instances. With
some forms of brain damage in childhood, a longer time
since injury can be associated with declines in level of per-
formance, e.g. verbal intelligence declines with time since
diagnosis in survivors of childhood medulloblastoma,
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which suggests progressive failure to assimilate new
knowledge at a developmentally appropriate rate.50

There are two explanations for the effect by which 
the magnitude of a developmental cognitive deficit
increases with time since diagnosis. One has to do with
structural changes to the brain (as discussed earlier) and
the other is concerned with rate of development and new
learning.

New skill acquisition

Following treatment for a brain tumor, the child’s chal-
lenge is not only to regain lost motor and cognitive skills
but also to maintain an age-appropriate rate of acquisi-
tion of new skills. When one or both of these tasks can-
not be achieved, as is common in children with brain
tumors, cognitive deficits become increasingly apparent
over time.

Children treated with cranial radiation for brain
tumors exhibit a slower than normal rate of new learning.
While they continue to acquire new skills and knowledge
over time, their rate of gain is slower than for age peers,
with the result that age-related standard scores decline
over time at a rate moderated by both age at treatment
and dose of craniospinal radiaton.13 The implication is that
survivors of childhood brain tumor treated with cranial
radiation show smaller deficits in relation to age peers in
the first few years after diagnosis but become increasingly
discrepant from peers over the course of development.
As yet, it is unclear how long this progressive discrepancy
continues to grow. These children may be limited, not
only in their rate of cognitive development, but also in
the final level attained.

Persisting deficits

Thus far, we have considered changes in the upward
slope of growth and development during childhood and
its relation to progressive brain damage and a slowed rate
of development. Some deficits emerge at diagnosis or
immediately after surgery and improve in the subacute
phase. Even in the very long term, however, these deficits
may not recover to age-expected levels. Huber-Okrainic
and colleagues demonstrated that very long-term sur-
vivors (average survival time 11 years) of posterior fossa
tumors, and who had transient cerebellar mutism in the
postoperative period, continued to exhibit more ataxic
dysarthric speech and a slower speech rate compared with
tumor survivors without a history of transient cerebellar
mutism and compared with healthy controls.99 Further-
more, adult survivors of childhood posterior fossa tumors
had not made the normal developmental advances from
a childhood speech rate.98

Psychosocial factors

When psychosocial adaptation is studied in survivors of
childhood cancer, children with the diagnosis of brain
tumor are often excluded.121–124 This is due in part to the
fact that problems associated with the diagnosis and
treatment of brain tumors directly affect social cognition
and social adaptation. Children diagnosed recently with
brain tumors exhibit problems in social competence and
behavior.125 Although behavior problems settle in the
long term, problems with social competence persist.126

Children treated previously for brain tumors are perceived
as more socially isolated by teachers, peers, and self-report;
furthermore, classmates perceive these children as sick,
fatigued, and often absent from school.127 In the long term,
the quality of life of brain tumor survivors appears to be
compromised.128

INTERVENTIONS

Until recently, the main goal of treatment-related research
for childhood brain tumors has been to increase the rates
of survival and ultimate cure. Drawing from research 
in the rehabilitation of another major form of acquired
brain damage, traumatic brain injury, recent efforts have
addressed long-term deficits either through pharma-
cological interventions or through behaviorally-based
cognitive rehabilitation programs. Little is known about
whether and how intervention can ameliorate the cognitive
morbidity of brain tumors and their treatment.

Pharmacological interventions

Children with brain tumors have attention problems.
Medication that has proven effective in children with pri-
mary attention deficit disorder has been studied in groups
of childhood cancer survivors, including those with brain
tumors. The stimulant medication methylphenidate (e.g.
Ritalin™) has been reported to improve attention, behav-
ior, and academic function in a mixed group of children,
including some with brain tumors.129 In another report,
however, methylphenidate did not improve attention 
or memory.130 A double-blind, placebo-controlled trial
of methylphenidate in survivors of childhood leukemia
or brain tumors documented significant drug-related
improvements in attention but not impulsivity.131

Cognitive/behavioral rehabilitation

Only a few investigators have designed and implemented
behavioral intervention or treatment programs to ame-
liorate the late neurocognitive deficits associated with
childhood brain tumors and their treatment. Butler and

222 Neuropsychological outcome



colleagues132,133 have designed a cognitive remediation
program adapted from the Attention Process Training of
Sohlberg and Mateer,134 in which hierarchically graded
materials were designed to address attention, perceptual,
and non-verbal cognitive processes. In work with an indi-
vidual therapist, each patient learned strategies for com-
pletely scanning materials, checking his or her own work,
refraining from self-distracting activities, setting personal
goals, and trying out new problem-solving strategies. The
results, although currently only preliminary, are encour-
aging: 21 children who completed the program, but not
waiting-list controls, showed statistically significant gains
on measures of attention and concentration.

FUTURE DIRECTIONS

Toxicity of surgery

National and international therapeutic trials have char-
acteristically collected extensive acute toxicity data

regarding chemotherapy and radiation therapy, but there
has been little or no attempt to collect prospective surgical
toxicity data. This constitutes important missing infor-
mation given the emerging prognostic importance of the
extent of surgical resection in many intracranial tumors
and the impact of early surgical toxicity on the delivery
of adjuvant therapies. High-technology approaches are
being employed increasingly and even routinely, but there
are scant data to enable evaluation of their benefits.
Furthermore, there is the possibility of exploiting inter-
actions between chemotherapy and surgery in some situ-
ations to facilitate surgical resection. Future clinical studies
should therefore include collection of datasets that will
enable the analysis of the extent and causation of surgical
toxicity.

Novel therapeutic approaches

The study of novel therapeutic approaches, whether they
be methods of drug delivery (e.g. intracavitary chemother-
apy), different radiation therapy schedules (e.g. hyper-
fractionation), or new physical agents (e.g. laser-induced
hyperthermia), should include standardized assessments of
the neurodevelopmental and neuropsychological sequelae.
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Conclusions

• The neurocognitive outcome of childhood brain
tumors is determined by four broad categories of
factors: biological, developmental, reserve, and
intervention.

• Different outcome levels within a given outcome
domain may be related to a variety of variables in
distinct ways, e.g. age at tumor diagnosis and
time since tumor treatment may each make
distinct contributions to intellectual morbidity.50

• Outcome must also be referenced to the child’s
age and developmental stage at the times of
diagnosis and/or treatment.

• More research is required to clarify how
particular biological and tumor features shape
outcome. Further information is needed about
the natural history of particular tumor types and
their treatments.

• Childhood brain tumors are associated with a
range of neurological symptoms and conditions.
Some of these have negative implications for
neurocognitive outcome, although the specific
contribution to outcome is often imperfectly
understood.

• After treatment for a brain tumor, the child has
the dual tasks of regaining lost skills at the same
time as attempting to master new skills, which
may explain in part why a younger age is
commonly associated with a greater risk for
neurocognitive deficits.

• The study of neurocognitive outcomes in
children with brain tumors can profitably use
models of cognitive development in the design of
outcome studies, and a developmental cognitive
approach to the study of childhood brain tumors
might enhance the ability to predict outcome in
specific ways.

• The exploration of syndromes, such as the
cerebellar cognitive affective syndrome, is likely to
increase our understanding of some of the long-
term effects of brain tumors unique to childhood.

• With respect to models of long-term follow-up,
accurate evaluation of outcome after childhood
brain tumors must involve multidisciplinary
expertise to measure not only physical and
cognitive late effects but also psychosocial and
neuropsychological sequelae.

• In the long term, many children treated for brain
tumors will reach adulthood, at which point they
face a number of challenges. On a practical level,
they will require follow-up from professionals
who must be aware of their complex
neurodevelopmental history in order to design
complete and appropriate outcome evaluations.

• Models of long-term follow-up may require new
categories of professional expertise as more
children treated for brain tumors survive and
age.117
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INTRODUCTION

The successful treatment of malignant central nervous
system (CNS) tumors in infants and children remains a
formidable challenge. Overall progress in the develop-
ment of successful treatment approaches for these tumors
has been modest despite advances in neurosurgical and
radiation therapy techniques and the availability of new
chemotherapeutic agents. Each of these treatment modal-
ities has certain inherent limitations: for surgical treatment,
the difficulties created by tumor location and extent; for
radiation therapy, the intolerance of the developing CNS 
to radiation; and for chemotherapy, the limited drug 
access imposed by the blood–brain barrier. Nevertheless,
as with other childhood tumors, a multimodality treat-
ment approach combining surgical resection (when feasi-
ble) with radiation therapy or chemotherapy, or both, has
led to progress in the treatment of some childhood CNS
tumors. In this chapter, we will review the role of
chemotherapeutic agents and other treatment strategies
that have a potential role in the treatment of primary
CNS tumors or the prevention and treatment of tumors
with a predilection for CNS dissemination.

BLOOD–BRAIN, BLOOD–CEREBROSPINAL
FLUID, AND BLOOD–TUMOR BARRIERS

The anatomic location of the blood–brain barrier is the
endothelial lining of brain capillaries. Endothelial cells in

brain capillaries differ from non-CNS capillaries in several
ways (Figure 12.1): (i) brain capillaries have epithelial-
like, high-resistance, tight junctions that fuse brain capil-
lary endothelia together into a continuous cellular layer
separating blood and interstitial space; (ii) brain capillar-
ies have a paucity of fenestrations and pinocytic vesicles,
thereby restricting transcellular transport; (iii) brain
capillaries have a greater number of mitochondria; and
(iv) brain capillaries have a number of metabolic enzymes
and transporters, e.g. p-glycoprotein (PGP), multidrug
resistance-associated proteins (MRP1 and 3), and
organic acid transporters (OATs), which are not nor-
mally found in endothelial cells.1–7 Thus, access to the
interstitial space of the brain requires agents to pass
through two membranes (luminal and abluminal plasma
membranes) and the endothelial cell cytoplasm, which is
accomplished by either passive diffusion or facilitated
transport.4 As a result, the blood–brain barrier is selec-
tively permeable to lipophilic compounds, which can dif-
fuse readily through lipid plasma membranes, and to
nutrients, including glucose and amino acids, for which
there are specific transporters to facilitate passage across
plasma membranes.4,8,9

The blood–cerebrospinal fluid (CSF) barrier serves 
as the other major natural membrane barrier in the
CNS.9 Drug concentrations in the CSF are often used as
a surrogate for concentrations in the brain interstitial
space because of the relative availability of CSF versus
brain tissue. However, it is important to remember that
the blood–CSF and blood–brain barriers are not equiva-
lent.4 The blood–CSF barrier, which has a surface area
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approximately 5000-fold less than that of the blood–
brain barrier, is located in the epithelium of the tiny
organs that surround the ventricles (e.g. choroid plexus,
median eminence, area postrema). Capillaries in the
region of the blood–CSF barrier are porous, allowing
small molecules to penetrate the interstitial space of the
circumventricular, organs including the surface of the
ependymal-lined ventricles. The ependyma are fused
together by low-resistance tight junctions. Therefore, the
composition of the CSF is determined by secretory
processes in the choroid plexus ependymal epithelial cells
rather than the capillary endothelial cells. As a result, for
some agents, the concentration in the CSF may be sub-
stantially different from that in the brain interstitium.4,9

Similar to the blood–brain barrier, some drug trans-
porters such as PGP, MRP, and OAT have been postulated
to play a drug-transporting role in the blood–CSF bar-
rier at the level of the choroid plexus.6,10,11

The blood–tumor barrier is another important variable
that plays a role in restricting the delivery of systemically
administered chemotherapy to the tumor tissue relative
to plasma. As discussed previously, simple diffusion is the
primary route by which drugs cross the blood–brain 
barrier. However, in brain tumors, permeability is an

even more complex issue, since within a given tumor there
may be more than one microvessel population, each with
its own permeability characteristics.12,13 Another compli-
cating factor involves the spatial distribution of the target
capillaries. Although the capillaries within the tumor may
have increased permeability, the permeability in the brain
adjacent to tumor rapidly returns to normal brain values
within just a few millimeters of the tumor margin. Since
individual tumor cells may be located centimeters away
from the tumor edge, the spatial variability in capillary
permeability will also impact drug delivery.12–14

Physiochemical properties affecting the
blood–brain barrier

Factors that influence the penetration of a drug across
the blood–brain barrier include the physiochemical
properties of the agent, the degree of protein binding,
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Tight junctionIntercellular cleft
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General capillary

Pinocytosis
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Transporter

Mitochondria

Lumen

Figure 12.1 Differences between brain capillary endothelial
cells and endothelial cells in other organs. Brain capillary
endothelial cells have tight intercellular junctions and lack
fenestrations and pinocytic vesicles. The cytoplasm of the brain
capillary endothelial cells are rich in mitochondria, which supply
energy to the various transport systems for passage of nutrients
into the brain and to pump out potentially toxic compounds.
Processes from astrocytes, pericytes, and neurons are associated
closely with brain capillaries and trophically influence the
specialized functions of brain capillary endothelial cells.
Reproduced with permission from Patel et al.4

Table 12.1 Central nervous penetration of commonly used
anticancer drugs (adapted from Balis and Poplack163)

Drug CSF/plasma ratio (%)

Alkylating agents
Cyclophosphamide 50/15a

Ifosfamide 30/15a

Thiotepa �95
Carmustine (BCNU) �90
Platinum analogs
Cisplatin 40/�5b

Carboplatin 30/�5
Antimetabolites
Methotrexate 3
6-Mercaptopurine 25
Cytarabine 15
5-Fluorouracil 50/15c

Anti-tumor antibiotics
Anthracyclines ND
Dactinomycin ND
Plant alkaloids
Vinca alkaloids 5
Epipodophyllotoxins �5
Topoisomerase I inhibitors
Topotecan 30
Irinotecan 14
SN-38 8d

Miscellaneous
Prednisolone �10
Dexamethasone 15
L-asparaginase NDe

CSF, cerebrospinal fluid; ND, drug not detectable in cerebrospinal fluid.
aIncludes parent compound/active metabolite. bIncludes free
(ultrafilterable)/total platinum. cIncludes bolus dose/infusion. dActive
metabolite of irinotecan. eAlthough drug is not detectable in
cerebrospinal fluid, cerebrospinal fluid L-asparagine is depleted by
systemic administration of L-asparaginase.
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and the affinity of the agent for carriers that facilitate
transport of endogenous compounds into the CNS.
Characteristics that adversely affect drug penetration
across the blood–brain barrier include poor lipid solubil-
ity, significant ionization, and high protein or tissue
binding.15–17 For most anticancer agents that have been
studied, penetration across the blood–brain barrier is
limited (Table 12.1). Nevertheless, because of the obser-
vations that there are several agents that penetrate the
blood–brain barrier poorly yet have activity against CNS
tumors, and the concentration of chemotherapy in the
majority of the tumor is higher than that in the adjacent
normal brain,4,18 there is still controversy over the mag-
nitude of the blood–brain barrier’s role in the resistance
of CNS tumors to chemotherapy.19

STRATEGIES FOR INCREASING CENTRAL
NERVOUS SYSTEM DRUG DELIVERY

Many therapeutic strategies have been developed in an
attempt to either disrupt or circumvent the blood–brain
barrier in order to enhance drug delivery to the target
tumor site within the CNS, including: (i) blood–brain

barrier disruption with agents such as mannitol and
vasoactive compounds; (ii) administration of very high-
dose systemic chemotherapy; and (iii) regional chemother-
apy administration using the intrathecal, intra-arterial,
and intratumoral routes. These approaches and their
potential advantages and/or disadvantages are outlined
in Table 12.2.

Disruption of the blood–brain and
blood–tumor barriers

A number of mechanisms have been employed to disrupt
the blood–brain and blood–tumor barriers. The most
common approach involves the use of agents such as
mannitol to increase the osmotic potential of plasma.
Newer approaches include strategies to chemically mod-
ify the blood–brain barrier, using vasoactive compounds
and attempts to prevent drug efflux from tumor tissue
through inhibition of transport pumps such as PGP.
Although objective evidence of anti-tumor response has
been observed with each of these approaches, the use of
such approaches outside the context of a clinical trial
cannot be recommended, since their role in the treat-
ment of children with CNS tumors has not been defined.

Table 12.2 Comparison of different methods drug delivery to brain tumors (adapted from Groothuis12)

Approach Primary advantages Primary disadvantages Limiting factors

BBB disruption First-pass increase in AUC, Invasive, differential effect on BBB/BTB permeability,
increased permeability brain and tumor, short-lived, systemic toxicity

potential for unpredictable 
neurotoxicity

Chemical modification with First-pass increase in AUC, Invasive, short-lived BBB/BTB permeability,
vasoactive compounds increased permeability systemic toxicity

(theoretically selective to BTB)
Radiation therapy Greater selectivity for BBB Long-term neurological Patient age, potential 

sequelae in developing CNS systemic/neurologic
toxicity

Inhibiting drug efflux Decreased efflux Not selective for BTB, therefore 
potential for increased 
neurotoxicity

New drug formulations Potential for BTB selectivity Must be evaluated for BBB/BTB permeability, 
each agent systemic toxicity

Intrathecal (intralumbar Easy access, ideal for Not useful for parenchymal Bulk flow rate of CSF
or intraventricular) leptomeningeal disease disease or bulky leptomeningeal

disease, non-uniform distribution 
in CNS

Intratumoral therapy Bypasses BBB, 100% drug Invasive, distribution Unpredictable distribution,
(biodegradable polymers, delivered to target is diffusional increased potential for
convection-enhanced local neurotoxicity
delivery)

Intra-arterial First-pass increase in AUC Invasive, small increase in AUC BBB/BTB permeability, 
therapy systemic toxicity

High-dose systemic Higher concentrations at target Systemic toxicity
chemotherapy site, uniform drug delivery

AUC, area under curve; BBB, blood–brain barrier; BTB, blood–tumor barrier; CNS, central nervous system; CSF, cerebrospinal fluid.



Randomized clinical trials to assess the impact of such
interventions on either response or progression-free 
survival have not yet been performed.

OSMOTIC DISRUPTION

This approach involves intra-arterial infusion, via an
intracerebral or vertebral artery, of a hyperosmolar solu-
tion to induce blood–brain barrier disruption. Exposure
of the capillary endothelial cells to the hyperosmolar solu-
tion leads to cell shrinkage and stress on the tight junc-
tions.20 As a result, the junctions are pulled apart, allowing
increased capillary permeability. Hypertonic mannitol
(25 per cent) is the most commonly used agent for 
blood–brain barrier disruption, although hypertonic
arabinose has also been utilized.4,21 The intra-arterial
infusion of the hypertonic solution is frequently preceded
by intravenous administration of chemotherapeutic
agents that require systemic activation, e.g. cyclophos-
phamide, and is generally followed by intra-arterial
administration of another chemotherapeutic agent such
as methotrexate or carboplatin.20

Considerable controversy has been generated by the
use of osmotic blood–brain barrier disruption, for a
variety of reasons. First, the actual effectiveness of
blood –brain barrier disruption in increasing drug deliv-
ery to tumors is uncertain. The enhancement of drug
uptake into tumors is variable because blood–tumor 
barrier permeability is not homogeneous.22,23 As a result,
the relative increase in exposure within the tumor may 
be less than that within normal brain or brain adjacent 
to tumor. This was demonstrated elegantly by Zunkeler
and colleagues,24 who evaluated the pharmacokinetics of
methotrexate, an agent with low CNS permeability, after
blood–brain barrier disruption with mannitol. They
found that the peak absolute percentage increases in the
permeability of tumor and normal blood brain vessels
were 60 per cent and 1000 per cent, respectively. In addi-
tion, there is little rationale for using this approach to
administer a cell-cycle-specific agent, such as methotrex-
ate, because the duration of exposure above a threshold
concentration is a much more important determinant of
response than is exposure to high concentrations for a
brief period of time.4

Although blood–brain barrier disruption has been
shown to be feasible in a limited multicenter setting, it has
many drawbacks, including the need for general anes-
thesia and intra- blood–brain barrier (BBB) catheteriza-
tion.25 Despite the overall low risk of neurological
complications after osmotic BBB disruption, there may be
profound or unpredictable toxicities, including pulmonary
embolus, stroke, visual deterioration, hearing loss, and
seizures.4,25 In addition, osmotic disruption of the blood–
brain barrier is non-specific (i.e. not limited to the
tumor) and therefore may be associated with increased

neurotoxicity. Indeed, unexpected high-frequency 
hearing loss occurred in almost 80 per cent of patients
receiving carboplatin after osmotic blood–brain barrier
disruption, necessitating a change in treatment plan and
investigation of chemoprotecant strategies.20,26,27 Unpre-
dictable neurological toxicities associated with combina-
tions of certain anticancer agents and anesthetics, as
demonstrated in preclinical studies with etoposide phos-
phate, may also occur.28

CHEMICAL MODIFICATION USING VASOACTIVE
COMPOUNDS

A variety of chemical agents that are derivatives of normal
vasoactive compounds, including labradimil, the synthetic
analog of bradykinin,29–31 interleukin-2,32 leukotriene
C4,33 and others,34 have been investigated, either preclin-
ically or clinically, for their ability to disrupt the blood–
brain barrier.

Bradykinin, a naturally occurring nonapeptide, and
its synthetic analog labradimil (Cereport, RMP-7) bind
specifically to B2 receptors expressed on the luminal and
abluminal surfaces of brain and brain tumor capillaries.
This results in transient relaxation of the tight junctions
and increased permeability to a variety of agents.30,35

Recent studies have demonstrated that bradykinin and
labradimil can increase the permeability of the blood–
tumor barrier at doses lower than those required for 
disruption of the blood–brain barrier.30,36 The obvious
appeal of this strategy, which in theory selectively increases
the permeability of the blood–tumor barrier, is that 
it avoids the potential for unpredictable neurotoxicity
associated with high drug concentrations in normal brain.
Labradimil has the advantage of having a longer half-life
than bradykinin.37 Thus, strategies using labradimil to
selectively increase the permeability of the blood–tumor
barrier are currently being evaluated in clinical trials.31,38

Early results indicate that labradimil administered in
combination with carboplatin is tolerated well.38 There
are currently two ongoing studies within the Children’s
Oncology Group (COG) of labradimil in children with
CNS tumors, one a study of concurrent labradimil and
carboplatin with radiation therapy for patients with newly
diagnosed brainstem gliomas, and the other a phase II
trial of labradimil and carboplatin in patients with recur-
rent or refractory CNS tumors.

RADIATION

Ionizing radiation can impair the integrity of the blood–
brain barrier at doses exceeding 10–15 Gy.39 Although
the mechanism of this response is not understood
entirely, it may be due to the activation of vesicular trans-
port. A pilot study evaluating the effects of radiation on
the blood–brain barrier using 99MTc-glucoheptonate in
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patients with localized brain tumors revealed that the
blood–brain barrier in the irradiated normal brain was
disrupted and that the degree of disruption was directly
proportional to the radiation dose. In addition, an evalu-
ation of one patient in this study demonstrated that there
was partial disruption of the blood–brain barrier (�22
per cent) within the tumor pre-radiation, and that the
permeability increased post-radiation (�75 per cent)
and then decreased (to �20 per cent) over the ensuing
eight months.40 The impact of radiation on the disposi-
tion of chemotherapy within the CNS has not been well
studied. However, based on these observations, it has
been proposed that radiotherapy (to doses of 20–30 Gy)
should precede chemotherapy in order to disrupt the
blood–brain barrier and facilitate the delivery of drugs to
the tumor.40

INHIBITION OF DRUG EFFLUX

Access of many drugs to the brain is limited by active
efflux, mediated by PGP and related transporters that
confer resistance to cancer cells by allowing them to move
a variety of chemotherapeutic agents against a concen-
tration gradient.6,7,41 PGP, an ATP-dependent transport
protein, and the mdr-1 gene that encodes for it are nor-
mally expressed in the apical membranes of a number of
epithelial cell types in the body (e.g. the biliary canaliculi,
the proximal tubules in the kidney, the mucosal lining of
the jejunum and colon, and the adrenal gland), including
the blood luminal membrane of the brain endothelial
cells that make up the blood–brain barrier. In addition,
PGP is expressed in a variety of human tumors, includ-
ing CNS tumors such as gliomas.12,42,43 Extensive pre-
clinical experiments in knockout mice that lack an mdr-1
gene demonstrate highly increased CNS concentrations
following systemic administration of drugs such as vin-
blastine and cyclosporin, known substrates for PGP.44

Similarly, a role for MRP in excluding etoposide from
CSF has been demonstrated from experiments utilizing
knockout mice.11 As a result, it has been postulated that
highly effective inhibitors of PGP may be effective in
blocking PGP in the blood–brain barrier. However, this
strategy has not been successful in preclinical studies in
non-human primates, where PGP-inhibitory concentra-
tions of cyclosporin A failed to increase the CSF penetra-
tion of doxorubicin.45 More potent PGP inhibitors that
may be more effective are being developed.

An obvious potential drawback to this strategy is that,
like osmotic blood–brain barrier disruption, it is not
selective for the blood–tumor barrier and therefore it has
the potential to increase toxicity to normal brain. In
addition, the recent identification of functional poly-
morphisms of the mdr-1 gene suggests that there may be
interpatient variability in PGP modulation of CNS drug
penetration.46

NOVEL METHODS OF INTRAVASCULAR DRUG DELIVERY

The use of liposomal drug formulations that selectively
accumulate in brain tumors is another approach that is
being explored in an attempt to overcome the blood– brain
barrier. Relatively selective delivery to tumor has been
reported for liposomal formulations of daunorubicin
and doxorubicin in patients with glioblastoma multi-
forme.47,48 Results from a recent study indicate that accu-
mulation of radiolabeled “stealth” liposomal doxorubicin
was 13–19 times higher in glioblastomas and 7–13 times
higher in metastatic lesions, as compared with normal
brain. The effectiveness of liposomal delivery of drugs to
brain tumors is not yet proven.

Regional drug delivery

INTRATHECAL THERAPY

Intrathecal administration of chemotherapy, one of the
earliest approaches used to circumvent the blood–brain
barrier, is utilized routinely in the treatment and preven-
tion of CNS leukemias and lymphomas. Intrathecal drug
delivery can be accomplished via lumbar puncture or via
the use of an in-dwelling ventricular access device (e.g.
Ommaya reservoir) or an in-dwelling lumbar reservoir.
The primary advantage of this form of regional therapy
is that very high drug concentrations can be achieved in
the CSF using relatively small doses because the initial
volume of distribution in the CSF is small compared with
that in plasma (150 ml for CSF, 3500 ml for plasma).49–51

As a result of the lower total drug dose, the potential for
systemic toxicity is minimized.

Despite the significant pharmacologic advantages
resulting from intrathecal drug administration, there are
several inherent limitations to this approach: (i) the pen-
etration of drug into the brain parenchyma after intrathe-
cal dosing is only a few millimeters,52 thereby limiting
the utility of this approach in patients with parenchymal
or bulky leptomeningeal tumors; (ii) drug distribution
throughout the neuraxis is not uniform, as has been
demonstrated in non-human primates following intra-
lumbar methotrexate;53 and (iii) the presence of alterations
in CSF flow due to hydrocephalus, a ventriculoperitoneal
shunt, or the leptomeningeal disease itself may signifi-
cantly alter drug distribution and elimination from the
CSF.54 Other potential disadvantages of intrathecal ther-
apy include pain and inconvenience if the intralumbar
route is used for drug delivery, and technical problems
with drug delivery to the intended target site, as evi-
denced by radioisotope studies demonstrating that in
approximately ten per cent of intralumbar injections,
drug is injected or leaks into the subdural or epidural
space instead of the subarachnoid space.55 Some of these
limitations can be overcome by direct delivery of drug
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into the ventricle using a ventricular access device, which
ensures drug delivery into the CSF and results in more
uniform drug distribution. Although the pharmaco-
kinetic advantages of intraventricular drug delivery are
substantial, this approach requires a neurosurgical pro-
cedure and is therefore most often reserved for patients
with overt leptomeningeal disease.

Standard agents for intrathecal administration
Methotrexate and cytarabine administered alone or in
combination with hydrocortisone are the cornerstones of
both the treatment and the prevention of CNS disease in
children with acute leukemia or lymphoma. Important
pharmacological principles have been derived from 
their routine use in childhood leukemias that have wide-
spread applicability to other intrathecal agents. For exam-
ple, unlike systemically administered chemotherapy, in
which dosing is based on body surface area, intrathecal
chemotherapy is generally administered at a fixed dose in
all patients over three years of age. This practice is based
on the observation that the CNS, including the CSF vol-
ume, approaches adult size in children at this age.56

Bleyer and colleagues demonstrated that age-based dosing
both improved response to and decreased toxicity of
intrathecally administered methotrexate.57 Virtually all
intrathecal drug administration in children now follows
this approach.

Unfortunately, neither methotrexate nor cytarabine is
particularly useful for the treatment of brain tumors.
Thiotepa, which has modest activity against pediatric brain
tumors when administered systemically,58 has also been
administered intrathecally. In a retrospective review, five 
of 14 patients with leptomeningeal gliomatosis responded
radiographically to intraventricular administration of
thiotepa.59 However, in a prospective, randomized study
of thiotepa compared with methotrexate in patients with
leptomeningeal spread of solid tumors, no patient in
either arm had significant clinical improvement, and the
median survival time for patients treated with thiotepa
was 14 weeks.60 There is no current standard intrathecal
therapy for leptomeningeal malignancy.

Investigational agents
A number of other agents have been studied in clinical
trials of intrathecal administration. These include diaz-
iquone,61 6-mercaptopurine,62 mafosfamide,63,64 and
topotecan.65 In addition, a liposomally encapsulated
form of cytarabine, DepoCyt™, which provides pharma-
cokinetic advantages compared with free cytarabine, is
also being studied for both leukemia/lymphomas and
solid tumors that have spread to the leptomeninges.66–68

Although some of these agents have shown anti-tumor
activity in the phase I setting, it is too early to recom-
mend their use outside the investigational setting.

Ongoing studies in children to evaluate new agents for
intrathecal administration include a COG phase II trial

of intrathecal topotecan, a Pediatric Brain Tumor
Consortium (PBTC) phase I study of a form of intra-
thecal busulfan (Spartaject®-Busulfan), and a PBTC pilot
study of intrathecal mafosfamide in infants with newly
diagnosed embryonal tumors.

INTRATUMORAL THERAPY

Biodegradable polymers
Microencapsulated, drug-loaded, biodegradable poly-
mers implanted into brain or tumor tissue at the time of
surgery provide a mechanism for timed release of cytotoxic
therapy.69 Gliadel, a 3.85 per cent carmustine-impregnated
polymer, is the first biodegradable polymer approved for
use by the US Food and Drug Administration (FDA) in
adults with high-grade recurrent gliomas. A phase III
randomized, placebo-controlled study of gliadel demon-
strated an increase in median survival from 23 weeks 
to 31 weeks in the patients who received surgically
implanted carmustine-loaded polymers.70 The primary
advantage of this approach is that it bypasses the blood–
brain barrier, allowing direct delivery of high concentra-
tions of drug to the tumor tissue or tumor bed with a
small total drug dose, thereby minimizing potential for
systemic toxicity.71 However, some clinical studies have
demonstrated the potential for increased local toxicities,
including wound infection, CSF leak, sepsis, and cerebral
edema.72,73

The primary limitation to the use of biodegradable
polymers is the poor diffusion of the drug through tumor
and brain interstitium. As a result, only a small volume of
tissue surrounding the drug source is treated.74 In addi-
tion, there may be limitations or resistance that are inher-
ent to the agent utilized within the polymer.73 For example,
carmustine resistance may be due, in part, to the 
presence in tumor of high levels of the DNA repair 
protein alkylguanyl-DNA alkyltransferase (AGT).75,76

O6-benzylguanine (O6BG) is an inhibitor of AGT that may
provide a strategy for overcoming this resistance mecha-
nism (see below). In theory, systemic administration of
O6BG in conjunction with use of the carmustine-loaded
polymers may potentially increase the efficacy of the
polymer. This treatment strategy is, at the time of writ-
ing, being evaluated in a clinical trial sponsored by the
National Cancer Institute for adults with CNS tumors.71

Ongoing studies are also evaluating carmustine-loaded
polymers containing higher doses of carmustine (20 per
cent and 32 per cent) in an attempt to take advantage of the
steep dose–response curve for alkylating agents. Prelim-
inary results of these studies suggest that polymers loaded
with up to 20 per cent carmustine are tolerated well.77

Other agents are also being evaluated using biodegrad-
able polymers as a vehicle for drug delivery. The feasibility
of administering intratumoral 5-fluorouracil (5-FU) using
poly(D,L, lactide-co-glycolide) (PLAGA) microspheres in
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patients with newly diagnosed glioblastoma multiforme
has recently been confirmed in a pilot study. 5-FU-loaded
PLAGA microspheres were surgically implanted into the
surgical resection cavity. Radiation therapy commenced
within seven days of surgery. Sustained concentrations of
5-FU were present in the CSF for at least one month
postoperatively. Overall tolerance to the treatment was
good, and median survival in this small study increased
from 51 weeks to 98 weeks.78 The role of biodegradable
polymers in the treatment of childhood CNS tumors has
not yet been evaluated.

Convection-enhanced delivery
Convection-enhanced delivery, also referred to as intra-
cerebral clysis,79 is a method of delivering drug to CNS
tumors directly using a catheter that has been implanted
into the tumor or tumor cavity to directly infuse drug
solutions. A subcutaneously implanted Ommaya reser-
voir facilitates administration of intermittent bolus 
injections or continuous infusion of the solution over
prolonged periods of time. This drug delivery technique
can be used to deliver drugs or large macromolecules (e.g.
immunotoxin, cytokines) efficiently and homogeneously
to a large volume of brain over a short period of time,
since unlike diffusion, convection (bulk flow) results from
a pressure gradient.71,74,80,81 The volume of distribution
with convection delivery is linearly proportional to the
volume of the infusion and the type of tissue being
infused.12,82,83 The maximum concentration of drug in
the infusate will be limited by toxicity to normal brain
within the central part of the convective component of
the infusion.12 The feasibility of convection-enhanced
delivery has been evaluated preclinically in a variety of
experimental brain tumor models79,84,85 and in non-
human primates.82 Clinical trials using this approach are
ongoing in adults with supratentorial CNS tumors, but
the approach has not been evaluated in children.

INTRA-ARTERIAL THERAPY

In theory, intra-arterial delivery of chemotherapy to
CNS tumors, as to tumors elsewhere in the body, offers a
potential pharmacokinetic advantage over intravenous
infusions because higher blood concentrations of drug
are achieved during the first pass through the brain. This
advantage is most pronounced for agents that have a
high total body clearance and for agents that are metab-
olized or inactivated after the first pass through the
liver.4,86 In contrast, if a drug is not cleared rapidly from
the systemic circulation, or if high local concentrations
result in undue toxicity, then the intra-arterial approach
is not advantageous. The delivery of drugs to brain
tumors by intra-arterial infusion is particularly complex
because of streaming and non-uniform mixing of drug
administered in this fashion. In addition, cannulation of
different arteries and different infusion techniques may

result in unexpected differences in the properties of drug
distribution. For example, Saris and colleagues studied
the effects of various infusion techniques on the distri-
bution of infusate using a labeled tracer and positron-
emission spectroscopy imaging.86 Supraophthalmic artery
drug infusions resulted in pronounced vascular stream-
ing and heterogeneity of tracer distribution in the brain.
In contrast, after infraophthalmic infusions into the cer-
vical carotid artery there was little or no intravascular
streaming, probably because increased turbulence in this
area resulted in more uniform drug mixing in the blood
near the site of administration. In addition, the use of
diastole-phased pulse infusions substantially reduced
drug streaming following supraophthalmic administra-
tion.86 Thus fluid mechanics, in addition to pharmacoki-
netics, have a major impact on the potential advantages
of intra-arterial drug administration.

Intra-arterial therapy has not yet been demonstrated to
provide a clinically meaningful advantage for patients with
CNS tumors.4 Furthermore, it has been associated with sig-
nificant morbidity, including irreversible encephalopathy
and visual loss, in addition to the inherent potential risks
associated with carotid artery catheterization.86,87 There is
not currently a role for intra-arterial infusions in the
treatment of children with CNS tumors.

High-dose systemic chemotherapy

Systemic administration of high doses of chemotherapy
is another strategy that has been utilized to overcome the
limited blood–brain barrier penetration of most system-
ically administered anticancer agents. The primary theo-
retic advantage of high-dose systemic therapy over
regional therapy is that while both approaches produce
high drug concentrations in the target site, systemic ther-
apy results in more uniform delivery and more sustained
exposure in the brain and CSF.4 This approach has been
used successfully with agents such as methotrexate and
cytarabine in the treatment of childhood leukemias. A
primary limitation to this approach is the potential for
severe systemic toxicity,88,89 although this can be amelio-
rated in part by the use of hematological support, such as
stem-cell or bone-marrow transplant.

High-dose chemotherapy approaches in children and
adults with primary or recurrent CNS tumors using
stem-cell or bone-marrow rescue have demonstrated
minimal to modest anti-tumor activity in a variety of
adult and pediatric CNS tumors.89–93 In general, embry-
onal tumors appear to be most responsive, while gliomas
appear to be relatively unresponsive. In addition, this
therapy has sometimes been associated with early toxic
deaths and neurologic complications.90,91 Unfortunately,
the interpretation of clinical trials utilizing this approach
is confounded by the various treatment regimens selected,
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the heterogeneity of previous or subsequent radiother-
apy, and the assorted tumor types and locations studied.
The role of high-dose chemotherapy in the treatment of
children with CNS tumors has not yet been defined.

STANDARD CHEMOTHERAPY APPROACHES

Alkylating agents

Alkylating agents are highly active in the treatment of a
variety of malignant childhood tumors, including those
of the CNS. These agents exert their cytotoxic effect by
producing alkylation of DNA through the formation of
reactive intermediates that attack nucleophilic sites.94

Since alkylating agents demonstrate a steep dose–response
curve in experimental tumor model systems, they are 
frequently incorporated into high-dose chemotherapy 
regimens that employ either bone-marrow or peripheral
stem-cell rescue, as discussed above.95

Alkylating agents may differ greatly in their toxicity pro-
files and anti-tumor activity as a result of differences in
pharmacokinetic profiles, lipid solubility, membrane trans-
port properties, ability to penetrate the CNS, and detoxifi-
cation reactions.94 Myelosuppression is the primary acute
toxicity associated with alkylating agent therapy. However,
it may be delayed and/or cumulative following treatment
with some agents, e.g. the nitrosoureas. Other common
acute toxicities of alkylating agents include nausea, vom-
iting, alopecia, and allergic reactions. Gastrointestinal and
neurological toxicities may be observed at high doses.
Delayed toxicities include pulmonary fibrosis, gonadal
atrophy, and impaired renal function. In addition, these
agents are carcinogenic, mutagenic, and teratogenic.96–98

The alkylating agents used most widely in the treat-
ment of CNS tumors include cyclophosphamide, pro-
carbazine, and the nitrosoureas (carmustine, lomustine).

CYCLOPHOSPHAMIDE

Cyclophosphamide, an inactive prodrug that requires acti-
vation by hepatic microsomal enzymes in order to exert
a cytotoxic effect, is one of the most widely utilized anti-
cancer agents for the treatment of embryonal tumors of
the CNS as well as for a variety of other childhood tumors.
Cyclophosphamide is usually administered as either a 
single bolus dose or a fractionated dose over two to three
days. This agent is usually administered in combination
chemotherapy regimens, but it has also demonstrated
single-agent activity in patients with recurrent medulloblas-
toma and gliomas.99–101 In addition, cyclophosphamide is
used widely in preparative regimens for autologous bone-
marrow transplant and in regimens that utilize high-dose
chemotherapy with peripheral blood stem-cell rescue.

PROCARBAZINE

In the earliest phase II study of procarbazine in patients
with brain tumors, the response rate was 48 per cent.102 It
is worth noting, however, that the initial estimates of
response to procarbazine, as to many of the older agents
generally considered active against brain tumors, came
before the advent of computed tomography (CT) and
magnetic resonance imaging (MRI). Thus, it is difficult
to compare the single-agent activity of these drugs with
that of drugs developed more recently. In a recent phase
II study in previously untreated children with high-grade
glioma, procarbazine was inactive.103 Procarbazine is now
used most commonly in combination with lomustine, or
with lomustine and vincristine, although the activity of
these combinations is limited.104

NITROSOUREAS

The nitrosoureas have been used for the treatment of
brain tumors for more than 40 years. Early single-agent
response rates ranged from 30 to 70 per cent.105 However,
in a more recent study comparing procarbazine with 
carmustine in adults with gliomas, the response rate was
35 per cent for procarbazine and 23 per cent for carmus-
tine.106 As discussed above, the DNA repair enzyme AGT
may be at least partly responsible for nitrosourea resis-
tance. O6BG acts as a fraudulent substrate for AGT,
depleting AGT and interfering with DNA repair. Thus,
this agent increases tumor cell sensitivity to alkylating
agents such as carmustine and lomustine.76 Recent stud-
ies have demonstrated that AGT inhibition in tumor 
tissue is feasible.107 However, normal tissue, particularly
bone marrow, is also sensitized and the dose of
nitrosoureas must be reduced when given with O6BG.108

The ultimate utility of this approach is unproven.

Non-classical alkylating agents

TEMOZOLOMIDE

Temozolomide is an oral imidazotetrazine derivative that
was developed as an alternative for dacarbazine. Both
agents are prodrugs for the active moiety MTIC (methyl-
triazenyl imidazole carboximide). However, unlike dacar-
bazine, which requires hepatic activation, temozolomide
decomposes spontaneously at physiological pH to its
active metabolite. Temozolomide is distributed widely 
in tissues and penetrates well across the blood–brain bar-
rier.109 Preclinical models suggested that the anti-tumor
activity of temozolomide was schedule-dependent, lead-
ing to initial evaluation of single daily dosing for five
consecutive days. Temozolomide has shown activity in a
number of studies,110,111 and it is approved as second-line
treatment for anaplastic astrocytoma in adults.112 Results
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of a CCG phase II trial of temozolomide in children have
not yet been published.

Tumor levels of AGT (see above) and of DNA mis-
match repair proteins are important in determining
response to temozolomide and other alkylating agents.107

Therefore, a pediatric phase I study of temozolomide in
combination with O6BG is currently under way.

Platinum analogs

Along with the nitrosoureas and other alkylating agents,
cisplatin and carboplatin are among the most widely
used agents in the treatment of brain tumors. Cisplatin 
is highly protein-bound and penetrates poorly into the
CSF,113 although tumor concentrations of cisplatin have
been reported to be much higher than those in normal
brain tissue.114 The dose-limiting toxicities of cisplatin
are nephrotoxicity and ototoxicity, which are not always
reversible.115 Single-agent studies of cisplatin have demon-
strated a response rate of 30–80 per cent, depending on
tumor histology, with medulloblastomas being particu-
larly sensitive.116–119

Carboplatin is less protein-bound than cisplatin and
penetrates much better into the CSF.113 It achieves cyto-
toxic concentrations in brain tumors following intra-
venous administration.120 In contrast to cisplatin, the
dose-limiting toxicity of carboplatin is myelosuppression,
especially thrombocytopenia. Because thrombocytopenia
is correlated closely with total systemic exposure to carbo-
platin, which in turn may be predicted based on an indi-
vidual patient’s glomerular filtration rate, several equations
have been developed that permit selection of a carboplatin
dose that will produce a tolerable platelet nadir on an indi-
vidualized basis.115 A somewhat unusual toxicity of carbo-
platin is hypersensitivity reactions, which appear to occur
more commonly in patients who receive a higher number
of carboplatin infusions.121 Carboplatin has demonstrated
single-agent activity against childhood brain tumors in 
a number of phase II trials, although the response rates
vary.122–125 It is also active against low-grade gliomas 
and optic pathway tumors, including those that arise in
patients with neurofibromatosis type 1 (NF-1).126–128

Topoisomerase inhibitors

EPIPODOPHYLLOTOXINS

The epipodophyllotoxins etoposide and teniposide are
used widely in the treatment of various childhood malig-
nancies. Etoposide is particularly active against many
solid tumors. Its activity against brain tumors, however,
is uncertain. A phase II study in children with recurrent or
refractory brain tumors showed only a low level of activity,
with a response rate of less than 20 per cent.129 Because
there is some evidence that a protracted schedule may be

more active, etoposide has also been studied following
daily oral dosing for a prolonged period, usually of 21
consecutive days or longer. Results of these studies have
been mixed, but the activity of etoposide administered in
this fashion appears to be modest at best.130–134 Similarly,
there appears to be little role for teniposide in the treat-
ment of childhood brain tumors.135,136

TOPOISOMERASE I POISONS

Topoisomerase I poisons produce DNA strand breaks by
forming a ternary complex with DNA and the topo-
isomerase I enzyme. Optimal binding of these agents to
topoisomerase I requires the presence of an intact alpha-
hydroxylactone moiety (E-ring). This lactone ring is labile
in aqueous solutions, undergoing reversible hydrolysis to
a relatively inactive open-ring carboxylate form that pre-
dominates at physiologic pH. Modifications of the A and
B rings of the pentacyclic backbone affect the water solu-
bility and protein binding of the various camptothecin
analogs. Topotecan and irinotecan are the most exten-
sively studied topoisomerase I poisons.

Topotecan
In preclinical studies, topotecan penetrated well into the
CSF of non-human primates137,138 and demonstrated
significant anti-tumor activity against human brain tumor
xenografts (glioma and medulloblastoma).139 These char-
acteristics provided a strong rationale to study the activ-
ity of topotecan against childhood brain tumors. Two
phase II studies of topotecan in children with refractory
or high-risk CNS tumors were thus performed, one eval-
uating a 24-hour infusion and the other evaluating a 
72-hour infusion. Topotecan was inactive in patients with
glioblastoma multiforme, brainstem glioma, and medul-
loblastoma in both studies. However, in each study, there
were several children who experienced prolonged peri-
ods of stable disease, including patients with low-grade
gliomas, malignant neuroepithelial tumor, ependymoma,
and optic glioma.140,141

The relative inactivity of topotecan in phase II clinical
trials may be related, in part, to the metabolic disposition
of this agent. The primary route of topotecan elimina-
tion is renal,142–144 although a small fraction of topotecan
is eliminated following oxidative metabolism to an 
N-desmethyl metabolite.145 The latter pathway becomes
clinically important in patients receiving concomitant
medications that induce oxidative metabolism, e.g. anti-
convulsants such as phenytoin, because there is a sub-
sequent marked increase in topotecan clearance and an
overall decrease in exposure that may affect drug effi-
cacy.146 Thus, higher doses of topotecan may be required
for patients receiving such medications. The interaction
between topotecan and enzyme-inducing anticonvulsants
was not recognized until after the completion of the
phase II studies. Therefore, it is possible that some of the
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patients enrolled in the phase II studies were relatively
underdosed compared with patients who were not receiv-
ing anticonvulsants. As a result of this uncertainty, a
study is under way to evaluate the efficacy of topotecan
in children with newly diagnosed medulloblastoma, and
who receive a four-hour infusion of topotecan daily for
five days, with the dose adjusted based on real-time phar-
macokinetic studies to achieve targeted topotecan plasma
concentrations. Results of this study should clarify the
activity of topotecan against medulloblastoma.

Irinotecan
Irinotecan is a prodrug that is converted by carbo-
xylesterase in the liver, intestinal tract, and some tumors
to an active metabolite, SN-38, which is 100- to 1000-fold
more potent than the parent irinotecan.147 Irinotecan has
shown promising activity against recurrent or progressive
glioma in adults.148 There is currently a COG phase II
study of irinotecan in children with CNS tumors. As 
with topotecan, however, concomitant administration of
enzyme-inducing anticonvulsants can increase drug clear-
ance, thus decreasing drug exposure and compromising
activity.148,149 As a result, there are ongoing studies in both
children and adults to define the maximum tolerated
dose of irinotecan in patients who are receiving these
drugs, so that an adequate evaluation of the activity of
irinotecan in these patients can be made.

Vinca alkaloids

In an early study of vincristine in children with recurrent
brain tumors, eight of 17 children showed neurologic
responses after treatment with weekly vincristine.150

Vincristine is currently a part of many first-line combi-
nation chemotherapy regimens for children with brain
tumors, although part of this widespread use may be
attributed to vincristine’s lack of overlapping toxicities,
particularly myelosuppression, when administered with
other cytotoxic agents.

Antimetabolites

Antimetabolites are not used widely in the treatment of
pediatric brain tumors. Methotrexate in high doses
administered with leucovorin rescue may have some activ-
ity in limited tumor types.151 Low-dose, orally adminis-
tered methotrexate is not active.152

Corticosteroids

Corticosteroids are commonly administered in high doses
to patients with brain tumors in an attempt to decrease
tumor-related edema and therefore ameliorate symptoms.
This activity is believed to related to steroid-induced
decreases in blood–brain barrier permeability (reviewed

by Koehler153). However, some evidence suggests that
these same mechanisms of action may have a negative
impact on the anti-tumor efficacy of chemotherapy. In
preclinical studies, administration of dexamethasone to
rats with experimental brain tumors reduced uptake of
cisplatin into areas of the brain surrounding the tumor,
although uptake into the tumor itself was not affected.154

Although clinical data are limited, MRI studies suggest
that dexamethasone may reduce vascular permeability
across the blood–tumor barrier in patients with brain
tumors.155 Currently, there is insufficient evidence to
indicate that corticosteroid therapy has a negative effect
on anticancer therapy; however, it is generally recom-
mended that corticosteroids not be used as antiemetics
in the treatment of patients with CNS tumors.

Novel agents

ANTI-ANGIOGENIC AGENTS

Abnormal angiogenesis has been implicated in the devel-
opment of many tumor types, including brain tumors. It
presents an attractive strategy for the targeted develop-
ment of new anticancer agents. Among the anticancer
agents investigated recently, or being studied currently, in
brain tumors are SU5416, a small molecule inhibitor of
vascular endothelial growth factor, TNP-470, a fumagillin
analog, and thalidomide. A comprehensive review of this
topic has been published by Kirsch and colleagues.156

Although anti-angiogenesis represents an exciting area of
new drug development, it is too early to know whether
any of these anti-angiogenic agents will have a place in
the treatment of childhood brain tumors.

STI-571

The tyrosine kinase inhibitor Gleevec (STI-571) compet-
itively inhibits the bcr-abl tyrosine kinase that results
from the Philadelphia (9,22) chromosome transloca-
tion in chronic myelogenous leukemia.157,158 In addition,
Gleevec also inhibits platelet-derived growth factor
(PDGF) receptor, stem cell factor (SCF) receptor, and 
c-kit-mediated signaling.159–161 Since PDGF may play a
role in brain tumors, particularly gliomas,162 early stud-
ies of Gleevec for the treatment of pediatric brain tumors
are under way in children with newly diagnosed brain-
stem gliomas and in children with refractory or progres-
sive high-grade gliomas.

CONCLUSIONS AND DIRECTIONS FOR
FUTURE RESEARCH

Multimodality therapy has improved the outcome of some
childhood brain tumors. Some CNS tumors types, how-
ever, remain refractory to current therapeutic modalities.
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Future research must be directed towards identifying 
the reasons for intrinsic resistance to therapy and for 
disease recurrence after initially successful therapy. New
chemotherapeutic agents must be identified that can
overcome drug resistance. As our understanding of the
molecular pathogenesis of pediatric brain tumors
improves, the use of specifically targeted agents to treat
these tumors must be investigated. In addition, we must
actively evaluate new drug-delivery strategies for the
treatment of childhood CNS tumors.
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INTRODUCTION

Due to the misconception that the low-grade astrocytic
tumors are uniformly benign neoplasms curable by sur-
gery alone, there has been widespread and long-lasting
underestimation of the diagnostic and therapeutic chal-
lenges posed by these tumors. This chapter and Chapter
13b will detail the broad spectrum of presentation, bio-
logic behavior, and basic management strategies for the
group of histopathologically variable tumors categorized
as low-grade glioma.

EPIDEMIOLOGY

Low-grade gliomas comprise approximately 30–40 per cent
of all primary brain tumors of childhood. Their annual
incidence varies between 10 and 12 per million children
under the age of 15 years in Western countries (France,
USA, Scandinavia) and between three and five per million
children under the age of 15 years in China and Japan.1

Low-grade gliomas may occur at any age. The mean
age of diagnosis varies but ranges between six and 11 years.
Some subgroups of low-grade glioma, such as desmo-
plastic infantile ganglioglioma/astrocytoma (DIG/DIA),
peak at a different age. There is no general consensus
concerning the impact of age on the risk of disease pro-
gression. The male/female overall ratio is 1.2 to one.1

However, some diagnoses, such as DIG/DIA, show a
more marked male preponderance.

Familial and heritable disease associations

There is a striking association of specific variants of low-
grade glioma and heritable diseases, which, in part, may
serve as a model for cancer development.

NEUROFIBROMATOSIS TYPE 1

Neurofibromatosis type 1 (NF-1) in both its familial and
sporadic forms is caused by mutations within the Neu-
rofibromin gene located on the long arm of chromosome
17 (17q11.2). This evolutionary, highly conserved gene
spanning 350 kb of genomic DNA is organized in more
than 50 exons. Transcripts have been found to be tissue-
and cell-type-specific and to be expressed differentially
in neurons and glia.2,3 Highest levels of the gene product,
neurofibromin, have been detected within the central and
peripheral nervous systems and in the adrenal glands.

The NF-1 gene can be regarded primarily as a histo-
genesis control gene, which also functions as a tumor
suppressor gene.4 While the occurrence of two inde-
pendent mutations for the rise of malignant tumors
seems to be the case for malignant neurofibrosarcoma, it
is doubtful that this model also explains the development
of low-grade astrocytic lesions in NF-1.

Low-grade gliomas, primarily of the optic nerves and
diencephalon, but also of other regions of brain, arise in
5–15 per cent of patients with NF-1.5–9 Up to 50 per cent
of patients with visual pathway gliomas will have NF-1;
an even higher proportion of those with isolated optic
nerve gliomas will have this condition.10–13 Since the
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presence of an optic pathway glioma puts NF-1 patients
at risk for later development of other, even more malig-
nant, brain tumors, there may exist a subset of NF-1
patients with increased vulnerability for glial tumors. It is
unresolved as to whether specific genetic mutations of
the NF-1 gene, or the effects of modifying genes or other
modifying factors, predispose to the evolution of visual
pathway gliomas in NF-1.9,14

TUBEROUS SCLEROSIS

Tuberous sclerosis complex is an autosomal dominantly
inherited multisystem disorder characterized by wide-
spread hamartomas in almost every organ, but predomi-
nantly brain, kidneys, liver, heart, skin, and eyes. Molecular
studies have shown mutations on chromosomes 16p13 and
9q34. The presence of subependymal giant-cell astrocy-
toma is one of the major diagnostic criteria.15 The tumors
appear with increasing frequency throughout childhood,
reaching an incidence of 15 per cent in adolescence.16

LI–FRAUMENI SYNDROME

Low-grade astrocytomas occur with increased incidence
in Li–Fraumeni syndrome, a genetic condition charac-
terized by an excessive aggregation of tumors in more
than two generations or in siblings, by the occurrence of
tumors at an unusual age for the tumor type or in an
atypical gender, and by the sequential appearance of other
cancers in the same individual, associated with genetic
disorders and birth defects.17–19 A germ-line mutation in
the p53 locus on chromosome 17p13 triggers the suscep-
tibility to develop multiple tumors, among which brain
tumors are frequently encountered. Children present
mainly with medulloblastoma/primitive neuroectodermal
tumor (PNET) or choroid plexus tumors, but astrocytic
tumors associated with the Li–Fraumeni syndrome
occur mainly in the third and fourth decades of life.20

Other associations

Although radiation-induced brain tumors are mostly
meningioma or high-grade glioma, low-grade gliomas
may also occur.21 Even among children irradiated for tinea
capitis, long-term follow-up has disclosed the develop-
ment of intracranial tumors, including low-grade glioma,
after long latency periods.22

DETERMINANTS OF BIOLOGIC BEHAVIOR

Despite repeated attempts of conventional karyotyping
and comparative genomic hybridization, specific gene loci
with frequent alterations have not been characterized 

in childhood low-grade glioma, unlike in adult glioma,
where progressive DNA alterations within one given
tumor representing progressive degrees of malignancy
have been found.23,24

The World Health Organization (WHO) suggests a
role for the (altered) NF-1 gene or its signal transduction
pathway in the development of sporadic juvenile pilo-
cytic astrocytoma (JPA), although this has not been
proven by specific gene deletions or changes of gene
expression. Occasionally in cases of sporadic pilocytic
astrocytoma, there is loss of chromosome 17q, including
the region of the NF-1 gene, without a specific muta-
tion.25,26 Even the differential expression of some NF-1
transcripts does not separate reactive and neoplastic
astrocytes.

Unlike the adult experience, in children the DNA
index possesses no independent prognostic significance
when survival is stratified by tumor grade.27 All types of
low-grade glioma are characterized by a biologically indo-
lent growth pattern that is not explained well by histo-
logical features. However, even after incomplete surgical
resections, some tumors do not exhibit growth for extended
periods of time. Alterations in blood supply, decelerating
growth kinetics within the tumor over time due to a
change in the ability of the tumor to maintain an adequate
level of autocrine growth factors (e.g. epidermal growth
factor receptor (EGFR), c-erbB-2 oncoprotein, trans-
forming growth factor alpha (TGF-�)), and an increase
in the spontaneous rate of apoptosis could contribute to
this erratic pattern of growth.28–30

There are other speculations about factors responsible
for tumor growth. In adults, the presence of a higher pro-
liferation rate, as identified by Ki-67/MIB-1-staining,
elevated levels of vascular endothelial growth factor
(VEGF), and downregulation of neural cell adhesion
molecule (N-CAM) correlate with a higher rate of tumor
progression.31–33

For childhood low-grade glioma, no unequivocal find-
ings have been established. In general, non-aggressive
behavior has been correlated with a low rate of DNA syn-
thesis, as reflected by the bromodeoxyuridine labeling
index.34 However, the proliferation associated marker Ki
67 and its equivalent, MIB-1, for formalin-fixed, paraffin-
embedded tissue, present in G1, S, G2, and M phases,
but not in G0,35 has shown marked variability without
clear-cut correlation with natural behavior. Studies have
correlated the MIB-1 staining index with recurrence in
low-grade glioma.32,36,37 A cut-off value of more than
one per cent could be established for progressive pilocytic
astrocytoma of the visual pathways by some authors,38

but it was not confirmed as a predictive value.39 Malignant
progression and unfavorable prognosis might follow the
additional clonal expansion of p53-mutated tumor
cells,40,41 whereas p53 mutation by itself does not seem to
predict aggressive tumor behavior.42
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CLASSIFICATION

See Chapter 5.

GENERAL PRINCIPLES OF TREATMENT
STRATEGY

Diagnosis

Reflecting the generally low proliferative potential of low-
grade astrocytic tumors, clinical signs and symptoms
evolve gradually in most cases. First symptoms may be
traced back for years, but rapidly progressive signs can be
noted as well.

Focal neurological signs and symptoms of increased
intracranial pressure may be present, varying according
to the location of the primary tumor. Focal neurological
signs are related directly to the functional brain area at
the site of tumor growth and are described in the respec-
tive sections.

Neuroimaging

See Chapter 7.

Histologic confirmation

Despite considerable recent advances in neuroimaging,
there still is a need for histologic confirmation of the
majority of lesions suspected to be low-grade tumors.
Biopsy, either by open surgery or by stereotactic tech-
niques, confirms the presence of a neoplasm and, if specific,
the tumor type. It also provides prognostic information
from histologic and molecular features.

Surgery is the first therapeutic step when approaching
most pediatric low-grade gliomas.43,44 There are a few
clearly defined situations that do not require surgery and/
or biopsy or resection. Unresectable, dorsally extending
optic pathway gliomas will be of low-grade, usually pilo-
cytic, histology in patients with NF-1, especially if there
is unequivocal, extensive, and contiguous involvement of
the visual pathways. Tumors should present the typical
hypodense appearance on plain computed tomography
(CT) scans. If these characteristics are not met, then
biopsy of the tumor should be undertaken (Figure 13a.1).

BASIC CONSIDERATIONS CONCERNING 
TREATMENT STRATEGY

Analyzing overall survival as outcome parameter for the
success of a given treatment strategy may not be ade-
quate in low-grade astrocytic tumors. Since long phases

(10–15 years) of patient survival are common, and since
survivors will experience late effects of all treatments
applied, it is pertinent to evaluate the additional damage
produced by any therapeutic measure.

Surgery

There is general consensus that primary surgical excision
is the treatment of choice for almost all low-grade tumors
at diagnosis and even at recurrences (Table 13a.1). Spe-
cialized imaging may help to trace the tumor margins
and thereby permit the surgeon to spare critical func-
tional areas.44–46 Since these lesions are generally well
demarcated with apparently minimal invasion of the 
surrounding brain tissue, they can be resected totally in
some regions, such as the cerebellum and cerebral hemi-
spheres. However, pathological review has shown that
two-thirds of the tumors infiltrate the surrounding
parenchyma, particularly the white matter.47 Recent
reports indicate that total removal is possible in up to 
90 per cent of cerebral hemispheric gliomas48 and in two-
thirds of cerebellar astrocytomas.49 Long-term follow-up
shows survival rates after complete resection above 
90 per cent.48,50–55 However, even in these cohorts, a small
percentage of progression occurs over time, justifying long-
term follow-up, particularly after a second resection.

Many tumors, however, are not amenable to complete
resection because of location or growth characteristics.
In such circumstances, surgery is limited to biopsy. Stable
disease for extended periods of time has been described
following subtotal resection or less for tumors in almost
all regions of the brain and spine. The literature would
suggest a poorer long-term prognosis for such patients, as
compared with those with totally resected lesions, 15–50
per cent survival at ten years being reported in all anatom-
ical locations, with a high rate of early progression.49,53,55–58
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Figure 13a.1 Decision-making process for biopsy of a
chiasmatic-hypothalamic tumor.



For cerebral hemispheric and cerebellar astrocytoma,
the volume of residual tumor has proved to be the best
predictor of the risk of disease progression.45,49 For hypo-
thalamic or visual pathway tumors, however, Janss and
colleagues have shown that tumor volume at diagnosis
does not predict the need for subsequent treatment with
surgery or adjuvant chemotherapy.59 In their series of
46 patients, only 23 per cent and 19 per cent had avoided
interventions at two and five years, respectively.

There has been debate advocating tumor management
with radical rather than conservative surgery, even for
children with midline supratentorial glioma, in order 
to reduce the rate of progression.57,58,60 Since radical sur-
gery cannot achieve complete resection in every case, the
late consequences of such intervention need to be bal-
anced against the chances of relieving severe symptoms or
saving life.58

Wait-and-see approach

After complete resection of a childhood low-grade glioma,
no further therapy is generally required. A period of
close observation – “wait and see” – is also usually 

recommended for those children who did not undergo
surgery and for whom macroscopic residual disease was
left after surgery if there is no clinical evidence of symp-
tomatic or progressive disease on imaging (Table 13a.2).

Since no clear-cut predictive clinical, biological, or
histopathological features have been determined, it can-
not be predicted with certainty which low-grade tumors
will show an indolent clinical behavior and which will
run an aggressive course. It is not known whether all low-
grade tumors possess proliferative potential; therefore, it
is unclear whether all low-grade gliomas ultimately need
treatment.

Spontaneous involution has been unequivocally doc-
umented only rarely. Perilongo and colleagues reported
two children with NF-1, in whom contrast-enhancing,
space-occupying lesions regressed widely without any
therapeutic intervention throughout observation peri-
ods of six and ten months, respectively, with stable dis-
ease thereafter.61 Similar courses with regression occurring
within two years after diagnosis have been reported for
other children with NF-1,61 whereas in patients without
NF-1 the phenomenon of tumor regression of a low-
grade lesion has primarily been described following pre-
vious partial resection or biopsy.62 All of these tumors
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Table 13a.1 Surgery: recommendations and points of discussion

Procedure Known/recommended Points of discussion

Biopsy Indicated in all cases of LGG to obtain tissue for Is biopsy indicated in case of unequivocal 
diagnosis and biological investigation if neuroradiologic evidence of optic pathway glioma or 
appropriate hypothalamic-chiasmatic LGG in children without NF-1?

Not indicated in cases of unequivocal neuroradiologic
evidences of optic pathway glioma in children with NF-1

Surgical Complete resection represents the cure for most Are debulking procedures to be recommended in case
resection childhood LGG of a non-symptomatic exophytic hypothalamic 

Complete surgical resection indicated if achievable “safely” chiasmatic glioma?

(cortical/cerebellar/exophytic brainstem/spinal LGG)

Debulking surgical procedures may be indicated in cases of
symptomatic exophytic hypothalamic chiasmatic glioma
(e.g. associated with hydrocephalus)

Always indicated in cases of pure optic nerve glioma of an
already blind and/or proptotic eye with important aesthetic 
consequences

LGG, low-grade glioma; NF-1, neurofibromatosis type 1.

Table 13a.2 Initial observation time: recommendations and points of discussion

Known/recommended Points of discussion

Initial observation time always recommended in cases of Does immediate treatment improve the progression-free 
complete tumor resection and in cases of survival and quality of life of older children with an 
unresectable, non-progressive, and/or non-symptomatic  unresectable, non-progressive, and/or non-symptomatic 
LGG affecting “young” children and affecting NF-1 LGG?
patients regardless of age

LGG, low-grade glioma; NF-1, neurofibromatosis type 1.



had been located in the chiasmatic-hypothalamic region.
For lesions in children with NF-1, tumor regrowth within
the extended follow-up period has been reported.61,63

Whether massive apoptosis, as claimed by Takeuchi 
and colleagues for one of their cases,64 underlies the 
phenomenon of spontaneous regression remains to be 
elucidated.

Radiotherapy

Although radiation therapy has been the standard treat-
ment for low-grade glioma for many years, the optimal
approach is a matter of debate (Tables 13a.3 and 13a.4).
Radiotherapy alone is utilized primarily in tumors not
amenable to surgical resection. Its role as an adjunct 
to surgery and its impact on progression-free and overall
survival is difficult to assess. A benefit of radiotherapy on
survival has been detected in selected subgroups of adult 
patients with subtotally resected low-grade astrocytomas,
oligodendrogliomas, and oligoastrocytomas. However,
a survival advantage with radiotherapy is less certain 
for children undergoing either total or subtotal resec-
tion.50,65–68 Since the treatment was not randomized in
the published series, selection for this treatment modal-
ity may have led to the inclusion of patients with more
aggressive tumors in the radiotherapy group. In gliomas
of the optic pathway, radiotherapy plays a role in the
improvement or stabilization of visual function.10

The optimal timing of radiotherapy is an unsettled
issue. In childhood low-grade glioma, routine irradiation
after complete resection is not applied. In those cases in
which less than a complete resection was performed,
there is considerable controversy in the literature as to
whether to proceed with adjuvant radiotherapy. Despite
a significantly higher progression-free survival rate in some
series, an advantage for overall survival was not generally
observed with immediate postoperative radiotherapy.50,65

The effect of radiotherapy after chemotherapy has
failed is largely unknown. In children under the age of five
years and in whom radiotherapy has been postponed by
chemotherapy, those that progress following irradiation

most likely represent a cohort with poor prognostic 
features.59 In older children, the subsequent progression-
free survival and overall survival do not differ from patients
having received radiotherapy as first-line treatment.69

The optimum dose for radiation therapy in childhood
low-grade glioma has not been well established. The
selection of dose prescriptions is influenced strongly by
patient age, extent, and site of tumor, with a tendency to
a lower dose in younger children with larger tumors
(larger treatment portals); consequently, the reported
results are conflicting (Table 13a.5). Recently recom-
mended and generally accepted dose prescriptions range
between 50.4 and 54 Gy. These dose levels are not associ-
ated with a significant risk for visual dysfunction or
radionecrosis, provided that the fractionated dose does
not exceed 2.0 Gy.

Although stereotactic biopsies have shown tumor
cells extending beyond imaging abnormalities, accumu-
lated data support the use of localized fields to treat 
low-grade gliomas.70 In childhood low-grade glioma,
local failure is the predominant feature in progressive or
recurrent disease, and leptomeningeal spread is a rare
event.71 This implies that treatment fields encompassing
the tumor are appropriate.70

In studies where there is imaging evidence of response,
this may take place gradually over a period of years.72,73

In many cases, such shrinkage is not related directly to
tumor control or improvement of symptoms. Short-term
treatment-related changes on magnetic resonance imaging
(MRI) might be misleading and should be distinguished
from tumor progression.74

Stereotactic irradiation techniques in conjunction with
rigid head-fixation systems comprising single high-dose
delivery (“radiosurgery”), fractionated convergence ther-
apy, and fractionated three-dimensional conformal ther-
apy are new techniques to improve the therapeutic ratio 
by focusing the dose to tumor while sparing surrounding
normal tissue. Although these techniques are well estab-
lished in adults, data for childhood central nervous system
(CNS) malignancies, in particular low-grade glioma, are
scarce (Table 13a.6). The direct correlation between radia-
tion dose and tumor control suggests the strategy of
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Table 13a.3 Radiotherapy: recommendations and points of discussion

Known/recommended Points of discussion

Represents the gold standard of treatment of “old” children Does radiotherapy improve overall survival in children
affected by small unresectable progressive or symptomatic LGG with unresectable progressive or symptomatic LGG?

Indicated in children with unresectable progressive or What are the most effective doses?
symptomatic LGG after having failed chemotherapy Do highly focused radiotherapy techniques (e.g. 

conformational or stereotactic fractionated 
radiotherapy) have the same local tumor control rates 
as conventional techniques?

LGG, low-grade glioma.



Table 13a.4 Survival after radiotherapy with and without surgery, surgery alone, or surveillance of low-grade glioma in childhood

Survival

Ref. Period Patients (n) Tumor Treatment Progression-free Overall Follow-up

106 1977 16 Optic glioma RT 3.5–65.0 Gy n.m. 5/10 years 80%, 1–14 years 
12/16 patients alive (mean 6.3 years)

107 1956–1977 18 Optic glioma RT 50–60 Gy, FD n.m. 5 years 83%, 10 years 73% 1–19 years
1.8–2.5 Gy

108 1950–1975 42 Chiasmal glioma RT alone 35–60 Gy, n.m. Anterior chiasmal glioma: n.m.
FD n.m. 5 years 91.7%, 10 years 72.4%

Posterior chiasmal glioma: 
5 years 87.7%, 10 years 40%

109 1951–1981 29 Optic glioma RT 45–50 Gy, FD 5 years 100%, 5 years 100%, 10 years 93% 1–30 years (median 
1.8–2.0 Gy 10 years 90% 10 years)

110 1953–1984 36 Optic glioma RT, 24 patients; RT in 10 years 55% 10 years 87% 7 months–33.4
progressive disease,  years (mean 
12 patients: 35–61 Gy, 9.4 years)
FD 1.5–2.0 Gy

111 1961–1984 14 Optic nerve glioma RT alone 40–56 Gy, 5 years 90% (3/14), 5 years 100%, 1–20 years 
FD n.m. 10 years 60% (5/14) 10 years 100% (median 8 years)

112 1965–1983 36 Glioma of optic RT 38.0–56.86 Gy, n.m. 5 years 94%, 10 years 31%, 2–21 years 
nerve and chiasm FD 1.4–2.0 Gy 15 years 31% (mean 10.3 years)

113 1956–1986 33 Glioma of optic Surgery � RT, 22 patients; 5 years 85%, 5 years 94%, 2–31 years 
nerve and chiasma RT alone, 11 patients: 10 years 75%, 10 years 81%, (mean 12.3 years)

37.86–61 Gy, 15 years 75% 15 years 74%
FD 0.76–2.0 Gy



114 1971–1986 24 Optic glioma RT alone 45–56.6 Gy, 6 years 88% 6 years 100% 24 months–17 years 
FD 1.8–2.0 Gy (median 6 years)

72 1970–1986 57 Chiasm glioma RT alone 40–60 Gy, 5 years 89.05%, 5 years 83.5%, 2.5–16.5 years 
FD 1.45–2.15 Gy 10 years 82.0% 10 years 83.5% (mean 7.5 years)

66 1958–1990 87 Optic glioma RT 36–55.12 Gy, 5 J (a/b): 80%/64%; 5 J (a/b): 94%/95%; n.m.
FD 1.8–2.0 Gy; RT  10 J (a/b): 73%/64%; 10 J (a/b): 79%/92%; 
(a) 38 patients, surveillance 15 J (a/b): 65%/64% 15 J (a/b): 69%/80%
(b) 49 patients

50 1956–1991 71 Hemispheric glioma RT dose n.m.,  10 years (a/b/c/d), 10 years (a/b/c/d), 1–420 months
(a) postoperative RT  83%/75%/82%/40% 90%/97%/89%/94% (median 99 months)
(35 patients), (b) surveillance 
(35 patients), (c) postoperative 
RT after incomplete resection 
(33 patients), (d) surveillance after 
incomplete resection (16 patients)

115 1973–1994 33 Optic and RT 40–60 Gy, FD 5 years 82%, 5 years 93%, 0.5–16 years 
hypothalamic glioma 1.8–2.0 Gy 10 years 77% 10 years 79% (mean 13.6 years)

116 1984–1994 142 All sites Patients with progressive n.m. 4 years 65% n.m.
tumors: 13 surgery, 30 RT 
38–72 Gy (median 54 Gy)

117 1963–1995 19 all sites RT (for macroscopic tumor) 5 years 88%, 5 years 94%, Median 5.6 years
median 54 Gy, FD 1.8 Gy 10 years 68% 10 years 80%

73 1975–1997 25 Optic glioma and  RT 45–60 Gy, FD 1.6–2.0 Gy 10 years 69% 10 years 94% 1.5–23.0 years
thalamic glioma (mean 9 years)

69 1992–1999 96 All sites RT in progressive disease: 81 3 years 87.1% 3 years 95.7% 0–96 months 
patients, 54 Gy, FD 1.8 Gy; (mean 19.4 months)
brachytherapy: 15 patients, 60 Gy

FD, fractional dose; n.m., not mentioned; RT, radiotherapy.



increasing dose levels within macroscopic tumor. Prelimi-
nary data reveal low acute toxicity and promising results
in recurrent tumors as well as in primary treatment.74–81

Whether stereotactic radiation therapy with either of the
latter techniques will add substantially to disease control
and preserve neurologic function remains to be estab-
lished and should be part of future investigations.

Chemotherapy

Investigation of chemotherapy treatment strategies for
young children under the age of five years assumed a
high priority to avoid early radiotherapy, especially for
those with visual pathway gliomas (Table 13a.7). Several
reports produced evidence that cytotoxic drugs are active
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Table 13a.5 Progression-free survival (PFS) in children and adults with low-grade glioma: dose–response relationship
(retrospective analyses)

Ref. Patients (n) Total dose (Gy) Fractionated dose (Gy) PFS (5 years) PFS (10 years) P

118 171 45.0 1.8 47% Not reached NS
172 59.4 50%

106 7 	42 n.m. 43% n.m. n.m.
9 
50 100%

108 13 35–45 n.m. Relapse rate 11/13 n.m. n.m.
29 50–60 Relapse rate 8/29

119 52 �45.0 n.m. 80% 65% n.m.
62 �45.0 65% 55%

112 12 �45.0 Calculation according 100% 0.045
12 �45.0 to nominal standard dose 75%

113 3 �40.0 n.m. 0% 0% �0.0001
30 �40.0 90% 79%

66 19 �50.0 n.m. 88% 88% 0.37 (NS)
15 �50.0 72% 57%

73 9 44–45 1.6–2.0 87% 36% 0.04
16 45.1–60 90% 85%

n.m., not mentioned; NS, not significant.

Table 13a.6 Stereotactic fractionated and high single-dose radiotherapy (“radiosurgery”) in childhood low-grade gliomas

Follow-up
Ref. Technique Patients Outcome (months)

120 Fractionated convergence therapy 11 (initial RT),  No acute side effects, 1 16
(5 � 1.8–2.0 Gy/45–54 Gy) � dose 9 (recurrence) CR, 19 PR/SD, overall 
escalation 60 Gy survival 100%

77 High single-dose (“radiosurgery”), 7 patients,  No acute side effects, 1 CR, 21
dose 12 Gy 8 tumors 4 PR, 3 SD, overall survival 100%

78 High single-dose (“radiosurgery”), 13 4 transient edema, 4 CR, 5 PR, 2 21
dose 11–20 Gy SD, 2 PD, overall survival 100%

80 High single-dose (“radiosurgery”), 9 PFS 100%, overall survival 100% 19
dose 15 Gy

79 High single-dose (“radiosurgery”), 2 No side effects, decrease in tumor size 24–43
dose 12–14.4 Gy and improvement of vision in both patients

74 Fractionated convergence therapy 28 Overall survival 100%, decrease in  24
(5 � 1.8–2.0 Gy/52.2–60.0 Gy) tumor size in 15 patients, stable tumor  

size in 1 patient, increased tumor size
(transient, 15–21 months) in 13 patients

75 Hypofractionated convergence therapy 8 1 edema, 1 edema � tumor necrosis, 1 tumor 42
(median total dose 39–18.0–42.0 Gy in necrosis, 5-year PFS 60%, overall survival 100%
6–10 fractions)

76 Fractionated conformal radiotherapy 10 PFS at 5 years 90%, overall survival 12–72
(median total dose 52.4 Gy/1.6–2.0 Gy 100%, no acute toxicity
fractionated dose)

CR, complete response; PD, progressive disease; PFS, progression-free survival; PR, partial response; SD, stable disease.



against low-grade astrocytic tumors and that they may
permit delay or obviate the need for radiation therapy.
Although short-term efficacy with transient tumor con-
trol is the primary target for these approaches, no data exist
to clarify the role of chemotherapy for long-term outcome.

Measuring response by conventional criteria, such as
complete response or partial response (tumor volume
reduction of �50 per cent) may not be appropriate for
low-grade astrocytoma, as prolonged stable disease may
be a better measure of success.13

Limited studies suggest that chemotherapy has little
or no adverse effects on cognitive or endocrine function,
but the inherent long-term risks concerning organ toxic-
ity and carcinogenic and mutagenic risks have to be fol-
lowed closely.

Reports on the effectiveness of chemotherapy in low-
grade glioma have comprised newly diagnosed as well as
relapsed patients treated with single agents or drug combi-
nations for variable lengths of time. Table 13a.8 focuses on
response only, since survival and progression-free or event-
free survival data are not available for the smaller series and
cannot be compared due to the diverse study conditions.

SINGLE-AGENT THERAPY

The effect of single-agent therapy has been assessed for
vincristine, carboplatin, etoposide, and cyclophosphamide.
Radiographic response rates, including complete and 
partial response as well as stable disease, range from 54 
to 75 per cent, being sustained for three years in up to 
83 per cent.82–89 High-dose ifosfamide and oral low-dose
methotrexate have demonstrated comparable but short
lived responses.90,91 No conclusive data have been published
on the use of topotecan or temozolomide.92,93

COMBINATION-AGENT THERAPY

Since the first report on the delay of radiotherapy following
prolonged administration of vincristine and actinomycin D

in 24 children,94 several series have showed objective
response rates of 50–65 per cent, including stable disease
of 80–90 per cent, for various combinations of carbo-
platin and vincristine.13,95–97 Progression rates have been
around 35 per cent at three years, indicating that two-
thirds of the children do not have to be irradiated within
this interval.13 Children with stable disease after treat-
ment have the same progression-free interval as those with
measurable response.13 Carboplatin has well-known
myelotoxicity but only minor nephro- and ototoxicity.
Allergies have been reported in 6–30 per cent of children
treated with repeat doses.13,96,97

Comparable results have been obtained with high-dose
carboplatin in combination with etoposide.11,98 More
short-lived responses followed therapy with etoposide
and vincristine.99

A five-drug, nitrosourea-based regimen prompted a
response rate of 95 per cent, including stable disease, with
median time to progression of 132 weeks.100,101 Given the
differences in patient age at diagnosis and tumor location,
these data are not directly comparable with those of
carboplatin/vincristine.

There are also approaches to intensify chemotherapy
in an attempt to increase overall response and ultimately
disease control. The French multiagent protocol, originally
intended to treat medulloblastoma and PNET, has been
investigated for spinal, chiasmatic-hypothalamic, and low-
grade astrocytoma.102 Response rates and progression-
free survival rates are virtually identical to those obtained
with carboplatin/vincristine. However, progression-free
survival seems higher for children with a significant
objective response than for those with a minor response
or stable disease.

The first study to randomize chemotherapy in newly
diagnosed chiasmatic-hypothalamic low-grade astrocy-
tomas, using either the carboplatin and vincristine regimen
or the five-drug nitrosourea-based regimen (6-thioguanine,
procarbazine, dibromodulcitol, CCNY (lomustine), and
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Table 13a.7 Chemotherapy: recommendations and points of discussion

Known/recommended Points of discussion

Stabilizes tumor growth for relatively long periods of time, What are the long-term effects of chemotherapy? 
allowing significant tumor volume reduction in many cases Does chemotherapy represent the first line of treatment for all
Indicated in young children with unresectable progressive or children with unresectable progressive or symptomatic,
symptomatic LGG hypothalamic-chiasmatic LGG regardless of age?

Indicated in all children with NF-1 and affected by What are the most important prognostic factors in children
unresectable progressive or symptomatic LGG, treated with chemotherapy for progression and radiation
regardless of age free-survival?

What are the most effective and “safe” drugs?

How long should these children been treated?

Does chemotherapy induce chemo- and radio-resistance?

LGG, low-grade glioma; NF-1, neurofibromatosis type 1.



Table 13a.8 Chemotherapy for low-grade glioma: response assessment

Treatment Assessment of Time of 
Drug(s) Ref. Patients (n) Dose/m2 interval response by assessment CR PR MR SD PD

Carboplatin 85 R 7 560 mg 4 weeks CT/MRI 8 weeks 5 2
87 ND 4, R 2 560 mg 4 weeks MRI 8 weeks 6
82 ND 12 560 mg 4 weeks 4 6 2

Iproplatin 85 R 15 270 mg 3 weeks CT/MRI 6 weeks 1 10 4
Cyclophosphamide 121 4 4–5 g 4 weeks MRI No information 2 1 1

122 R 6, diss. 4 4–5 g 4 weeks 5 1 3 1
88 ND 15 1.2 g 3 weeks CT/MRI 12 weeks 1 9 5

Ifosfamide 90 R 6, diss. 4 3 � 3 g 3 weeks CT/MRI 6 weeks 1 3 2
Temozolomide CCG (unpublished) R 20 5 � 200 mg 4 weeks CT/MRI 8 weeks 1 8
MTX 91 R 10 7.5 mg � 8 (every 6 h) 1 week CT/MRI 2 months 2 5 3
Topotecan 92 R 2 5.5–7.5 mg 3 weeks CT/MRI 6 weeks 1 1

88 R 11 3–3.75 mg (CI) 3 weeks CT/MRI 6 weeks 5 6
Etoposide 83 R 14 chiasmatic- 50 mg � 21 days 5 weeks CT/MRI 8 weeks 1 4 3 6

hypothalamic
84 R 12 cerebellar 50 mg � 21 days 5 weeks CT/MRI 8 weeks 2 4 6

Vincristine � actinomycin D 94 ND 24 1.5 mg vincristine, 12-weekly 12 weeks 3 6 14 1
15 �g actinomycin D

Vincristine � carboplatin 95 ND 37 1.5 mg–175 mg Weekly CT/MRI 10 weeks 1 15 7 13 1
95 R 23 1.5 mg–175 mg Weekly CT/MRI 10 weeks 7 5 5 6
13 ND 78 1.5 mg–175 mg Weekly MRI 10 weeks 4 22 18 29 5
96 ND 132 1.5 mg–550 mg 3–4 weeks CT/MRI 10 weeks 5 56 49 22

Carboplatin � etoposide 11 ND 17, R 2 300–1000 mg carboplatin, 3–4 weeks CT/MRI 12–16 weeks 1 6 8 4
600 mg etoposide

Etoposide � vincristine 99 R 14, ND 6 1.5 mg–5 � 100 mg 6 weeks CT/MRI 1 3 11 5

TPDCV 100 ND 15 See ref. 6 weeks CT/MRI No information 11 2 2
101 ND 42 See ref. 6 weeks CT/MRI 6 weeks 15 25 2

BB SFOP 123 ND 84 See ref. CT/MRI

BB SFOP, Baby Société Francaise d’Oncologie Pédiatrique; CCG, Children’s Cancer Group; CI, confidence interval; CR, complete response; CT, computed tomography; diss., disseminated tumors; MR, minor
response (tumor volume reduction �50% but �25% of initial volume); MRI, magnetic resonance imaging; MTX, methotrexate; ND, newly diagnosed; PD, progressive disease (tumor volume increase �25%);
PR, partial response (tumor volume reduction �50%); R, relapsed; SD, stable disease; TPDCV, 6-thioguanine, procarbazine, dibromodulcitol, CCNY (lomustine), and vincristine.



vincristine; TPCDV), is still open for accrual and prelim-
inary data have not been published.

Indications for starting non-surgical therapy

In selecting the optimal strategy, the relative effectiveness
of surgery, chemotherapy, and irradiation must be bal-
anced against their potential complications. The risks of
delayed non-surgical treatment include irreversible neu-
rologic impairment and a potentially lower probability
of tumor control. General rules for initiating treatment
have not been universally agreed. Non-surgical therapy
for unresectable or incompletely resected tumors should
be considered at diagnosis for children presenting with
severe neurologic symptoms, such as diencephalic syn-
drome, focal neurologic deficits, convulsions, and increased
intracranial pressure. For children who have been observed
initially, clinical or radiographic progression, even in the
absence of clinical symptoms, may justify the necessity
for non-surgical treatment.13,59,81,103,104

Current treatment recommendations offer a common
strategy for all low-grade histologies (outlined in Figure
13a.2). The necessity for a tailored management of sub-
groups, possibly characterized perhaps by histology, loca-
tion, extent of surgical resection, or any other factor, have
yet to be defined.

Since older children are more likely to develop disease
progression while on chemotherapy,13 and since the ratio-
nale for delaying radiotherapy in older children, especially
if only for one to two years, is less clear, most studies 
contain a recommended age for the choice of chemother-
apy versus radiotherapy in progressive or symptomatic
tumors. Preliminary data suggest that children receiving
radiotherapy for tumor progression following initial
chemotherapy do not fare worse than those receiving
primary irradiation.69 The groups differ, however, with
respect to tumor histology and location in this study.

Since children with NF-1 are at a greater risk for
developing second tumors within the brain and carry 
a significant risk for vasculopathy, they may be treated
for visual pathway gliomas with chemotherapy even at
older ages.14,105

In summary, the principles that underlie the manage-
ment strategies for children affected by malignant CNS
tumors can be applied directly to children with low-grade
astrocytic tumor. Most of these patients are expected to
be long-term survivors, and thus their condition should
be considered as a chronic disorder rather than a life-
threatening neoplastic condition. Selection of treatment
approaches should involve careful consideration to the
impact of the tumor and its treatment upon future health
status. Furthermore, for a variety of reasons, many aspects
of their biology, clinical behavior, and consequently treat-
ment approach have still not been investigated well. Finally,
there is still a great deal to be learned about the tumor
biology, clinical behavior, and interaction with treatments.
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LOW-GRADE ASTROCYTIC TUMORS OF 
THE CEREBRAL HEMISPHERES

Management

For all hemispheric tumors, primary surgery is the most
important step within the therapeutic strategy. Further
steps such as radiotherapy and chemotherapy have to be
considered for children with incompletely resected tumors
and those with relapse according to the general lines
stated for low-grade glioma.

SURGERY AT DIAGNOSIS

The aim of surgery when a low-grade tumor is suspected
in this area of the brain is to remove the tumor in order
to relieve/arrest symptoms, which may be neurological
or epileptic.

Completeness of resection may be a function of pre-
operative tumor volume,1 irrespective of histology, and
should be confirmed by modern imaging techniques.
Among pediatric series, the rate of complete resections
varies between 30 and 95 per cent.2–4 Complete resection
is followed by long-term survival in over 90 per cent.2–6

On the other hand, preliminary data of the large nat-
ural history study conducted by the Children’s Cancer

Group (CCG) and the Pediatric Oncology Group (POG)
suggest that among 131 relapsing patients, 60 per cent
had had an initial resection of more than 95 per cent;
24 per cent (31/131) of these cases had tumors located in
the cerebral cortex.7

Incompletely resected tumors tend to progress. Time
to progression relates to the size of the postoperative
residue, with smaller tumors progressing for longer time
intervals.1,4 No difference for the influence of histologic
subtype upon progression-free survival has been shown,
but as a group patients with non-pilocytic astrocytoma
are less likely to have aggressive tumor resection.2,4 This
may imply that an aggressive surgical approach is justi-
fied even in the presence of the more infiltrative fibrillary
astrocytoma, despite ill-defined margins.

SURGERY AT RELAPSE/PROGRESSION

Children with recurrent/progressive low-grade glioma
should be subjected to a second attempt at total tumor
removal, which may be accomplished in about half of
cases.2,4

Non-surgical treatment

After extensive resection, residual tumors might either
enlarge slowly or remain quiescent, even in the absence
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of adjuvant therapy. Consequently, they are best managed
with close follow-up, with the option of adjuvant treat-
ment in progressive tumor growth. As for all sites of
low-grade astrocytoma, there is consensus that following
primary resection, non-surgical treatment is not indi-
cated for completely removed tumors but should be
reserved for children developing progression of an incom-
pletely removed tumor not amenable to second surgery.

Radiotherapy

Since extensive surgery is possible in many cases, the role
of radiotherapy must be seen in the context of resect-
ability. Even with incomplete tumor removal, prolonged
progression-free survival is commonly achieved, and lit-
tle benefit of radiotherapy can be expected for patients
undergoing total or incomplete resection. Radiotherapy
as primary treatment is recommended only when surgery
is limited to biopsy.8 In the series of Forsyth and col-
leagues, 51 patients with supratentorial pilocytic astro-
cytoma had an overall survival of 82 per cent at 10 and
20 years, 100 per cent for 16 patients undergoing com-
plete resection, and 74 per cent for 35 patients following
subtotal removal or biopsy.

The timing of radiotherapy following incomplete resec-
tion has therefore been variable. If offered immediately
following incomplete resection, a significant difference
in progression-free survival has been reported (at 10 years:
82 per cent with versus 40 per cent without radiotherapy),
but no difference for overall survival has been reported
(at 10 years: 89 per cent with versus 94 per cent without
radiotherapy). Additionally, in nine of 16 non-irradiated,
incompletely resected tumors, no progression was noted
during a median observation time of 68 months.4

Radiation doses for the treatment of childhood hemi-
spheric tumors have not been evaluated systematically.

Doses were not specified in the reports of Pollack and
colleagues4 and Gajjar and colleagues.2 They ranged from
40 to 59 Gy for 19 patients in the series of Wallner and
colleagues.5 Current recommendation is a tumor dose of
54 Gy with a daily fractionation of 1.8 Gy, applying mod-
ern techniques for treatment planning.9–11 The use of
hyperfractionation, although investigated for adults,12

has not been evaluated in children.
Stereotactic radiosurgery offers benefits for well-

circumscribed hemispheric lesions by either interstitial
or external technique due to its potential of sparing sur-
rounding tissue. However, the numbers of children that
have been treated are small.4,13–17

An issue that is frequently ignored is the role of radio-
therapy in improving focal neurologic deficits. In a series
of 15 children, seven of nine with focal neurologic
deficits improved following radiotherapy.18

Chemotherapy

Only occasionally have children with supratentorial hemi-
spheric astrocytic tumors been included in chemotherapy
trials in an attempt to defer radiotherapy. There is no
prospective, systematic evaluation of its effectiveness,
whereas the small numbers of children having received
chemotherapy for hemispheric glioma cannot always be
traced within the combined series. Reports are summa-
rized in Table 13b.1.19–27

Taken together, 22 children were treated with a variety
of chemotherapy regimens. Response was not given for
six cases, but 12 of 16 with a known response achieved a
partial or minor response or stable disease. There is just
one report of the use of concomitant chemoradiotherapy
for incompletely resected supratentorial low-grade astro-
cytoma in children. Seven of 15 patients had hemispheric
tumors. Following non-radical resection, three received
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Table 13b.1 Chemotherapy for pediatric supratentorial hemispheric low-grade glioma

Ref. Drug(s) Patients (n) CR/PR/IMP SD PD

24 BCNU, VCR, intrathecal 6 0/3/1 Not given Not given
MTX, Dexa

20 Carboplatin 2 0 1 1
23 Etoposide/VCR 5 0 2 3
25 CCNU/PRC/AZQ 1 0/0/1 0 0

Cyclo 1 0 1 0
26 Carboplatin 1 Not given Not given Not given
21, 22 Carboplatin/VCR 3 0/2/0 1 0
43 TCDPV 2 Not given Not given Not given
19 Carboplatin/etoposide 1 Not given Not given Not given
27 Cisplatin/VCR � RT 3 3/0/0 0 0

AZQ, aziridinylbenzoquinone; BCNU, carmustine; CCNU, lomustine; CR, complete response; Cyclo,
cyclophosphamide; Dexa, dexamethasone; IMP, improved; MTX, methotrexate; PD, progressive disease; PR, 
partial response; PRC, procarbazine; RT, radiotherapy; SD, stable disease; TCDPV, 6-thioguanine, CCNU (lomustine),
procarbazine, dibromodulcitol, and vincristine; VCR, vincristine.
Chemotherapy alone, n � 22: CR 0, PR 5, IMP 2, SD 5, PD 4, response not given 6. Chemoradiotherapy, n � 3: CR 3.



cisplatin and vincristine during focal irradiation with
50–54 Gy tumor dose at a daily fraction of 2 Gy, achiev-
ing complete remission.27

Although numbers are too small for definite con-
clusions, hemispheric low-grade astrocytomas seem to
respond to an equivalent degree to chemotherapy as low-
grade gliomas of other anatomical sites. Chemotherapy
may therefore be a treatment option for progressive low-
grade glioma of the cerebral hemispheres, especially in
young patients.

LOW-GRADE ASTROCYTIC TUMORS OF 
THE SUPRATENTORIAL MIDLINE

The management of diencephalic gliomas is dependent
on tumor location, clinical presentation, the presence of
NF-1, and age.

Isolated optic nerve glioma

For those children with isolated optic nerve gliomas,
treatment is highly dependent on the visual acuity of the
patient at the time of diagnosis and the degree of symp-
tomatology.28 In most patients with NF-1 and isolated
optic nerve gliomas, a period of observation is judicious
to see whether the tumor actually is progressing, since
many patients will have relatively stable disease for many
years without any specific form of intervention.29–32 In
patients with progressive orbital lesions not involving the
chiasm, and in those that have caused severe visual loss,
especially blindness, resection of the intraorbital portion
of the nerve (attempting to spare the orbit) is usually
undertaken to improve the cosmetic appearance of the
child and prevent spread of the tumor more posteriorly
into the chiasm.28 However, it is unclear how frequently
isolated orbital lesions will actually spread into the chi-
asm and even whether such surgery prevents infiltration.

In patients with relatively good visual acuity at the
time of diagnosis, such surgery is infrequently recom-
mended, since in the majority of patients diagnosis can
be based on typical imaging features alone.

In patients with falling visual acuity, radiation has
been utilized to attempt to maintain or improve vision.
In the majority of cases, such radiation, usually in the
range of 4500–5500 cGy, will at least stabilize vision and
result in a decrease in the amount of proptosis.33,34

However, radiation therapy does carry with it the risk of
secondary tumors in surrounding tissues and possibly
long-term facial disfigurement due to the effects of
radiation on the growth of bones in the orbital region.
Although chemotherapy has been used on an anecdotal
basis for patients with isolated optic nerve gliomas, there
are no data to support its efficacy.

Chiasmatic tumors

Treatment of patients with chiasmatic tumors is also 
partially dependent on the presence of NF-1. In asym-
ptomatic patients and in patients with apparently static
clinical symptomatology at the time of diagnosis, a
period of observation has been recommended before
specific treatment is started.30,32

SURGICAL TREATMENT

In patients with NF-1, biopsy is rarely required for diagno-
sis. In patients without NF-1, biopsy or surgical resection 
is most commonly recommended to confirm the type of
tumor present and possibly to debulk disease, especially in
children without contiguous orbital involvement. At sur-
gery, the majority of children will be found to have pilocytic
astrocytomas, but fibrillary astrocytomas may also occur.

In patients with large globular, especially cystic lesions,
such surgical debulking may result in a significant amount
of tumor removal, but this carries with it the risk of
increased visual impairment, especially visual field loss.35

An increase in visual impairment has been reported for
43–75 per cent of children.32,34–36

NON-SURGICAL TREATMENT

Following biopsy, especially in children without NF-1,
and also in those patients with NF-1 and progressive
symptomatology or radiographic progression on sequential
studies, treatment with either radiation or chemotherapy is
usually required.

Radiotherapy
Although the role of radiation therapy for children with
chiasmatic/hypothalamic gliomas has not been established
unequivocally, non-randomized studies have suggested
that doses of radiation between 5000 and 5400 cGy result
in tumor shrinkage or at least stabilization of disease in the
majority of patients.34,37 Whereas post-treatment progres-
sion is not seen in tumors confined to the optic nerve, the
risk for its development rises with increasing extension
of the lesions into the adjacent midbrain.37–39 Patients with
neurologic signs at time of treatment are reported to have
a poorer prognosis (overall survival at five and ten years:
57 per cent with neurologic signs versus 92 per cent with-
out neurologic signs).38 Overall progression-free survival
rates of 70–90 per cent have been reported five to ten years
after treatment with radiation.

The efficacy of radiation in stabilization and improve-
ment of visual function, which can be sustained for many
years, has been confirmed by numerous reports (Tables
13b.2 and 13b.3). In many studies, radiation therapy has
been performed in cases of progressive loss of vision.
However, due to the nature of disease, long-term second-
ary failure rates of up to 40 per cent may occur.41 Five-year
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survival rates are somewhat higher in patients who have
undergone radiotherapy compared with those who have
not.34,40 Overall progression-free survival rates of 70–90
per cent have been reported five to ten years after treat-
ment with radiation.

Radiation therapy, especially because of the large size
of chiasmatic and hypothalamic tumors at the time of
diagnosis, may result in long-term neurocognitive dam-
age and, in the vast majority of patients, will have signif-
icant endocrinologic sequelae, especially growth hormone
insufficiency.

Chemotherapy
Given the young age of children with chiasmatic tumors,
chemotherapy has often been utilized in an attempt to
delay, if not obviate, the need for radiotherapy. A variety
of different chemotherapeutic approaches have been 
utilized in children with progressive chiasmatic/hypo-
thalamic gliomas, especially in patients under five 
years of age at the time of diagnosis. Drugs and drug 

combinations that have been utilized include carboplatin
alone, oral VP16 alone, a combination of actinomycin D
and vincristine, a combination of carboplatin and vin-
cristine, the five-drug combination of BCNU, vincristine,
thioguanine, procarbazine, and dibromodulcitol, and
other, more intensive drug regimens.20–23,42,43 The largest
published experience has been with the carboplatin and
vincristine regimen. In a recent series of 68 patients, a
radiographic response was documented in over 60 per
cent of patients, and 90–95 per cent of patients had at least
disease stabilization while on treatment.22

Approximately 70 per cent of children with visual
pathway gliomas remained free of progressive disease
three years following the initiation of treatment (for at
least two years after completion of treatment). This drug
regimen was not as successful in older children, and
patients with NF-1 and with progressive disease bene-
fited as well as, if not better than, patients without NF-1.
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Table 13b.2 Vision after radiotherapy of gliomas of the optic pathway

Patients Total dose (TD) and 
Ref. (n) fractionated dose (FD) Improved (%) Stable (%) Worse (%)

121 22 8–15 Gy Vision 11 (50) 8 (36.4) 3 (13.6)
36 12 TD 3.5–65 Gy (almost all 50 Gy), Vision 3 (25) 9 (75) 0

FD n.m.
29 28 n.m. Acuity 4 (14.3) 18 (28.6) 6 (21.4)

122 9 TD 37–55.8 Gy, FD 1.0–2.0 Gy Vision 1 (11.1) 8 (88.9) 0
123 39 TD 50–60 Gy, FD n.m. Vision 7 (19.9) 30 (76.9) 2 (5.1)
124 23 TD 45–50 Gy, FD 1.8–2.0 Gy Acuity 10 (43), Acuity 11 (48), Acuity 2 (9),

visual field 4 (18) visual field 19 (82) visual field 0
34 18 TD 50–60 Gy, FD 1.8–2.5 Gy Vision 6 (33) 8 (44) 4 (22)

125 12 TD 40–56 Gy, FD n.m. Vision 3 (25) 9 (75) 0
126 22 TD 38–56.86 Gy, FD 1.4–2.0 Gy 2 (9) 14 (77) 3 (14)
127 17 TD 35–61 Gy, FD 1.5–2.0 Gy 6 (35) 9 (53) 2 (12)
128 23 TD 45–56.6 Gy, FD 1.8–2.0 Gy 23 (30) 14 (61) 2 (9)
129 15 TD 43–60 Gy, FD n.m. Vision 3 (20) 8 (53.3) 1 (6.6)
38 44 TD 40–60 Gy, FD 1.45–2.15 Gy Acuity 25 (57), Acuity 16 (36), Acuity 3 (7), 

visual field 19 (61) visual field 11 (35) visual field 1 (3)
130 13 TD 40–60 Gy, FD 1.8–2.0 Gy 9 (34) 14 (54) 3 (12)
131 25 TD 45–60 Gy, FD 1.6–2.0 Gy Acuity 9/25 (36), Acuity 13 (52), Acuity 3 (12), 

visual field 3/20 (15) visual field 16 (80) visual field 1 (5)

Table 13b.3 Impact of fractionated dose and total dose on risk
of loss of visual function after radiotherapy of tumors at the
base of skull (pituitary adenoma in the majority of cases). The
optic chiasm was encompassed by the treatment portals

Dose (Gy)

Ref. Patients (%) Single Total

132 5/55 (9.1) 2.5 45.0–50.0
133 4/122 (3.3) 2.0–2.5 50.0
134 4/23 (17.4) 3.0 42.0–45.0

HYPOTHALAMIC-CHIASMATIC 
GLIOMA: CASE 1

This case is a boy born at full term after a normal
pregnancy and who was diagnosed with NF-1 at three
months of age based on the presence of numerous
café-au-lait spots and a positive family history (his
mother and his older brother also have NF-1). His
personal medical history was marked by psychomotor
developmental delay. At the age of 3.5 years, the
physician at the NF clinic who was following 
the child decided to obtain a contrast-enhanced



Thalamic tumors

The management of children with progressive thalamic
lesions is highly dependent on the histological type of the
tumor.44 Since over 50 per cent of patients with thalamic
lesions will have higher-grade tumors, biopsy and/or 
surgical resection is indicated in almost all patients.
However, the majority of these tumors are not amenable
to significant tumor resections. Patients with low-
grade lesions are usually managed with radiation or
chemotherapy according to the principles stated for
tumors of the chiasmatic–hypothalamic region. Despite
low-grade histology, bithalamic glial tumors are as
aggressive as high-grade glial neoplasms with a dismal
outcome, requiring novel treatment approaches.45

BRAINSTEM LOW-GRADE GLIOMA 
(NOT INCLUDING INTRINSIC DIFFUSE
PONTINE GLIOMA)

Focal brainstem glioma

The outcome of children with focal lesions is better than
that for children with diffuse, intrinsic tumors.

Dorsally exophytic cervicomedullary tumors have been
treated with biopsy followed by radiation therapy, partial
resection followed by radiation therapy, and total surgical
resections.46,47 Independent of the form of treatment,
80–90 per cent of patients can be expected to be alive five
years following diagnosis, the majority with stable disease.
Surgical resections for tumors in such regions, however,
may result in increased neurologic compromise, including
the need for prolonged ventilatory support in up to 30 per
cent of patients.46 When radiotherapy is utilized, most fre-
quently doses between 50 and 54 Gy are delivered in con-
ventional daily fractionated regimens. For very young
children, especially those under five years of age, with resid-
ual low-grade tumors after surgery, chemotherapy has been
utilized; the combination of carboplatin and vincristine has
demonstrated a local control rate of approximately 70 per
cent at three years following diagnosis in a small series.21

Management of focal brainstem lesions remains unset-
tled. Focal lesions, which are often cystic, can be treated
by surgical resection, although such resections are often
incomplete and may result in increased, and often per-
manent, neurologic deficits.48 Alternatively, biopsy, espe-
cially stereotactic biopsy, to prove the low-grade nature
of the lesion, followed by either local radiation therapy
or, in very young children, chemotherapy, may result in
similar rates of disease control and less long-term neuro-
logic morbidity.49

Tectal gliomas

Patients with tectal lesions usually require CSF diversion
procedures at the time of diagnosis.50,51 Subsequently,
two-thirds of patients will not require any other form of
intervention for four to five years after diagnosis. In chil-
dren who develop progressive disease, radiation therapy
is usually employed.

Patients with NF-1 may also present with apparent
brainstem gliomas. Some of these lesions will be true
gliomas and will show growth over a period of observa-
tion; others may be diagnosed on screening studies at the
time when the patient is asymptomatic.52,53 In patients
with progressive symptoms, treatment is usually under-
taken as it would be for patients without NF-1. However,
for most patients with NF-1 and a possible brainstem
glioma, a period of observation coupled with serial mag-
netic resonance studies is recommended before any form
of specific treatment.
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head MRI. The MRI showed that the entire optic
chiasm, the intracranial tract of the left optic nerve,
and the left hypothalamus were grossly enlarged,
partially deforming the third ventricle. The lesion
was enhancing after contrast injection; furthermore,
on the T2-weighted images, hyperintense areas were
visible in the splenium of the corpus callosum,
which appeared slightly thin. No history of decreased
visual acuity could be documented. The Teller 
test revealed a visual acuity in the range of
1/50 bilaterally, while visual evoked potentials
demonstrated an abnormal transmission of the
visual stimulation, particularly in the pre-chiasmatic
level. No accurate assessment of the visual field
could be obtained.

Based on the MRI findings, a diagnosis of visual
pathway glioma was formulated, and a decision
was taken to defer any treatment until clinical and
neuroradiological evidence of progressive disease
had become evident.

Subsequently, the child underwent periodic head
MRI evaluations every six months for the first year and
then yearly. The reasons for such a relatively frequent
neuroradiological follow-up were related to: (i) the
difficulties of monitoring appropriately the visual
function of this young, mentally delayed child; (ii) his
relatively young age at diagnosis (it is hypothesized
that optic pathway gliomas in children with NF-1 have
a limited time span of growth, which usually does not
overcome the first decade of life, if even the first six
years of life); and (iii) the extension of the tumor (pure
optic gliomas seem to have a much more indolent
clinical behaviour than gliomas extending posteriorly,
intracranially to reach the optic chiasm).

At five years’ follow-up, the visual function has
improved minimally (as expected, with the
increasing age) and the optic pathway lesion has not
changed. No therapy has been administered so far.



LOW-GRADE ASTROCYTIC TUMORS
OF THE CEREBELLUM

Management

Surgery plays the key role within the treatment strategy
for cerebellar astrocytoma. Numerous reports indicate
that the extent of resection is correlated well with long-term
outcome. Thus, the surgical plan is to achieve complete
resection of the lesion whilst avoiding severe neurologi-
cal damage. The operation will also permit sufficient
material for histopathologic diagnosis to be obtained
and restoration of pathways for the CSF circulation.

Surgery

If preoperative investigations confirm that the origin of the
tumor is the cerebellar hemisphere, the vermis, or the fourth
ventricular floor, then total removal should be the goal of
surgical intervention.54,55 To avoid postoperative mutism,
no extended vermian incision should be performed.55

Despite the limitations of early postoperative scans,56

there is consensus to confirm the extent of surgical resec-
tion by postoperative contrast-enhanced CT or MRI. In
20–30 per cent, this may not correlate with the surgeon’s
estimate of completeness.57,58 If postoperative scans dis-
close resectable tumor, immediate reoperation should be
considered to achieve complete tumor removal.55

Complete surgical resection, as judged by postopera-
tive neuroimaging and operative notes, appears possible
in 84–90 per cent of all patients.2,54 Series preceding 
the modern imaging era and modern neurosurgical tech-
niques report complete resections in 45–76 per cent.57,59–62

Completely resected cerebellar astrocytoma has a long-
term prognosis for relapse-free survival and overall
survival exceeding 80 and 90 per cent, respectively.
However, even after complete resection, a small percentage
of relapses occur throughout the years.2,57,58,61,63

Incomplete removal is inevitable if the tumor extends
into the brainstem, if there is leptomeningeal infiltration,
and if there is involvement of cranial nerves. However,
even for tumors involving the brainstem, complete
resection appears possible today in up to 62.5 per cent of
cases.64 Since non-pilocytic (diffuse, fibrillary) astrocy-
tomas are found more often in this location, the presence
of fibrillary histology is an added adverse prognostic
factor.58,64,65 Technical adjuncts, such as monitoring the
electromyogram of cranial nerves, may assist the surgeon
in achieving more extensive resection with safety.55

Extended periods of stable disease, and sporadic cases
of tumor regression, following partial resection are
reported for small numbers of patients.57,60,65,66 However,
the majority of tumor residues tends to progress over time,
mostly within four to five years after initial operation,

and progression-free survival rates range between 29–80
per cent and 0–79 per cent at five and ten years, respec-
tively.5,54,57,58,60,61,63–67 For residual volumes above 3 cm3,
progression-free survival drops below 50 per cent at 100
months.58 It should be acknowledged that recurrences of
cerebellar astrocytoma may occur late, well beyond the
time predicted by Collins’ law.66,68

Upon relapse or progression, reoperation is recom-
mended to try and achieve a delayed gross total resec-
tion.2,64,65,69 Although this appears to be successful in up
to 30 per cent of patients, individual patients can be
managed by multiple reinterventions.54,61,64

Most failures are local, yet leptomeningeal spread to
brain and/or spine has been reported.5,70–74

Operative procedures of midline cerebellar tumors
have an inherent risk of causing transient mutism follow-
ing bilateral lesion of the dentate nucleus.75,76 Complete
absence of speech without associated brainstem signs
may develop within several days postoperatively, lasting
days to several months. When speech is regained, it passes
through a state of dysarthria (see Chapter 24).

Pseudobulbar palsy may have a similarly delayed
onset. Supranuclear lesions are associated with emotional
lability. This has been attributed to retraction of the cere-
bellar hemispheres and vermian incision and extension of
edema along the middle and superior cerebellar pedun-
cles into the upper pons and midbrain. Gradual resolu-
tion of the symptoms takes several months.76,77

Non-surgical treatment

Due to the fact that only small numbers of patients cannot
be managed by (repeat) surgical intervention, there are
no prospective studies concerning non-surgical treatment.

RADIOTHERAPY

Postoperative radiotherapy has been applied to patients
with residual, progressive, or recurrent cerebellar astro-
cytoma in a rather unsystematic pattern. Occasionally,
the decision for irradiation has depended only on the
preference of the referring neurosurgeon.63 However,
routine radiotherapy for incompletely excised cerebellar
tumors has not been advocated.69

Indications for radiotherapy have been recurrent
tumor after secondary or multiple operation, residual
tumor at inoperable sites, tumor that had just been biop-
sied, and symptomatic patients following subtotal resec-
tion.2,57,69 More recently, radiotherapy has been reserved
for children over five years old.2

Results concerning the effectiveness of radiotherapy
are conflicting and are difficult to interpret due to small
numbers and extended periods of recruitment, changes
in techniques, doses, and fractionation, and inconsistent
indications for initiating adjuvant therapy. Some authors
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have not demonstrated a beneficial effect of radiother-
apy.78 Progression-free survival has been prolonged,
but no survival advantage was shown for the group
with incomplete resection plus radiation.5,63,69 Griffin and
colleagues demonstrated a relapse-free survival rate of
83 per cent following radiotherapy, no matter how many
previous surgeries were performed, but no patient sur-
vived if the preceding surgery was less than subtotal.61

Current recommendations follow the general treat-
ment strategy for low-grade glioma, with treatment being
indicated for symptomatic and/or progressive tumors
that are not amenable to surgical resection. Modern
planning systems should be applied, especially consider-
ing adequate field size and correct margins to reduce the
radiation dose to critical organs of the brain.

CHEMOTHERAPY

There have been no prospective studies of chemotherapy
for low-grade cerebellar tumors. Inclusion of patients
with recurrent or progressive cerebellar astrocytoma into
ongoing chemotherapy studies has yielded few prelimi-
nary results. Mostly, these children were young and
chemotherapy was applied to defer radiotherapy, justify-
ing this approach.

The role of radiotherapy as well as chemotherapy for
the treatment of progressive/relapsed tumors has not been
established prospectively, but preliminary information
suggests that progression-free survival can be prolonged.

LOW-GRADE ASTROCYTIC TUMORS
OF THE SPINAL CANAL

Management

As in all other regions of the CNS, treatment strategy
for spinal-cord astrocytoma has to balance functional out-
come and the risks of tumor progression or relapse. Due to
the rarity of these tumors, larger series have most often
comprised tumors treated during extended periods of time,
where not only equipment and technical possibilities, but
also the general treatment philosophy, have changed.79–84

Surgery

Most patients will require surgical intervention to at least
diagnose the type of tumor present, since other tumor
histologies, such as ependymomas or intrinsic primitive
neuroectodermal tumors of the spinal cord, cannot be
distinguished on neuroradiographic features alone.85,86

Furthermore, higher-grade gliomas carry a much less
favorable prognosis than, and must be distinguished
from, lower-grade tumors.87

Surgery has to provide spinal decompression and to
remove safely as much tumor as possible, despite the
intrinsic nature of the tumors and extent at the time of
diagnosis, taking into account that attempts to remove
these lesions may cause severe additional neurologic
deficits.88 Radical excision of intramedullary spinal cord
tumors has been recommended as treatment of choice,
provided that at least subtotal resection is possible. Mul-
tiple surgical interventions may be performed.81,86, 88–90

The use of modern technical adjuncts, such as intraopera-
tive ultrasound, intraoperative monitoring with spinal
somatosensory evoked potentials (SEPs), and spinal cord
evoked potentials (SCEPs), facilitates tumor removal.86 In
pediatric series, gross total and/or subtotal resection has
been achieved in 49 per cent91 and 76.8 per cent,89,92 but
not all patients in the latter series had low-grade tumors
(131/164, 79.9 per cent).

Even when microscopic residues are present, tumors
may remain quiescent for extended periods of time.
However, tumor progression and worsening of the func-
tional neurologic status will ensue in patients treated
expectantly after primary biopsy only.81

The postoperative functional status is determined by
the degree of the preoperative deficit. Patients with no or
only mild deficits before surgery rarely deteriorate. In a
report of 164 patients aged 21 years or younger, clinical
symptomatology was said to be unchanged in 60 per cent,
improved in 16 per cent, and worse in 24 per cent three
months following surgery.89,92 Five-year progression-free
survival was similar for patients who had a gross total
resection compared with those who had a subtotal resec-
tion (defined in this series as an 80–95 per cent resection).

A discrete postoperative increase of preoperative dys-
function is transient in nature in most cases, but patients
with extensive non-cystic tumors and severe preopera-
tive disability are likely to deteriorate from surgery.

Radiotherapy

Because of the lack of prospective trials with sufficient
follow-up, treatments are based on strategies for equiva-
lent histologies of intracranial tumors on the assumption
that the tumor behavior would be comparable.
Considering the advances in imaging, surgical skills, and
radiation techniques, it becomes difficult to assess the
value of each therapeutic intervention. The role of radia-
tion therapy has yet to be defined with respect to preser-
vation or improvement of neurological function, site and
extent of disease, surgical resectability, age, and recently
chemotherapy.

Where an intramedullary infiltrating tumor has spread,
extensive surgery is not favored and radiotherapy is tra-
ditionally used. Many authors stress that radiotherapy may
be postponed until signs of progression occur.83,84,91,93,94
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After various degrees of resection with or without post-
operative radiotherapy, the survival rates in patients with
low-grade gliomas have ranged between 60 and 80 per cent
at five years and between 55 and 70 per cent at ten years.92,95

In earlier reports, routine postoperative radiation had been
given in all tumors irrespective of the degree of resection,
resulting in survival rates of between 80 and 67 per cent
and relapse-free survival rates between 73 and 53 per cent
at 10 and 20 years, respectively. There was a trend towards
better survival for patients receiving radiotherapy in pilo-
cytic astrocytoma (85 per cent versus 75 per cent after
surgery) and a significant advantage for non-pilocytic
astrocytoma in one analysis (Table 13b.4).83 Some series
could not identify a benefit of radiation following total
and subtotal resection, but patients had prolonged survival
when they were irradiated following incomplete sur-
gery.84,91,93 When deciding on treatment, it should be con-
sidered that a more aggressive surgical approach can be
associated with higher neurologic morbidity. Control of
neurological deficits is a major option for the selection of
treatment, but there are limited data evaluating the impact
of radiotherapy on neurological function. One retrospec-
tive analysis reports improvement of neurological deficits
in 12/23 patients, stable status in 9/23 patients, and dete-
rioration in only 2/23 patients at six months after
radiotherapy.96

In the majority of cases, low-grade gliomas recur locally
after initial treatment (in 30–80 per cent of patients) and
metastatic spread is a rare event.

In all published series, radiotherapy to the tumor site
only was performed. With the use of MRI, the gross
tumor volume according to the ICRU-50 report can be
delineated accurately, and a safety margin in the cranio-
caudal direction of one vertebral body is recommended
in the literature.84,97

The threshold for radiation injury of tumor-containing
cord is encountered at 45–50 Gy using conventional frac-
tionation,93,98 thus radiosensitivity of the spinal cord limits
the dose that can be given to the tumor. Due to a presumed
shallow dose–response curve, it appears that doses in 
excess of 45 Gy are sufficient for tumor control. Doses of

less than 40 Gy may be associated with an increased fail-
ure rate. Beyond 50 Gy, no additional benefit in terms of
progression-free survival has been observed.83,84,91,93 With
respect to the assumed dose– response relationship of their
intracranial counterparts, doses between 45 and 50 Gy are
currently recommended. The role of the length of the
spinal cord field has not been determined.99

Chemotherapy

The role of chemotherapy in the treatment of spinal-
cord low-grade astrocytomas remains poorly defined.
Chemotherapy has been utilized especially for young
infants with progressive low-grade tumors.21 There are a
few case reports, or very small series, suggesting that var-
ious chemotherapeutic regimens produce responses in
either incompletely resected or inoperable tumors with
marked functional improvement.79,80,91,90,100,101 As in other
sites, chemotherapy may delay the need for radiotherapy
or even obviate its use,79,80,100 although close monitoring
for progression is necessary.102

Prognosis

The survival of patients with low-grade gliomas of the
spinal cord is usually favorable, thus their functional out-
come is of main concern.

Data of series including all types and grades of
intramedullary pediatric tumors yield five-year survival
rates between 39 and 90 per cent and event-free survival
rates between 14 and 77 per cent.

Overall survival rates for low-grade tumors regardless
of previous treatment are reported at 76 per cent at ten
years, and including radiotherapy at 83 per cent at 
ten years,91 88 per cent at a median follow-up of 4.8
years,80,100 and 83 per cent at ten years.84 Five-year 
progression-free survival was reported to be 79 per cent
following aggressive surgical intervention alone.89 About
half of the unresectable tumors being treated with
chemotherapy progress.80,90,100,102
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Table 13b.4 Effect of radiotherapy on low-grade spinal tumors in children

Radiation dose Fractionation Ten-year survival
Ref. Patient characteristics (Gy) (Gy/fraction) (irradiated v. non-irradiated) (%)

91 21 irradiated of 49 30–50 Not given 83 v. 70, NS
low-grade glioma

94 9 irradiated of 18, 4/11 43–50 Not given 3/4 alive v. 7/7 alive at 3–18 years
with low-grade glioma

83 14 children �20 years/ 13.1–66.6 1.44–2.5 80–85 v. 55–60 (pilocytic 
79 patients all ages (median 49.8) (median 1.8) astrocytoma, all ages, n � 43), NS

84 12 low-grade glioma/31 children 30–56 Not given 83 (all irradiated)

NS, not significant.



Factors influencing outcome have been the duration
of presenting symptoms before diagnosis, specifically 
the development of spinal deformity, the preoperative
neurologic condition, and the type of tumor,86,91 whereas
the extent of disease at diagnosis (number of vertebral
segments involved) has not proved to have a significant
influence.83 Differences between histologic subtypes
have not been assessed separately for children. Relapse
and progression usually occur within the first five 
years, but they may develop after more than ten years of
follow-up.

Post-tumor-related therapeutic follow-up also has to
focus on spinal deformity. This may result from neuro-
genic defect, laminectomy/laminotomy, and, if applied,
radiotherapy. Specific sequelae of radiotherapy include
radionecrosis, vasculopathy, and impaired spinal growth.
Depending on the age of the patient and the length of
the radiation field, radiogenic growth disturbances can
enhance pre-existing spinal deformities, such as kyphosco-
liosis. They may be progressive, even requiring orthope-
dic surgery (i.e. spinal fusion).86,99 An incidence of
second tumors of 13 per cent at ten and 20 years has been
reported.84

DISSEMINATED LOW-GRADE ASTROCYTIC
TUMORS

Incidence

A small percentage of low-grade gliomas develop lep-
tomeningeal dissemination either at presentation or dur-
ing follow-up. Chiasmatic and hypothalamic lesions have
especially been found to be associated with CSF seeding.

Most reports focus on the course of single patients.
An estimate of the incidence of leptomeningeal spread
comes from institutional retrospective analyses: about
five per cent of children presented with leptomeningeal
spread at diagnosis, whereas dissemination was diag-
nosed in 12 per cent at progression.71,73,103,104 With
improvements in neuroimaging technology, this phe-
nomenon may be identified with increasing frequency.

Age and sex

Children diagnosed with leptomeningeal spread had a
median age of eight years (five months to 20 years).73

Those that developed dissemination, mostly within two
years following initial diagnosis, were younger, with 
a median age of 16 months (five months to 43 years,
including two adults).71 There seems to be a marked
male preponderance (male/female ratios 5:3 and
9:2).71,103,104

Tumor location

The majority of primary tumors are located in the
chiasmatic-hypothalamic and thalamic area (37/56 cases),
but primaries have also been reported in the cerebellum,
brainstem, and spinal cord (Table 13b.5).

Leptomeningeal spread involves all areas of the CNS.
Despite a low risk for tumor spread via shunting devices
even in malignant brain tumors,105 leptomeningeal seed-
ing associated with spread via a ventriculoperitoneal
shunt into the abdominal cavity has been reported.73,106

On the other hand, even if it has been investigated, tumor
cells have rarely been found in the CSF.

Histology

Juvenile pilocytic astrocytoma, and other categories of
low-grade glioma, have been the histologies in most
cases. No unique histological features have been identi-
fied, nor has malignant transformation been found on
re-biopsy. Proliferation indices, if determined, corre-
spond to those of the primary tumor.74

The primary lesions arising in close proximity to the
ventricles and basal cisterns may show a predisposition
to dissemination, but it is not clear whether they consti-
tute a distinct entity. Patterns of adhesion molecule pro-
duction, protease secretion, and growth factor pathway
activation may play a part in determining the ability of free-
floating tumor cells to become adherent to, and to multi-
ply on, ependymal and leptomeningeal surfaces.70,73,107

When dissemination is present at diagnosis, it cannot be
excluded that tumors arise simultaneously at various sites.

Signs and symptoms

Leptomeningeal spread is rarely symptomatic at diagno-
sis. Even if seeding occurs at progression, there may be no
symptoms at all, or not all sites involved may cause
symptoms.71,103,108–110 There has been one report of a
sacral intradural metastasis with paraparesis, saddle-type
anesthesia, diminished ankle jerk in the lower extremi-
ties, and bladder dysfunction at diagnosis without con-
comitant symptoms that could be attributed to the
chiasmatic primary.111

Clinical signs related to dissemination mainly are
pain, meningeal syndrome, radicular compression,
raised intracranial pressure, and seizures.71,103,109 In a
report from Perilongo and colleagues, primary dissemi-
nation was diagnosed in three infant boys who had pre-
sented with diencephalic syndrome due to an extensive
chiasmatic-hypothalamic pilocytic astrocytoma.104 Only
one similar observation was reported by Pollack and col-
leagues,73 thus it is not clear whether this association is a
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Table 13b.5 Clinical features of metastatic low-grade astrocytoma in children

No. of Present at progression 
children with Age at Location of Location of Present at (interval from Histology of

Ref. dissemination diagnosis primary tumor CSF-positivity multicentric spread diagnosis diagnosis to spread) primary tumor

106 1 3.5 years Chiasmatic- 1/1 Leptomeningeal – 1/1: 10 months Astrocytoma grade I
hypothalamic

70 2/94 4.75 years, Chiasm 1, ? Leptomeningeal 2 – 2/2: 3.5 years, 2 PA
8.5 years cerebellum 1 (cerebral and spinal) 6 years

135 1 10 years Chiasm ? Spinal leptomeningeal 1 – 1/1: 2 years 1 PA

136 1 1.3 years Chiasm ? Posterior fossa � – 1/1: 8.5 years 1 PA
spinal leptomeningeal 1

25 2/11 10.8 years Primary bifocal Not given Temporal right � 2/2 – 2 PA
(both) tumors cerebellar vermis 1, 

thalamus right �
hypothalamus left 1

137 1/25 12 years Tectal region ? Spinal leptomeningeal 1 1/1 – 1 LGG

73 3/76 6 months, Chiasm 1, 0/3 (1 Subependymal ventricular 2/3 1/3: 4.75 years 1 PA, 2 LGG
4 years, 5 years cerebellum 2 atypical cells) 3, leptomeningeal 3

71 11/90 JPA 5 months– Hypothalamus 10, 2/3 with Cerebral hemisphere 3/11 8/11: median 12 11 JPA
43 years cerebellar vermis 1 leptomeningeal 2, posterior fossa 3, spinal months (4–108

spread cord 6, leptomeningeal 3, months)
subependymal 4



103 8/150 LGG 5 months– Hypothalamus 4, 0/2 Cerebral hemisphere 5, 8/8 – 3 JPA, 
20 years temporal lobe 1,  posterior fossa 6, spinal cord 6, 5 astrocytoma n.o.s.

spinal cord 2, leptomeningeal not given, 
pons 1 subependymal 4

110, 138 4 2.5 years, Third ventricle 1, 0/3 Posterior fossa 1, 1/4 3/4: 8 months, 3 PA
5 years, 7 years, cerebellum 1, spinal cord 2, 32 months, 44 
8 years hypothalamic 1, leptomeningeal 2, months

third ventricle 1 subependymal 2

108 1 14 years Chiasm, both Not given Cerebral hemisphere, – 1/1: 39 months 1 PA
optic tracts posterior fossa, spinal canal

104 3/43 6 months, Chiasmatic- 0/1 Leptomeningeal 3 3/3 – 3 PA
7 months, hypothalamic 3 (intraventricular, cerebral, 
18 months spinal)

74 2 4 years, 6 years Chiasmatic- Not given Cerebral hemisphere 1, – 2/2: 4.66 years, 2 PA
hypothalamic 1, cerebellum 1, spinal 4.75 years
cerebellum 1 cord 1, leptomeningeal 2

109 16 5 years Chiasmatic- Not given Isolated nodules, 6/16 10/16: median 5 PA, 6 
(5 months– hypothalamic 8, location not given 3, 3 years (11 months– astrocytoma 
12.5 years) thalamus 1, diffuse leptomeningeal 7, 9 years) n.o.s., 2 

brainstem 2, spinal both types 5, cystic lesion 1 oligodendroglioma, 
cord 3, leptomeningeal 2 mixed glioma,
gliomatosis 2 1 clinical diagnosis

111 1 8 years Chiasmatic- Not given Spinal cord 1/1 – Astrocytoma grade II
hypothalamic (sacral intradural)

CSF, cerebrospinal fluid; JPA, juvenile pilocytic astrocytoma; LGG, low-grade glioma; n.o.s., not otherwise specified; PA, pilocytic astrocytoma.



result of thorough clinical investigation or has a com-
mon pathological background.

Diagnostic procedure

MRI of brain and spine, as performed by standard tech-
niques, may either show enhancing nodular deposits or
may demonstrate lining of the leptomeninges, revealed
most impressively by subtraction techniques.103

Routine MRI of the spinal axis probably is not needed 
in patients with unifocal intracranial disease and no 
symptoms that can be referred to the spine.73 However,
investigation of the entire neuroaxis is mandatory if
leptomeningeal or periventricular deposits on the initial or
follow-up cranial neuroimaging studies are noted and in
cases with symptoms related to potential metastatic sites.111

Cytologic examination of the CSF can be negative
even in cases of unequivocal spinal deposits or lep-
tomeningeal lining. It should be performed in patients
with positive neuroimaging, but it is not recommended
routinely in imaging-negative children.73

There is no uniform policy concerning the necessity
of a separate biopsy of at least one of the metastatic
lesions. Where metastatic sites have been biopsied,
pathological findings have mirrored the primary tumor
appearances.71,73,108,111

Management

Treatment has been instituted in most but not all
patients with multicentric disease following diagnosis of
metastases. Recommended approaches take their pattern
from the general treatment strategies for pediatric low-
grade glioma.

SURGERY

If there are only singular lesions, then their surgical
removal is recommended.71,111 However, multiplicity of
deposits or the presence of leptomeningeal “coating” limit
this approach. Besides, surgery only has not been suffi-
cient to prevent progressive disease in individual cases.103

The question as to whether to proceed with radiother-
apy or chemotherapy remains open and must include
consideration of the age of the patient, whether the patient
has undergone radiotherapy for the primary tumor, and,
if so, the interval since that previous irradiation.

RADIOTHERAPY

Radiotherapy for multicentric disease has been applied
in a variety of prescriptions, not allowing direct compar-
ison. Among those 56 cases shown in Table 13b.5, ten
children have been treated primarily with radiation and

five have received additional chemotherapy preceding or
following radiotherapy. Six children received craniospinal
irradiation. Doses ranged from 60 Gy in hyperfraction-
ated technique (2 � 1 Gy/day) to the brain and 30 Gy to
the spinal cord plus a local boost of 14.5 Gy to conven-
tionally fractionated 40 Gy to the brain and 30 Gy to the
spine. One child received cranial irradiation with 39 Gy,
two were treated with spinal fields up to 48 Gy, and no
details are given in five cases.

At the time the reports were published, four children
had died of progressive disease and 11 are alive following
multiple interventions (of those receiving radio-
therapy only, two died and eight are alive). Limited infor-
mation indicates that individual children retained 
normal endocrine function, continued their school edu-
cation, and did not develop additional neurologic
deficits.72,73

CHEMOTHERAPY

For 39 of 57 children listed in Table 13b.5, chemotherapy
has been the primary approach to multicentric disease.
Whereas five of 57 received additional radiotherapy, most
children have been treated with individualized strategies.
Thus, the success of any given approach cannot be evalu-
ated. Protocols based on carboplatin and cisplatin were
predominant (26/44), alkylating agents were given to 13
of 44 (six cyclophosphamide, one ifosfamide, six BCNU/
CCNU), and multiagent chemotherapy was applied in
two of 44 cases (miscellaneous three: VP16, AZQ, PCV).
Although nearly all patients showed initial responses,
these were often of short duration, and subsequent pro-
gression was reported in 27 of 44 patients. Thirty-two
children were alive and 12 had died from further pro-
gression at the time of publication.

Recommendation

The presence of multicentric disease at diagnosis or its
emergence upon progression is viewed as indication for
therapy. Treatment modalities for multicentric disease
must be considered individually, since an optimum strategy
has not been determined. In accord with current recom-
mendations, younger children receive initial chemotherapy
following contemporary protocols to delay irradiation.
Radiotherapy options include craniospinal irradiation
with 35–39 Gy in conventional fractions or even 40–48 Gy
hyperfractionated plus a boost to the primary tumor.
Focal irradiation follows the general prescriptions.

The course of disease is extremely variable. Progression
following transient response to therapeutic interventions
is frequent, but prolonged disease stabilization is possi-
ble. Successful treatment of widespread seeding does not
preclude good quality of life.
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HYPOTHALAMIC-CHIASMATIC 
GLIOMA: CASE 2

This case is a Caucasian boy, referred at the age of
eight months to medical attention for failure to
thrive, which had become evident after the age of
four months. Since then, the child’s medical history
was unremarkable, as was his family history. Mild
irritability had been reported recently, along with
occasional morning vomiting. In the previous
month or so, loss of appetite was also reported. The
child had no stigmata of NF-1. His physical
examination was negative, except for a body weight
below the tenth percentile, compatible with a growth
curve that was normal up to the age of four months
and had plateaued thereafter. His neurological
examination was normal apart from the presence of
nystagmus on lateral gaze. After an extensive
gastroenterologic and metabolic work-up, it was
decided to obtain a head MRI. The study showed a
large contrast-enhancing, non-cystic, lobulated
hypothalamic-chiasmatic lesion. Furthermore, on
the head examination, enhancing nodules along the
anterior aspect of the pons were also visible. Because
of this finding, the MRI investigation was extended
to include the entire spine, where other
subarachnoidal discrete nodules were visible.
Significant ventriculomegaly was also reported.
Subsequently, the child was brought to surgery for a
ventriculoperitoneal shunt placement and biopsy of
the mass. No debulking procedures were thought to
be possible. The histological diagnosis was in favour
of a classical, bona fide pilocytic astrocytoma.

Due to the age of the child, the dimension of the
lesion, and the presence of a diencephalic syndrome,
it was decided to treat the child with chemotherapy,
specifically the combination of carboplatin and
vincristine. The child received the 12-month
schedule of chemotherapy. The tumor mass and the
subarachnoidal nodules decreased in size (and
number); after the first three months of therapy, the
child started to gain weight. At the end of
chemotherapy, his body weight was between the
twenty-fifth and fiftieth centiles. The child was
followed periodically. At eight months off therapy,
the hypothalamic-chiasmatic mass started to grow
again, but without provoking any clinical symptoms,
while the subarachnoidal nodules remained stable in
number and size. The child’s visual function was
never monitored carefully. On a Teller test, the visual
acuity was estimated to be on the 1/50 range, with
some visual field defects. Because of the tumor
regrowth and the child’s young age (29 months),

further chemotherapy was delivered. During this
entire period, the child never stopped growing in
weight and height. The tumor responded
temporarily, but after ten months of further therapy,
the primary tumor regrew. At that time, when the
child was almost 3.5 years old, after long discussion
and after having excluded the possibility of a
debulking procedure, it was elected to irradiate the
primary lesion, sparing for the moment the
treatment of the entire craniospinal axis (as the
presence of disseminated disease theoretically
dictated). In fact, it was thought too deleterious to
irradiate the entire craniospinal axis in a child of
such a young age and with doubtful efficacy. The
child was then irradiated (54 Gy). Presently, at the
age of six years, the child is in a good general
condition. He is slightly obese despite an apparent
normal food intake, and he has some cognitive
problems (he is in a special education class) and
multiple endocrinologic deficits (growth and thyroid
hormone deficiency), but the disease is stable.
Interestingly, the discrete nodules that were visible
along the spine are reducing in number as well as in
the degree of post-contrast enhancement.

FUTURE CONSIDERATIONS

Low-grade gliomas span a wide spectrum of biologic
entities. Thus, clinical presentation, applicability of dif-
ferent treatments, and prognosis vary with respect to his-
tology, anatomical location, and the age of the patient.
Despite considerable efforts, optimal management policies
are not available for all subgroups. The indolent nature
of some of these lesions makes treatment choices diffi-
cult, especially in children with subtle clinical symptoms.

Modern surgical techniques integrating localization
techniques such as frameless stereotaxy, intraoperative
ultrasound, and functional MRI, as well as electrophysi-
ological mapping of eloquent areas, permit greater degrees
of resection in larger proportions of patients.55,112 It is
probable that fewer children will need postoperative, non-
surgical therapy in the future.

One of the most pertinent problems concerning at
least all those tumors not amenable to complete surgical
resection, is the necessity to define prognostic factors
that predict disease progression.

Among pilocytic astrocytomas of the hypothalamic-
chiasmatic region and the cerebellum, there may be a
subset with a monomorphous pilomyxoid pattern and
a less favorable outcome than classical pilocytic astrocy-
toma.113 Prospective evaluation of these features and other
light-microscopic, immunohistochemical, and cytogenetic



and molecular studies might determine a group of tumors
that are likely to progress early and possibly develop CNS
dissemination.

Most probably, however, defining prognostic sub-
groups will rely on clinical data as well. Tumor location,
extent of disease, resectability, and patient age are prog-
nostically relevant variables in many retrospective stud-
ies. Furthermore, progression patterns of optic pathway
tumors in children with NF-1 differ markedly from those
in other patients.114 Current studies have to define the
population, who needs treatment, and the optimal timing
for non-surgical therapy in children with residual tumor.

The proven high efficacy of radiotherapy in terms of
tumor control and preservation or improvement of
visual or neurologic function demands further develop-
ments in treatment techniques in order to reduce the
potential detrimental effects on the developing CNS. The
recent introduction of stereotactic radiation techniques
yielded promising results in improving local treatment
while better sparing normal tissue. These techniques are
being used increasingly, but the impact on tumor control
and visual function and the side effects remain to be
established. The new approaches should therefore be
part of future investigations.

All series demonstrate that chemotherapy has an
effect in the treatment of low-grade glioma. Complete
responses to chemotherapy are few, but the frequency of
partial responses, minor responses, and stable disease is
high, and overall response rates that include stable dis-
ease range from 70 to 100 per cent. Yet, the impact of any
chemotherapy treatment has to be measured by the pro-
portion of young children in whom radiation is delayed
successfully beyond five years or later. An additional
aspect is the sparing of radiotherapy in patients with NF-1,
who are not only prone to subsequent, often more malig-
nant, brain tumors,115 but who are also at risk for vascu-
lopathy.115,116 Many aspects of the use of chemotherapy
in low-grade glioma are still defined only poorly. Factors
influencing the response to chemotherapy have been age
and the presence of NF-1,22,117 but response to treatment
may be modified by other factors as well.

A large number of agents have been applied in the
various series, resulting in comparable response rates. It
has to be defined whether there are drugs or combina-
tions of superior effectiveness and tolerable acute and
late toxicities. Previous studies have lasted for variable
lengths of time; most studies were a year long, but they
range from a few months to almost two years. A direct
comparison is made impossible due to the inherent dif-
ferences of strategies between studies. Thus, even the
optimal duration of therapy remains to be assessed.
Further work is needed to correlate chemosensitivity to
molecular phenotype. Additionally, novel approaches to
therapy have to be investigated, such as targeting tumor
angiogenesis.118

Due to the small numbers of these tumors even in
referral centers, the therapeutic questions have to be
addressed in cooperative studies in the future. Adequate
management strategies will probably include a combina-
tion of treatment interventions, including surgery, radio-
therapy, and chemotherapy, throughout a prolonged
phase of follow-up.119 No studies exist that evaluate the
impact of the different treatment strategies that have
been applied throughout the years upon quality of life
for long-term survivors.

As for all other pediatric brain tumors, adequate man-
agement of children with low-grade astrocytic tumors
requires a dedicated multidisciplinary team,120 where the
necessity of care for extended periods of time, adjusted to
the dynamics of the tumor, is acknowledged.
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INTRODUCTION

High-grade gliomas (HGGs) are the most frequent malig-
nant brain tumors in adults, but they are very rare in
children. Patients become symptomatic with headaches,
nausea, or vomiting, or present with focal neurological
signs such as hemiplegia. The clinical situation deterio-
rates rapidly. A computed tomography (CT) or magnetic
resonance imaging (MRI) scan will show the brain
tumor, which is typically inhomogeneously contrast-
enhancing. The final diagnosis is made by histology, which
requires at least a biopsy as the surgical procedure. The
treatment includes maximal possible surgery, irradiation,
and chemotherapy. This standard approach can cure a few
patients, but the general prognosis remains poor. Most
tumors relapse within one or two years. HGG is therefore
a major subject for medical research, including experi-
mental treatments. This chapter will elucidate in more
detail the classification, tumor biology, standard clinical
management, and some of the experimental approaches.

CLASSIFICATION

HGGs comprise a group of tumors characterized by his-
tological features of glial origin and of high malignancy,
a grim prognosis, and lack of therapeutic improvement.
The classification of HGG is based upon histological
morphological criteria,1 which have a high relevance for

prognosis. In this definition, the term “high-grade glioma”
summarizes a number of different entities. As classifica-
tions change, the number of diagnoses included in the
group of HGG varies (Table 14.1).

The International Classification of Diseases – Oncology
(ICD-O) classification is due to be modified soon, since,
for instance, glioblastoma with sarcomatous component
and gliosarcoma are no longer considered two different
entities.
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Table 14.1 Histological diagnoses combined in the term
“malignant glioma”

Tumor WHO grade ICD-O ICD-10

Glioblastoma IV M9440/3 C71.9
multiforme
Giant-cell glioblastoma IV M9441/3 C71.9
Glioblastoma with IV M9440/3 C71.9
sarcomatous
component
Anaplastic astrocytoma III M9401/3 C71.9
Malignant glioma not defined M9380/3 C71.9
Anaplastic III M9451/3 C71.9
oligodendroglioma
Malignant III M9382/3 C71.9
oligoastrocytoma
Gliomatosis cerebri III M9381/3 C71.9
Gliosarcoma IV M9442/3 C71.9

ICD-10, International Classification of Diseases 10; ICD-O, International
Classification of Diseases – Oncology; WHO, World Health Organization.
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TUMOR BIOLOGY

Inherited defects in the regulation of cell proliferation and
cell death, such as neurofibromatosis type 1 (NF-I) and
Li–Fraumeni syndrome, can participate in glioma devel-
opment. In addition, a number of external influences have
been alleged to cause gliomas. Among these are viruses
such as simian virus 40 and Jamestown Canyon (JC)
virus,2 chemicals, and irradiation. A few clinical cases,
such as glioblastoma developing in a radiation field after
therapeutic irradiation, confirm this method of glioma
development. However, most gliomas in children appear
to develop de novo without known external reason.
Different from the primary or de novo glioblastomas
that occur in older patients and exhibit epidermal
growth factor receptor (EGFR) amplification or over-
expression, HGGs occurring in children often belong to
the family of secondary glioblastomas, which develop
from pre-existing low-grade astrocytomas. These tumors
have a more protracted clinical course, and frequently
contain p53 mutations and allelic loss of 17p. Both types
of tumor show deletions of chromosome 10 and possibly
inactivating mutations of the PTEN/MMAC1 gene as well
as inactivation of the p16 and Rb genes and overexpres-
sion of the CDK4, EGFR, and VEGF genes as an end-
stage event.3 The oligodendroglial phenotype has genetic
abnormalities distinct from those of the astrocytic
tumors: it is highly associated with loss of 1p (P � 0.0002),
loss of 19q (P � 0.0001), and combined loss of 1p and
19q (P � 0.0001).4 While the genetic alterations develop,
the phenotype becomes more malignant. HGG cells pro-
duce cytokines that increase angiogenesis, such as vascular
endothelial growth factor (VEGF) and scatter factor/
hepatocyte growth factor (SF/HGF),5 modulate immune
response,6 and result in autocrine stimulation of glioma
cell proliferation/invasion or inhibition of apoptotic cell
death. The migration occurs predominantly along white-
matter tracks. Heightened commitment to migrate and
invade is accompanied by a glioma cell’s reduced prolif-
erative activity.7 Once this commitment changes, the
migrated cells can give rise to a second tumor far away
from the primary lesion. Despite a high capacity to
migrate, HGGs metastasize via the blood only very
rarely. End-stage metastases may occur via the cere-
brospinal fluid (CSF).

INCIDENCE AND LOCATION

HGGs are the most frequent brain tumors in adults, but
they account for only 15 per cent of all central nervous sys-
tem (CNS) tumors in children. The German population-
based registry reports 0.13 cases per 100 000 people under
the age of 15 years. This figure does not include brainstem
glioma without biopsy, so the actual incidence might be

significantly higher. HGG may occur at any age, including
in newborn infants (some cases have been detected in utero
by systematic ultrasound sonography during pregnancy).
However, they are extremely rare in young children and the
incidence increases with age until the sixth decade of life. In
the pediatric population, the median age of HGG patients
is nine years. The male/female ratio is about 1.2. In contrast
to most other pediatric brain tumors, the tumor location
of HGG is most frequently supratentorial. One-third to
one-half are located in the cerebral hemispheres, the
remainder being located in the deep midline structures
of the diencephalon (thalamus, hypothalamus, third ven-
tricle) and basal ganglia (half of those originating in the
basal ganglia, the other half in the cerebral cortex or the
superficial white matter). Infratentorial tumors are fre-
quently located in the brainstem. Many are not biopsied
and therefore are classified as brainstem glioma without
histology. Cerebellar and spinal cord locations are rare.

SYMPTOMS AND SIGNS

First symptoms and signs of brain tumors depend more
on the location and the age of the patient than on histology.
Duration of symptoms before obtaining a diagnosis may
vary from a few weeks to several years. Patients who harbor
midline cerebellar tumors may have a shorter duration of
symptoms. Infants and younger children also tend to
have a brief history in comparison with older children. In
one series, the mean time to diagnosis was as high as 43.4
weeks for supratentorial tumors, while it was 10.8 weeks
for infratentorial locations.8 Supratentorial HGGs fre-
quently present with headaches, seizures, and hemiplegia.
Seizures, which are observed in as many as one-third of
these patients, are more frequent in patients harboring
slowly evolving low-grade gliomas. Focal motor deficits
and pyramidal tract findings may be observed in up to 40
per cent of patients with hemispheric and central tumors.
Basal ganglia tumors may be diagnosed according to dys-
metria and chorea. Posterior fossa tumors present with
recurrent bouts of headache, nausea, or vomiting without
focal deficits, except in the case of brainstem location.
These symptoms suggest the presence of increased intracra-
nial pressure related to the obstruction of the cerebral
ventricles by the tumor, producing hydrocephalus.

The family history may exhibit one of the following:
NF-1, neurofibromatosis type 2 (NF-2), Li–Fraumeni
syndrome (breast carcinoma, sarcomas, brain tumors),
Gorlin syndrome (multiple basal-cell carcinoma and
other carcinoma), Turcot syndrome (inherited intestinal
polyposis, brain tumors), Taybi–Rubinstein syndrome
(short stature, mental retardation, dysmorphic features),
Lindau syndrome (ocular angiomatosis), Bloom syn-
drome (short stature, teleangiectasia). However, if the
diagnosis of a brain tumor in a child is suspected on
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symptoms and signs or family history, then the definitive
diagnosis is made by MRI (Figure 14.1).

DIAGNOSTIC IMAGING

Magnetic resonance tomography (MRT) is the most
important diagnostic procedure for a child with a suspected
brain tumor. It should not be delayed by other diagnostic
procedures.

The MRI appearance of malignant glioma is an inho-
mogeneous space-occupying lesion localized in the cere-
bral cortex or in the basal ganglia with significant oedema
and diffuse margins. Hemorrhagic and cystic areas are
possible, but calcifications are rare. Contrast-enhancement
is inhomogeneous but mostly high in at least some parts
of the tumor. HGG may develop in a pre-existing diffuse
low-grade glioma that is being watched with repetitive
neuroimaging. Unfortunately, none of these characteristics
is unique to HGG. The precise diagnosis of a pediatric HGG
requires histological confirmation.

In addition to the primary diagnosis, MRI is required
after each tumor surgery, since further treatment planning
crucially depends on the neuroradiological evaluation of
residual tumor. There is a small window of opportunity
for this image. The first 24 hours after surgery seem to show
more postoperative affects. The optimal window is 24–72
hours postsurgery.9 If imaging is done later, then angio-
genesis and gliosis can mimic residual tumor. Since these
tissues shrink naturally, they can mimic tumor response
to further treatment. This process may take up to six weeks
after surgery. Images obtained during this period have to
be interpreted cautiously. Even after this period, the assess-
ment of tumor response to non-surgical treatment remains
difficult in HGG. In clinical studies with adult patients,
most frequently only the contrast-enhancing parts of the
tumor are used for response criteria.10 Since not all tumor
parts of pediatric HGG are contrast-enhancing, this might
not be useful for pediatric phase II studies. However, tumor
edema might be reduced by glucocorticoids independently
of tumor mass reduction caused by chemotherapy or irra-
diation, and has to be excluded from tumor response
assessment. Most pediatric studies follow the Société
Internationale d’Oncologie Pédiatrique (SIOP) criteria
for describing tumor status and response.11

The investigation of neuraxis is often not done.
However, up to ten per cent of spinal metastases have been
reported at diagnosis.12

MRI spectroscopy and nuclear medicine methods
such as thallium-single-photon-emission computed
tomography (SPECT), Sestamibi (MIBI)-SPECT, and
alpha-methyl-tyrosine-SPECT are of increasing academic
importance. Metabolic information correlates with tumor
grading and tumor proliferation. However, most of these
methods require tumors larger than 2 cm, and they have
not been validated in large populations.

SURGERY

According to tumor location, a temporary or permanent
CSF diversion, usually by ventriculostomy, may be the
first surgical step. This is appropriate for half of the deep
tumors but less than ten per cent of hemispheric gliomas.
Surgery is not only a therapeutic procedure but also nec-
essary for diagnosis. The optimal extent of surgery differs
for each patient. Recent data suggest significant differences
between malignant glioma in adults and in pediatric
patients with respect to the influence of gross total surgical
resection. In adult patients, completeness of surgery is of
minor importance for the prognosis. Far more important
are age and Karnofsky index. Tumor resections are there-
fore done cautiously in an attempt to avoid further dam-
age, which might jeopardize the remaining quality of life.
While this is obviously an important aim in children as
well, the completeness of resection plays a different role

Figure 14.1 A seven-year-old girl presented with headache,
nausea, and focal seizures. The family history was significant,
with a high incidence of malignant diseases in the family of the
mother. Magnetic resonance imaging (MRI) showed a contrast-
enhancing cortical lesion with significant perifocal edema. The
lesion was completely resected and turned out to be a
glioblastoma multiforme (World Health Organization grade IV).
A p53 germ-line mutation was found in the family of the
mother. Six months after diagnosis, the child is still being treated
with intensive chemotherapy; there is no evidence of disease on
repeated MRI scans.



for the prognosis in this age group. In children, near-total
resection (�90 per cent) is the most important prognostic
factor. In the Children’s Cancer Group CCG-945 trial, the
multivariate analysis demonstrated that near-total tumor
resection was the only therapeutic variable that signifi-
cantly improved progression-free survival rates.13 Long-
term survivors have been described after gross total
resection followed by intensive adjuvant treatment.14

However, near-total tumor resection could be done in
about only 40 per cent of cases. In the CCG-945 trial, it
could be achieved in 49 per cent of the tumors in the super-
ficial hemisphere and in 45 per cent of tumors in the pos-
terior fossa, compared with only eight per cent of midline
tumors.13 In particular, in supratentorial cortical locations,
a complete resection should be attempted in 40–80 per cent
of cases. In diencephalic tumors, gross total resection is
possible in less than 40 per cent of cases. However, with
the availability of new adjuncts for operative planning,
such as frameless stereotaxis and functional MRI, and
modalities for mapping and monitoring brain function
during surgery, many lesions that were once deemed unre-
sectable are more frequently amenable to extensive resec-
tion rather than simple biopsy. For these, and for other
selected deep-seated tumors for which the risks of open
resection may be high, CT- or MRI-guided stereotactic
biopsy is recommended. An attempt to resect might be
advisable later during the treatment plan in multimodal
approaches. The rare cerebellar HGG should be resected as
far as possible. Some recommendations must be taken into
account for improving the conditions of resection and
surgical outcome. Corticosteroids could be administered
before surgery to reduce peritumoral edema. Anticonvul-
sants could be initiated in case of supratentorial tumors
to minimize the risk of perioperative seizures. Hormonal
dysfunction must be investigated and treated by hormonal
replacement for patients with tumors located in and
around the hypothalamus. In this case, close monitoring
of electrolytes and fluid infusions and volume status are
usually required. The actual tumor resection is generally
performed by ultrasonic aspiration, which facilitates inter-
nal debulking of the tumor.

PATHOLOGY

Objective grading of primary brain tumors in order to
accurately reflect clinical behavior remains one of the
most difficult problems facing the neuropathologist. It is
crucial for treatment planning and academic evaluation
in HGGs. Unfortunately, the fast-growing body of litera-
ture and various changing histopathological classification
systems and schools of thinking make adequate and com-
parable histopathological diagnosis in childhood malig-
nant glioma rather difficult. Conventional histopathology

with hematoxylin and eosin-stained slides supplemented
with special stainings (Nissl for nuclear structure, and
reticulin or collagen staining methods) are still the basis
for further special methods. Similarly to low-grade
glioma, tumor cells show some characteristics of differen-
tiation in astrocytic or oligodendroglial direction. In addi-
tion to these, features of malignancy are seen in HGG,
including cellular anaplasia, mitotic and apoptotic figures,
high cellular density, angiogenesis, and necroses. However,
the histological diagnosis does not depend solely on these
single pieces of information, depending also on the pat-
tern. The differential diagnosis of other primary brain
tumors is supported by immunohistochemical stainings
for glial fibrillary acid protein (GFAP), S100-protein, or
neuronal and germ-cell markers. For assessment of malig-
nancy, proliferation markers (MIB-1) are recommended.
A major contribution to tumor diagnosis and understand-
ing will occur as developments in molecular genetics are
applied more directly to diagnostic tumor biopsies.

The need for a central review has been emphasized for
gliomas. Of 250 gliomas described and treated as malig-
nant gliomas according to the CCG-945 study, 46 (18.4 per
cent) were deemed on central neuropathology review to be
low-grade gliomas.15 In a French pilot study, of 51 gliomas
considered as malignant, 12 (24 per cent) were graded as
low-grade gliomas after central review (personal commu-
nication). The intratumoral histologic heterogeneity of
gliomas was described in a quantitative study investigating
small and large biopsies punched from 50 unembedded
supratentorial gliomas, with 48 per cent differently typed
and 82 per cent differently graded samples among two
observers who reviewed independently 1000 samples.16

Therefore, most nations have developed pediatric neu-
ropathology reference centers to support local pathologists
or neuropathologists in these rare cases. For clinical studies,
neuropathology review has become crucial.

PRINCIPLES OF POSTOPERATIVE TREATMENT

Since many more data regarding these tumors originate
from adult patients, treatment principles developed in the
adult patient population often influence the treatment of
pediatric patients as well. The first finding in adult patients
was that irradiation improves survival and quality of
life.17,18 When chemotherapy was added, the choice of
drugs was guided by the permeability through the
blood–brain barrier. Nitrosurea drugs such as carmustine
(BCNU) and lomustine (CCNU) were tested and found
to improve survival further.17,19–22 The next series of con-
trolled studies used irradiation and BCNU or CCNU as the
standard arm.23–26 In the following decade, nitrosoureas
were combined with other drugs, and the combination 
of procarbazine, CCNU, and vincristine (PCV) was
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favored.27–29 Most recently, there has been a trend towards
the use of temozolomide,30–36 which is based mainly upon
its low toxicity in the recommended dose.34,37,38 However,
the evidence for superior efficacy is so far very limited.39

In pediatric patients, some differences have to be con-
sidered before using treatment concepts developed in adult
patients. One difference is the treatment aim, which is
more often curative in children, while a prolongation of
remaining lifetime is often not considered a treatment
success. The first step after the diagnosis of HGG in a child
is therefore to make an informed decision about the main
treatment aim. These tumors have a particularly poor
prognosis, and most previous approaches have failed to
produce a larger number of long-term survivors. Therefore,
decisions for palliative care without tumor treatment may
be quite reasonable, particularly in cases of non-resectable
HGG located in the basal ganglia or the brainstem.
Decisions for curative treatment goals as opposed to pal-
liative care depend on individual ethical systems and cul-
ture; general recommendations cannot be given. However,
if a decision for a curative treatment is made, then a general
recommendation is possible: the patient should be enrolled
in a modern multicenter treatment study. In those sub-
groups in which significant cure rates are absent, the treat-
ment of HGGs is experimental in nature. Most curative
treatment protocols have used maximal surgery, followed
by radiation therapy and chemotherapy. Novel treatment
elements may be a part of any of these treatment modalities.

Radiotherapy

It is generally accepted that radiation therapy increases
median survival time by a few months for patients with
malignant glioma, but the improvement of cure rates
remains questionable. This assumption is based not on
controlled randomized trials, as required for high-level
evidence in modern medicine, but on the historical expe-
rience of increased survival times after introducing radio-
therapy into the treatment plan, as well as on tumor
responses reported frequently in individual cases and in
numerous phase II studies. The amount of lower-level evi-
dence supporting this assumption is so overwhelming that
starting a phase III study to prove this would be considered
unethical. Summarizing the available information, radia-
tion therapy has to be recommended for patients with
HGG and who are over three years of age. The standard
radiotherapy follows conventional fractionation. This is
five single fractions per week with 1.8 Gy (International
Commission for Radiation Units (ICRU) 50 reference
point) up to a total of 54 Gy (age three to six years) or 59.5
Gy (age seven years or older). The total dose is given over a
period of six to seven weeks. The planning target volume
typically includes the area of contrast enhancement with a
2-cm margin. The severe and constant adverse effects of

ionizing radiation on the developing nervous system and,
frequently, hormonal status have prompted physicians to
tailor radiotherapy more accurately to the geometry of the
tumor (conformal radiotherapy) and, for the youngest
children, to defer irradiation by using chemotherapy.

Radiation side effects occurring during treatment are
mild. They include headaches, nausea, vomiting, and
lethargy. Depending on the treatment volume, brain
edema might become a problem during and a few weeks
after radiation. More concerning are late sequelae such as
leukoencephalopathy and developmental delay without
radiological correlate, which may occur months or years
after irradiation. The likelihood of leukoencephalopathy
depends on the dose, the treatment volume, and the age of
the patient, being more prominent in younger children.
This is why irradiation is not recommended for patients
under three years of age. The second concerning late effect
is secondary malignancy developing in the radiation
field.40–43 Experimental modifications of radiation 
treatments include different fractionation schemes, brachy-
therapy with I-125 implantation, proton therapy, boron-
neutron capture therapy, pion irradiation, photodynamic
therapy with porphyrins and visible light, and concurrent
radiochemotherapy. Most of those methods have been
evaluated in pilot studies for toxicity and should be con-
firmed in controlled studies to find out whether they are
superior to conventional irradiation or other types of treat-
ment. However, because of the small numbers of patients
in most studies, this information will take a long time to
accumulate. This problem is common to all experimental
treatments for pediatric HGG. To some extent, it might be
overcome by drawing conclusions from clinical studies
with adult patients or for preclinical studies with pediatric
tumor cell lines. However, there is still much information
to be gained. This would be facilitated if all children with
HGG could be enrolled in multicenter studies.

Chemotherapy

The contribution of chemotherapy to cure in HGG is less
prominent than in other malignant CNS tumors such as
medulloblastoma. However, as limited as it may be, the
benefit from chemotherapy for some pediatric patients is
well supported by controlled randomized trials (Tables
14.2 and 14.3). Despite these results, none of those pro-
tocols is generally recommended, because the benefit
they create remains small while most of them cause some
degree of harm to quality of life during the treatment.

The first randomized CCG study compared radio-
therapy and adjuvant CCNU/vincristine/prednisone with
radiotherapy alone. This trial showed the chemotherapy
arm to be superior (46 per cent five-year event-free survival
versus 18 per cent; P � 0.026).73 These survival rates were
not reproduced in the next randomized CCG phase III
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Table 14.2 Details of two armed (controlled) treatment studies in adult patients with newly diagnosed high-grade glioma

Ref. Standard arm Experimental arm Result

44 RT only Mithramycin No difference
17 No treatment BCNU � RT Treatment better than no treatment
19 RT only RT � CCNU CCNU better
19 RT only RT � BCNU No difference
45 RT only RT � DHG DHG better
20 RT only RT � CCNU CCNU marginally better (NS)
18 No treatment RT only RT better than no RT
18 RT only RT � bleomycin No difference
46 CCNU CCNU � Prc No difference
47 RT only RT � DBD RT � DBD marginally better
47 RT � DBD RT � DBD � CCNU With CCNU better
21 Mpred BCNU BCNU better
21 Mpred Prc Prc better
48 RT only Miso � RT Miso marginal better
49 Hyperfractionated RT Hyperfractionated RT � Miso No difference
50 BCNU PCV Tendency: PCV better (NS)
51 RT only RT � ACNU ACNU better
51 ACNU ACNU � tegafur No difference
52 RT only RT � Miso No difference
52 RT only RT � CCNU No difference
23 BCNU BCNU � Miso No difference
24 BCNU Prc No difference
24 BCNU DTIC No difference
53 ACNU ACNU � picibanil No difference
22 RT only BCNU In subgroups: BCNU better
54 RT only RT � CCNU No difference
25 CCNU CCNU � Benzo No difference
26 Convf RT � BCNU Hyperfractionated RT � BCNU No difference
26 BCNU BCNU � Miso No difference
55 BCNU BCNU � Prc No difference
55 BCNU BCNU � HU � VM26 No difference
27 BCNU PCV PCV better
28 PCV � RT PCV only PCV � RT better
56 IA cisplatin subs RT IA CDDP conc RT No difference, not feasible
57 IV BCNU IA BCNU No difference, toxicity worse with IA BCNU
57 BCNU BCNU � 5-FU No difference
58 Convf RT Hypof RT Hypof in GBM better, convf in anaplastic 

astrocytoma better (NS)
59 BCNU PCNU No difference, different toxicity profile
60 Hyperfractionated RT � BCNU Various RT doses 72 Gy best in hyperfractionated RT � BCNU
61 BCNU AZQ No difference, less toxicity with AZQ
62 IV PCNU IA CDDP IV PCNU marginally better
63 RT only RT � Mit No difference, toxicity worse with Mit
63 BCNU BCNU � 6-MP No difference
64 Placebo polymer BCNU polymer BCNU polymer better
65 BCNU DBD No survival difference, toxicity worse with BCNU
29 RT/PCV RT � BudR/PCV BudR worse
66 BCNU PCV No difference
67 Subs BCNU/CDDP Conc BCNU/CDDP No difference in survival, toxicity worse in conc
68 IV ACNU IA ACNU No difference
69 RT only HSV/TK No difference
70 PCV PCV � DFMO No difference
71 RT only PCV No difference
72 CCNU CCNU � IFN-� No difference, toxicity worse with IFN-�

ACNU, nimustine; AZQ, diaziquone; BCNU, carmustine; Benzo, benzonidazole; BudR, bromodeoxyuridine; CCNU, lomustine; conc, concurrent
radiotherapy and chemotherapy; convf, conventionally fractionated; DBD, dibromodulcitol; DFMO, alpha-difluoromethyl ornithine; 
DHG, dianhydrogalactitol; DTIC, dacarbazine; 5-FU, 5-fluorouracil; GBM, glioblastoma multiforme; HSV/TK, herpes simplex virus/tyrosine kinase; 
HU, hydroxyurea; hypof, hypofractionated; IA, intra-arterial; IFN-�, interferon alpha; IV, intravenous; Miso, Misonidazole; Mit, mitomycin C;
6-MP, 6-mercaptopurine; Mpred, methylprednisolone; NS, not significant; PCV, procarbazine, CCNU (lomustine), and vincristine; RT, radiotherapy; 
Prc, procarbazine; subs, subsequential radiotherapy followed by chemotherapy; VM26, teniposide.
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trial, which compared the CCNU/vincristine/prednisone
regimen with the eight-drugs-in-one-day (8-in-1) regi-
men, associated with radiotherapy in both arms. The five-
year progression-free survival was 26 per cent for the
CCNU/vincristine/prednisone group versus 33 per cent
(P � NS) for the 8-in-1 regimen.74 A randomized com-
parison between BCNU/CDDP and cyclophosphamide/
VP16 showed superiority of the BCNU/CDDP arm
(Paediatric Oncology Group POG-9135: complete � par-
tial response, 16/46 versus 8/48; two-year event-free sur-
vival, 29 per cent versus 11 per cent, P � 0.03; two-year
overall survival 44 per cent versus 32 per cent, P � 0.021;
personal communication 1999).

The German study group Gesellschaft Pädiatrische
Onkologie und Hämatologie (GPOH) started a random-
ized trial comparing radiation treatment followed by
CCNU/CDDP/vincristine with an intensive chemother-
apy protocol before radiation therapy.76 The results were
not significant for the total group, but in the subgroup of
patients who underwent a gross total resection, the sand-
wich chemotherapy appeared superior (median overall
survival 5.2 years versus 1.3 years, P � 0.015).75 Subse-
quently, a prospective cohort comparison study was 
initiated, including a series of one-armed treatment pro-
tocols.77 In these data, a significant decrease of early 
progressive disease was observed for patients treated
simultaneously with intensive chemotherapy and irradi-
ation, as compared with patients treated with irradiation
alone (228/58 versus 11/35, P � 0.004).41 These data are
still preliminary, and it remains questionable whether the
response rates will translate into improved survival rates.

In the French experience, among 70 newly diagnosed
patients enrolled in a pilot study evaluating the efficacy of
two to six courses of the combination BCNU/CDDP/
VP16 before radiotherapy, only 48 patients were consid-
ered to have a malignant glioma after central pathologic
review. The response rate was 19 per cent, and the event-
free survival rates were equivalent for responders and non-
responders to the sandwich chemotherapy (median
event-free survival, seven months). When combining pub-
lished phase II data for children with HGGs, the overall
response rate is 10–20 per cent.78 Not all of these response

rates translate into better survival times (Table 14.4).79

Currently, there is no evidence that the responses observed
could be translated into an increase in event-free survival.

Experimental chemotherapeutic protocols that showed
some evidence of potential efficacy include alterations of
the timeframe of chemotherapy with respect to the other
treatment modalities (sandwich chemotherapy/phase-two
windows studies or simultaneous radiochemotherapy);80

new combinations of old drugs; old drugs in high doses
with stem-cell support; novel drugs;80 chemotherapy
supported by molecular engineering/gene therapy; and
interstitial chemotherapy with either polymers or direct
installation of chemotherapy. Using high-dose chemother-
apy can improve the delivery of drugs that do not cross
the blood–brain barrier at conventional dosages and will
achieve high concentrations within the tumor. The best
role of autografting is most likely to be in consolidation
therapy for children with chemoresponsive tumors and
minimal residual disease. Indications for dose intensifi-
cation have yet to be established. While the cumulative
response rate of published series is 18 per cent,80 it remains
to be seen whether this method will improve event-free
survival. Publications are scarce; in addition, they generally
combine patients with measurable disease and patients
who receive high-dose chemotherapy as a consolidation.
International guidelines for conducting and reporting
pediatric HGG studies that are in the process of develop-
ment will help to overcome these problems.

Immunotherapy

Malignant brain tumors have long been considered model
diseases for the development of immunotherapy concepts,
since they develop in an immunoprivileged environment
and it is far more likely to create an immune response to
antigens that did not have prior contact with the immune
system. The blood–brain barrier in HGG is leaky,112 allow-
ing effector cells and antibodies to penetrate tumor 
tissue.113 However, by the time this penetration becomes
possible, malignant gliomas have also developed immuno-
suppressive mechanisms, such as transforming growth

Table 14.3 Details of two armed (controlled) treatment studies in children with high-grade glioma

Ref. Group Standard treatment Experimental arm Result

73 CCG RT only RT � CCNU/VCR/Pred Chemotherapy better
74 CCG CCNU/VCR/Pred 8-in-1* No difference
Unpublished POG BCNU/CDDP Cyc/VP16 BCNU/CDDP better
75 GPOH CDDP/CCNU/VCR HIT-91S HIT-91S better only after GTR

BCNU, carmustine; CCG, Children’s Cancer Group; CCNU, lomustine; CDDP, cisplatin; Cyc, cyclophosphamide; HIT-91S,
ifosfamide/VP16 � high-dose methotrexate � cysplatin/cytosine arabinoside; GPOH, Gesellschaft Pädiatrische Onkologie und
Hämatologie; GTR, gross total resection; POG, Pediatric Oncology Group; RT, radiotherapy; VCR, vincristine; Pred, prednisone.
* 8-in-1: vincristine, hydroxyurea, procarbazine, lomustine, cisplatin, cytosine arabinoside, high-dose methylprednisolone, and
either cyclophosphamide or dacarbazine.
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factor beta (TGF-�)114–116 and interleukin 10 (IL-10).117

If an immunological method could be developed that
overcame those immunosuppressive mechanisms, then a
major step forward could be made. Unfortunately, the first
approaches using specific antibodies or non-specific
immune stimulatory cytokines and killer cells have not yet
been successful. At the time of writing, tumor vaccination
with ex vivo purged autologous dendritic cells is being
tested for clinical efficacy.118

Anti-angiogenesis and induction of
differentiation

Malignant gliomas are highly vascularized and they may
be an appropriate target for anti-angiogenic treatment.119

The approach is most likely to succeed in large,
contrast-enhancing lesions that have their own vascular
supply. Agents directly targeting endothelial cells or neu-
tralizing angiogenic signals are in the clinical testing
phase.120–122 Another approach is to modify intracellular
signaling of glioma cells, thus blocking the production of
angiogenic signals.123 Similarly, the malignant pheno-
type of the glioma cell can be altered, inducing a high
degree of differentiation. Molecules such as valproic
acid124–126 and butyric acid127 are in clinical testing.

Supportive care

Glucocorticoids can improve clinical symptoms and signs
within a single day. The improvement appears most

Table 14.4 Conventional-dose chemotherapy phase II trials/pilot studies for children with high-grade glioma

Relapsed (R) or newly 
Ref. diagnosed (N) Drug and dose Response

81 R Carboplatin 175 mg/m2 0/6
82 R Carboplatin 560 mg/m2 0/15
83 R Carboplatin 560 mg/m2 2/19
83 R Iproplatin 270 mg/m2 0/12
84 R Cisplatin 120 mg/m2 0/10
85 R Cisplatin 120 mg/m2 0/2
86 R Cisplatin 120 mg/m2 0/1
87 R Cisplatin 120 mg/m2 1/9
88 R Cisplatin 120 mg/m2 2/16
89 R Ifosfamide 6000 mg/m2 0/4
90 R Ifosfamide 9000 mg/m2 1/16
91 R, N Cyclophosphamide 2–5000 mg/m2 0/11
92 R Cyclophosphamide 2–5000 mg/m2 2/13
93 N Cyclophosphamide 2000 mg/m2 � 2 4/10
93 R Cyclophosphamide 2000 mg/m2 � 2 0/7
94 R PCNU 70–125 mg/m2 3/12
95 R Thiotepa 65 mg/m2 0/18
96 R Procarbazine 2.1 g 0/1
97 R Diazoquine 45 mg/m2 1/13
98 R Idarubicin 15 mg/m2 3/19
99 R Etoposide 375 mg/m2 3/9

100 R Etoposide 450 mg/m2 0/14
101 R VM26 155 mg/m2 0/1
102 N, R Topotecan 5.5–7.5 mg/m2 0/9
103 R Topotecan 3–3.75 mg/m2 0/13
104 R Methotrexate 18.45 mg/m2/week 1/19
105 R Methotrexate 5000 mg/m2 0/1
106 N Methotrexate 8000 mg/m2 2/2
75 R Trofosfamide � VP16 2/12

107 R Ifosfamide � VP16 1/16
108 R CCNU � VCR 0/5
109 R MOPP 4/13
110 R, N 8-in-1* 5/15
111 R, N 8-in-1* 10/27

Total All treatments 47/370 (11%)

CCNU, lomustine; MOPP, mechlorethamine, vincristine (Oncovin™), procarbazine, prednisone; VCR, vincristine; VM26, teniposide.
* 8-in-1: vincristine, hydroxyurea, procarbazine, lomustine, cisplatin, cytosine arabinoside, high-dose methylprednisolone, and
either cyclophosphamide or dacarbazine.
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remarkable in tumors with large peritumoral edema,
although it remains uncertain whether reducing edema is
the predominant mechanism of action. Glucocorticoids do
not increase survival time or cure rates. On the contrary,
there is preclinical evidence that glucocorticoid treatments
might diminish the efficacy of chemotherapy128 or increase
side effects.129 Using glucocorticoids routinely, even in the
absence of clinical signs, is therefore not advisable.

PROGNOSTIC CONSIDERATIONS

Age

Age does not seem to have an important impact on sur-
vival in childhood, except in children under three years of
age.12,74,130 In the series of Duffner and colleagues, which
included 16 children under the age two of years and
treated by chemotherapy until they reached three years of
age, the response rate to chemotherapy was six per cent
and the progression-free survival was 54 per cent.131

Histology

In contrast to adult studies in which the survival of patients
with glioblastoma multiforme (GBM) is shorter than for
patients with anaplastic astrocytoma, in series of children
malignant gliomas, histology does not seem to have a major
influence on survival.12,74,130,132 While some reports
demonstrate statistically significant differences of 30–50
per cent in favor of those with anaplastic astrocytoma,73

older series and series in which no central pathology review
was done must be viewed cautiously. In the CCG 945 study
using World Health Organization (WHO) criteria, there is
a significant difference in the five-year progression-free sur-
vival between grade III (28 per cent) and grade IV (16 per
cent) gliomas. Interestingly, the five-year progression-free
survival of “other” malignant gliomas is 64 per cent. The
prognosis of oligoastrocytomas remains unclear, particu-
larly in children. While the combined loss of 1p and 19q
was identified as a univariate predictor of prolonged overall
survival among patients with pure oligodendroglioma, this
favorable association was not evident in patients with astro-
cytoma or mixed oligoastrocytoma.4 The response rate – as
high as 69 per cent in adult patients – and overall survival
are not known in children. In the Société Francaise
d’Oncologie Pédiatrique (SFOP) studies, the median pro-
gression-free survival of the 13 children reviewed as having
a malignant oligodendroglioma was only seven months 
(P. Chastagner, personal communication).

Tumor location and extent of resection

Extent of resection is considered to be a dependent of
tumor location. Most pediatric studies that suggest a

strong correlation between extent of resection and out-
come have not controlled for the possible confounding
influence of tumor location. In the St Jude’s and CCG
945 studies, extent of resection is an independently sig-
nificant prognostic factor.12,13

CONCLUSIONS

Without treatment, the median progression-free survival
of children with malignant glioma is six months. Radiation
therapy doubles this time. Multimodal aggressive treat-
ment, including radical resection irradiation and intensive
chemotherapy, can result in cure, in particular in focal
cortical tumors.14,133

HGGs remain a major therapeutic challenge. Prognosis
remains very poor compared with the majority of tumors
(CNS and non-CNS) arising in the pediatric population.
HGGs are rare in children compared with adults. There-
fore, although pediatric HGGs are not necessarily identi-
cal to adult HGGs in terms of biological behavior, it is
important to take into account adult experience from the
literature. In Europe, it will be essential to conduct inter-
national collaborative studies for children with HGG.

In the clinical setting, very difficult management deci-
sions frequently have to be made. It is often necessary,
particularly in the setting of the treatment of relapsed or
progressive disease, to balance the likely morbidity of
retrieval therapy versus the frequently poor outcome
from this therapy.

One of the major priorities for collaborative groups is
the identification of potentially useful new chemothera-
peutic or novel biological agents. It is generally consid-
ered that the best opportunity for testing new agents and
correctly identifying response is before radiotherapy in
the form of an “up-front window study.” However, at
present, radiotherapy remains the main modality of
therapy for extending the period of progression-free sur-
vival. It will be important to avoid continuing too long
with ineffective systemic therapy and thus missing the
opportunity to employ radiotherapy at a time when the
child is at his or her optimum performance status.

In the multidisciplinary management of these chil-
dren and their families, it is important to adopt a holistic
approach, including supportive care and symptom con-
trol considerations.
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INTRODUCTION

Tumors located in the brainstem are difficult to diagnose
initially because of their fluctuating and frequently indis-
tinct symptomatology. There are difficulties in correlating
imaging characteristics with histological and biological
features because of clinical controversies surrounding
the risks and benefits of diagnostic biopsy within the
brainstem. They are difficult to treat, as surgery has a role
limited to the relief of raised intracranial pressure in
some situations and tumor resection in a small and spe-
cific minority. Adjuvant therapy with radiation is curative
in the minority and therefore is only palliative in the
remainder. Apart from steroids, chemotherapy and other
drug treatments are given only within clinical trials, which
have yet to identify an effective agent or combination of
agents in this major anatomical tumor subgroup (diffuse
intrinsic pontine). Steroids can provide temporary relief of
the signs and symptoms at presentation, but their sus-
tained use leads inevitably to worsening disability and
distressing side effects, including personality change. These
facts, when put together for a child and family facing up
to the diagnosis, provoke strong emotion, which can lead
to disbelief and an overwhelming urge to seek alternative
opinions and treatments. Skills in communication there-
fore are central to the management of a child with a tumor

in this region of the brain. Most of all, however, reliable
selection of patients for whom there is effective treatment,
coupled with the development of research strategies to
investigate tumor biology and novel therapies for whom
there are no current effective treatments, must be the
goal shared by those who are referred these patients for
specialist advice.

In this chapter, we aim to demonstrate how careful
assessment of anatomical and, where appropriate, imaging
and histological characteristics will guide the multidisci-
plinary neuro-oncology team to predict outcomes and
select patients for curative, palliative, or experimental
treatments. We will review evidence for the effectiveness of
diagnostic and therapeutic approaches. We will use case
scenarios to illustrate key points and conclude with recom-
mendations for future avenues of research/clinical trials.

EPIDEMIOLOGY

Brainstem gliomas (BSGs) account for about 8–15 per cent
of all brain and spinal tumors.1 They occur most com-
monly in mid to late childhood, although they can occur
in the first months of life. There is no sex predominance.
From the UK Children’s Cancer Study Group (UKCCSG)
registry, data concerning the histology and survival of
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brainstem tumors are emerging. The registry cannot cur-
rently discriminate between tumors of different anatom-
ical locations within the brainstem. However, it does show
that the majority (56.9 per cent) of patients with brain-
stem tumors are not being biopsied and are presumed,
therefore, to be typical pontine gliomas (Table 15.1). Of
the biopsied cases, 90 per cent are astrocytic tumors, a
third of which are labeled as high-grade; the remainder
are labeled with other histologies, including ependy-
moma, primitive neuroectodermal tumor (PNET), gangli-
oglioma, and rhabdomyosarcoma. Astrocytic tumors in
the brainstem account for 13 per cent of all central nerv-
ous system (CNS) astrocytic tumors, just over a third
(36.2 per cent) of which are labeled as high-grade. Using
these categories in the registry over a prolonged time
period, five-year survival rates range from eight to 53 per
cent (Figure 15.1). High-grade astrocytoma and unspec-
ified tumors have the poorest prognosis (nine and eight
per cent five-year survivals, respectively), while low-grade
astrocytomas have a 53 per cent five-year survival. There
may be an emerging trend for improving survival rates in
the more recent time period. However, these figures do
coincide with recent increases in registration rates for CNS
tumors in the UK, generally, as well as the introduction
of a national study of low-grade astrocytoma, which may,
by expanding recruitment, be introducing a favorable
bias to the register compared with previous time periods.

HISTOLOGICAL TYPES ENCOUNTERED

All variants of low-grade (fibrillary/pilocytic/protoplas-
mic) astrocytic tumors and high-grade (anaplastic/
glioblastoma multiforme) astrocytic tumors occur in this
location. The true incidence is not known, since diffuse

intrinsic tumors have not been biopsied routinely and
postmortem examination is a rare event. In our own 
limited series of biopsied (n � 18) diffuse intrinsic tumors,
glioblastoma multiforme accounted for 44 per cent,
anaplastic astrocytoma for 28 per cent, and low-grade
astrocytoma for 28 per cent (Table 15.2).2 The presence
of 28 per cent low-grade tumors in this group raises the
possibility that the diffuse intrinsic phenotype is not reli-
ably predictive of high-grade tumors. This may account
for the small number of long-term survivors reported in
most series (e.g. see Tables 15.6 and 15.7). Secondly, the
transient nature of post-biopsy complications in experi-
enced hands justifies further consideration being given to
the use of this technique in clinical trials of novel therapies
in this disease. Other histologies in this part of the brain
include PNET, ependymoma, and other rare glioma vari-
ants (ganglioglioma/oligodendroglioma). A more diverse
range of histologies is observed in patients in the adult
age range.3 Tumors arising within the tectal plate are
most commonly low-grade astrocytic tumors, as are
those identified at the cervicomedullary junction.4–15

ANATOMY OF BRAINSTEM TUMORS

We define the brainstem as extending from the junction
with the midbrain (tectal plate) to the medullary cervical
junction (Figure 15.2). “Brainstem glioma,” (BSG) there-
fore, is a term describing a collection of anatomically
related tumors with characteristic appearances on com-
puted tomography (CT) scanning and magnetic reso-
nance imaging (MRI). This part of the brain, whilst being
only one-fifth of the volume of total brain, contains all of
the cranial nerve nuclei that are involved in appreciating
taste, hearing, and cutaneous sensations of touch,

Table 15.1 UKCCSG brainstem tumors, 1977–1999

Age at diagnosis (years)

Tumor type 0 1–4 5–9 10–14 Total

Gliomas
Low-grade astrocytoma 0 34 32 19 85
High-grade astrocytoma 0 17 45 16 78
Unspecified astrocytoma 2 9 22 16 49
Other and unspecified glioma 5 80 179 46 310
Unspecified tumor 1 6 9 7 23
Total 8 146 287 104 545

Other tumors
Ependymoma 0 6 5 3 14
PNET 2 4 1 0 7
Ganglioglioma 0 1 1 0 2
Rhabdomyosarcoma 0 1 0 0 1

PNET, primitive neuroectodermal tumor.
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Table 15.2 Histology, deficits, and survival following stereotactic biopsy of diffuse brainstem gliomas2

Age Symptom No. of No. of Additional Added postoperative Duration of Survival
Patient (years) Sex Site duration Histology targets biopsies surgery deficit new deficit (months)

1 7 M Pons/midbrain 2 months GBM 3 3 – Nil – 2
2 9 F Pons/midbrain 4 months AA 1 1 – Nil – 48
3 0.5 M Midbrain 6 months GBM 3 4 Cyst aspiration Nil – 4
4 5 F Pons 6 weeks GBM 3 3 Cyst aspiration Hemiparesis VII palsy 2 days 18
5 3 M Pons 2 weeks GBM 3 3 VP shunt Nil – 3
6 9 F Pons 6 months AA 3 3 VP shunt Nil – 16
7 5 F Pons 2 months GBM 3 3 VP shunt Nil – 5
8 4 F Pons/midbrain 18 months LGA 2 2 VP shunt Eye movements 5 days 17
9 6 M Pons 4 weeks GBM 2 2 – Nil – 9

10 5 F Pons 2 months LGA 2 4 – Nil – 32
11 9 F Pons 3 weeks LGA 2 3 – Nil – 11
12 7 M Pons 2 weeks GBM 2 3 – Nil – 1
13 9 M Midbrain 4 days LGA 1 1 – Eye movements 7 days 17
14 6 M Pons 2 weeks AA 1 1 – Hemiparesis 3 days 4
15 9 F Pons/midbrain 3 months LGA 1 1 – Nil – 24
16 10 F Midbrain 4 weeks AA 2 2 VP shunt Eye movements 5 days 19
17 4 F Pons 4 months GBM 3 4 – Nil – 7
18 6 F Pons 5 weeks AA 2 4 – Nil – 10

AA, anaplastic astrocytoma; GBM, glioblastoma multiforme; LGA, low-grade astrocytoma; VP, ventriculoperitoneal.
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pressure, and pain, particularly of the anterior scalp and
face. The brainstem nerve fibers carry messages for bal-
ance and coordination of movement and speech as well
as eye movements, facial expression, chewing, swallow-
ing, protective mechanisms of the upper airway, and
movement of the neck, upper and lower limbs, and trunk.
The reticular system in the brainstem controls levels of
consciousness and a variety of visceral functions, includ-
ing heart rate, respiratory rate, and vomiting.

SYMPTOMATOLOGY AT PRESENTATION

Common presenting symptoms are those of cranial nerve
dysfunction, producing any or all of the following: dyscon-
jugate eye movements, diplopia, facial weakness, facial
sensory loss, dysphagia, and dysarthria.16 Other symp-
toms may include weakness and/or ataxia of one or more
limbs, signifying involvement of the corticospinal path-
ways and cerebellar connections, respectively. Headache
and vomiting can occur, although clinically significant
raised intracranial pressure and papilledema are rela-
tively unusual, except in later stages of disease progres-
sion. A fluctuating course is common and may include
fluctuations in mood and behavior, which can give rise to
confusion with inflammatory pathologies.17 More pro-
longed histories (several weeks to several months) indi-
cate slower-growing tumors. Faster-growing tumors can
precipitate dramatic neurological deterioration over a
few days or weeks. In younger children (under three
years of age), failure to thrive, often associated with
unexplained vomiting, may be mistaken for a gastroin-
testinal or nutritional problem. The motor symptoms
can then be regarded incorrectly as developmental delay
secondary to the poor state of nutrition, and a further
delay in diagnosis follows. The exceptions to the above
patterns of presentation are tumors of the tectal plate of
the midbrain and dorsally exophytic growths of the
medulla, both of which produce raised intracranial pres-
sure due to hydrocephalus as the major symptom.

ESTABLISHING THE DIAGNOSIS

The ready availability of modern neuroimaging makes
confirmation of the clinical diagnosis of a brainstem
tumor in a child disarmingly simple, provided that the
need for such imaging is identified by correct attention
to the presenting clinical features. Diagnosis by CT and
MRI gives clear definition of the site, extent, and direc-
tion of growth, as well as the nature of the tumor, e.g.
focal, diffuse, solid, or cystic.18–20 Symptoms at presenta-
tion are dictated by the level of the lesion in the brain-
stem (midbrain, pons, medulla) and by the rate and
direction of growth of the tumor. Delays in diagnosis
may be a problem if there is a lack of appreciation of the
significance of symptoms and signs21–24 and can lead to
enhanced distress for the child and parents.

NEUROFIBROMATOSIS TYPE 1

Patients with neurofibromatosis type 1 (NF-1) have a
predisposition to develop astrocytic tumors, which most
commonly occur in the region of the hypothalamus/optic
chiasm. They can also occur, less frequently, in the brain-
stem.25–27 They may be confused with unidentified bright
objects (UBOs) on MRI; furthermore, enlargement of the
brainstem is a recognized feature of patients with NF-1.
These abnormal appearances can enlarge and recede
asymptomatically during childhood and adolescence.
Magnetic resonance spectroscopy (MRS) has been shown
to assist in differentiation between UBOs and tumor.28

Brainstem tumors associated with NF-1 are more com-
monly medullary in location. Indications for treatment are
based predominantly on the severity and rate of progres-
sion of symptoms. Selection of patients for surgery in order
to relieve raised intracranial pressure and biopsy/debulk
tumor is discussed below. Treatment with radiotherapy is
associated with enhanced risk of serious neurotoxicity,
characterized by clinical deterioration due to progressive
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neurological symptoms centered upon brainstem function
and necrotic deterioration of the tumor. A cautious
approach is recommended, reserving radiotherapy for
patients with troublesome and progressive symptoms that
are linked clearly to tumor progression.26,27,29,30

INITIAL ASSESSMENT

The first step to successful clinical management is to
establish an effective clinical working relationship between
the multidisciplinary team and the family. There must be
a consensus on the anatomical and imaging classification
of the tumor within the clinical team before meaningful
parental counseling can be commenced. Where there is
not consensus, the team must resolve this by seeking
other opinions and agreeing a strategy. If the agreed diag-
nosis is diffuse intrinsic pontine glioma, then parental
counseling is not easy, since with conventional treatment
there is so little hope to offer. The scene for success or
failure in this process is often set at the outset by the
approach taken by the individual who breaks the initial
bad news. The “Right from the Start Principles” should
be followed (see Chapter 28).31 Neurosurgical options
are often an early subject of discussion. The use of
phrases such as “inoperable tumor” is likely to bias the
rest of the emotional management strongly towards frus-
tration and failure. It is crucial that the neurosurgeon
takes the time to explain the rationale behind the surgical
decisions; in the case of diffuse intrinsic pontine glioma,
it helps the family to understand that operation is not
“impossible” but rather “unhelpful.” Neurosurgeons deal-
ing with these cases must accept the need for a child- and
family-centered approach, otherwise they should pass the
case to a neurosurgical colleague who understands that the
pediatrics is as important as the neurosurgery. Families
appreciate an early introduction to the concept of the
pediatric neuro-oncology team and its links to national
and international trials groups.32,33 These organizations
provide a network of pediatric specialists through whom
alternative opinions can be sought in the knowledge that
they are linked to recognized children’s cancer centers.

In cases where intracranial pressure is controlled yet
there is rapid progression of symptoms, emergency/
urgent radiotherapy may be needed to preserve life and
therefore initiate effective palliation.

SYMPTOM CARE

The nursing and rehabilitation teams face considerable
difficulties in supporting an increasingly disabled child
and severely shocked family. They have to provide advice
and support for a child who develops severe progressive

neurological disability, which can lead rapidly to death.
Symptoms can fluctuate widely in severity, despite treat-
ment, without clear reason. The full range of focal 
neurological symptoms can occur. Pain is not common,
except where there is raised intracranial pressure or
cervical/exophytic extension. Fluctuating levels of con-
sciousness are common, and periodic breathing can per-
sist for days or weeks as the tumor advances. Alterations
in personality or behavior are also common, due to the
effects of prolonged steroid use or changes of discipli-
nary boundaries in the family or as a result of frustration
or boredom with reduced neurological performance.
Cognitive abilities are generally preserved: the authors
have witnessed remarkable children who, despite severe
and progressive neurological disabilities, have insisted 
on attending school throughout their illness. Efforts to
maintain involvement in normal activities are often the
most effective way of relieving the distress. Effective liai-
son with schools can assist greatly in this area. Parents and
family members frequently acquire and endure consider-
able personal disability linked to the inevitable emotional
burden as well as the heavy nursing load that these chil-
dren present. Access to social, psychological, and financial
support is critical to maintain effective palliation. Back
pain among parents is common from lifting and carrying
the disabled child. Urgent provision of aids and home
adaptations to support home care are high priorities,
requiring assessments by occupational therapists and
physiotherapists early in the child’s illness (see Chapter 25).

Corticosteroids in symptom management

The use of corticosteroids (principally
dexamethasone) is a widespread yet poorly defined
clinical practice.34,35 There is no doubt that
prolonged use of dexamethasone leads inevitably to
the development of Cushing’s syndrome.
Furthermore, in children with BSG, it also ultimately
leads to worsening disability due to a combination of
excessive weight gain, proximal myopathy, metabolic
disturbance, cutaneous striae, and facial and body
disfigurement. This set of symptoms is extremely
distressing for the child and family. The change in
personality can severely disrupt the child’s relationship
with parents and siblings. The excess weight gain in a
disabled child reduces their capacity for independent
mobility and can lead to parental musculoskeletal
injuries from the physical burden of lifting and
carrying a heavy and disabled child.

It is our practice to explain to all families that
prolonged courses of steroids will be used only 
while arrangements are made to deliver specific
treatments to relieve raised intracranial pressure,
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THE ROLE OF SURGERY

General

As with all CNS tumors in childhood, the role of surgery
is directed at the control of raised intracranial pressure,
the provision of tissue for accurate histological diagnosis,
and the physical reduction of tumor burden, with the inten-
tion of improving focal neurological dysfunction. The
actual role of surgery relates to the site of the lesion and
its gross morphological characteristics, as judged on MRI.
Detailed gross morphological classification of brainstem

tumors is now possible with both CT18 and MRI.19,20

Subgroups identified by site and imaging characteristics
require specific management (Table 15.4). Whenever
tumor debulking is being considered, the neurosurgeon
needs to consider the risks and benefits as regards opera-
tive mortality and worsening neurological disability.

Midbrain tumors

TECTAL PLATE TUMORS

Focal tumors of the tectal plate are often small and pro-
duce hydrocephalus with or without midbrain eye signs.
They are usually low-grade astrocytomas, and surgery is
restricted to control of the hydrocephalus, preferably by
NTV36 rather than by insertion of a ventricular shunt, so
as to avoid the morbidity associated with the latter.37

Although typically indolent,38 careful follow-up with
annual MRI is required, as a number of tumors will
progress,39 at which time open operation to establish a
firm diagnosis and to reduce tumor bulk is indicated.
The occasional tumor will be large at presentation, span-
ning the pineal region and midbrain. Estimation of
serum levels of alpha-fetoprotein (AFP), beta-human
chorionic gonadotrophin (�-HCG), and placental alka-
line phosphatase (PLAP) will detect the small numbers
that are non-germinomatous germ-cell tumors. It is crit-
ical that these tumors are identified correctly, as their
treatment is specific and often highly effective, delayed
surgery after chemotherapy being associated with reduced
morbidity.40 Biopsy may be feasible at the time of NTV.
For the remainder, which are usually low-grade astro-
cytomas or gangliogliomas, open operation is indicated.

e.g. neuroendoscopic third ventriculostomy (NTV),
shunt insertion, or radiotherapy. If, at other times,
symptoms of raised intracranial pressure occur due
to tumor progression, which is a rare event in the
brainstem, then we use steroids in short courses of
three to five days so that their benefits can be
assessed by the child, family, and physician. If there
is symptomatic improvement, then dexamethasone
is stopped after five days with no tailing period and
restarted only when the symptoms recur. Commonly,
we see more than a week of symptom stability with
this approach. We do not initiate steroids for
progressive neurological symptoms as a routine,
although if the symptoms are severe and progressive
during or immediately after radiotherapy, then a
three- to five-day (sometimes longer) trial of steroids
is used to try to control these symptoms; the steroids
are then stopped. We provide the family with a
further supply of medication so that they can be
started with minimal difficulty, at their own
instigation, or after telephone consultation. This
approach requires cooperation by all members of the
clinical team. The prompt, transient neurological
improvements that occur with the use of
corticosteroids in the very difficult circumstances
before radiotherapy/surgery are often,
understandably but mistakenly, grasped by parents
and doctors alike as a sign of a treatment effect.
We routinely give an antacid with dexamethasone to
limit dyspeptic symptoms (Table 15.3).

By adopting this policy, the family has the
opportunity to assess the benefits of steroids and is
given a supply of steroids that allows them to initiate
further treatment if they feel it is indicated. We have
found that families frequently choose to withhold
steroids when neurological improvements are seen
to be minimal. The severely steroidal, terminally ill
child with a brainstem tumor is no longer a feature
of our clinical practice.

Table 15.3 Steroid schedule for control of symptoms of raised
intracranial pressure due to brainstem tumor

Indications Symptoms of raised intracranial pressure
Preparation for neurosurgery
Antiemetic
Control of symptoms during delivery of 
radiotherapy

Drug Dexamethasone

Route Oral/intravenous

Starting dose 5–10 mg/m2/day in divided doses, or 
0.16–0.32 mg/kg/day in divided doses

Maximum dose 16 mg/day; keep doses as low as possible

Notes For raised intracranial pressure, where no
other strategy is to be employed, use short 
courses (3–5 days) and repeat, if effective, 
when symptoms return
For prolonged courses, use concomitant
antifungal and antacid preparations
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Table 15.4 Consensus for surgical management of brainstem tumors (UK Paediatric Neurosurgical Group)

Anatomical site/imaging 
characteristics Likely pathology Surgical management

Midbrain
Tectal plate Low-grade astrocytoma; exclude Observe/CSF diversion if 

non-germinomatous germ-cell tumors necessary, consider debulking 
by measuring tumor markers if tumor progresses

Other As for pons As for pons

Pons
Diffuse High-grade astrocytoma No biopsy; proceed to radiotherapy
Focal solid/cystic Low/high-grade astrocytoma Drain cysts/debulk solid component,

RT depending on severity of neurological signs
Exophytic Low/high-grade astrocytoma Debulk

Medulla As for pons Neurological; results of surgery poor

Cervicomedullary Low-grade astrocytoma Radical removal

CSF, cerebrospinal fluid; RT, radiotherapy. From Richard Hayward, personal communication.

(a)

(b)

Figure 15.3a,b Tectal plate tumor: (a) sagittal views T1 and (b) Ciss.

Tectal plate tumors

A six-year-old boy presented with intermittent 
signs of raised intracranial pressure, with headache,
vomiting, and intermittent sixth nerve palsy.
This precipitated a CT scan, which showed a 
tumor in the midline around the tectal plate,
obstructing the exit of the third ventricle, and
associated with triventricular hydrocephalus 
(Figure 15.3). The patient was treated initially 
with intraventricular shunting, but he had problems
with multiple shunt revisions due to infection 
and blockage. Subsequent NTV was performed
successfully, decompressing the ventricular system.
After a period of five years, there has been no
progression of the tumor. Biopsy was not 
performed, but the tumor is assumed to be a 
low-grade glioma.

Tectal plate tumors present due to obstructive
hydrocephalus and frequently do not progress.
Therefore, specific therapy to remove or treat 
the tumor is not justified on the basis of
benefits versus risks. Relief for the hydrocephalus 
is a primary course of action, as is close 
observation of the tumor to look for evidence 
of progression. Surveillance scans will identify 
the character of the lesion with respect to its 
capacity for progression.
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TEGMENTUM TUMORS

Focal tumors of the tegmentum are usually low-grade
astrocytomas or gangliogliomas and should be resected.8

Diffuse tumors confined to the tegmentum are rare and
should undergo image-guided stereotactic biopsy.

Pontine and medullary tumors

DIFFUSE TUMORS

These are by far the most common brainstem tumors.
They are assumed to be high-grade, although our own
series suggests that up to 25 per cent may be low-grade.
Surgery of any sort, beyond that occasionally needed to
relieve hydrocephalus, is not normally carried out, as the
typical appearances on MRI are considered characteristic
and reduction in tumor bulk serves only to add to the
child’s misery.41 Although biopsy can be performed safely
by image-guided stereotaxy (Table 15.2),2 there are cur-
rently no indications for such a procedure in children
with a short history and typical MRI appearances, as it will
not alter management strategy.42 This view may change if
biological or imaging markers are identified that can pre-
dict more precisely the sensitivity of the tumor to ther-
apy or other biological characteristics that are important
for planning therapy, e.g. risk of metastasis.43–45

FOCAL TUMORS

These are either solid or partially cystic, have an aspect
abutting on the fourth ventricle, and are not associated
with alteration in speech or swallowing. This is especially
so in tumors with a long clinical history, which are usu-
ally low-grade astrocytomas or gangliogliomas. Operation
with a view to resection should be considered. Complete
removal is not possible, but the residuum may not
progress and an expectant policy is recommended fol-
lowing surgery. By contrast, if the history is short, there
are bulbar symptoms, and the tumor is solid and placed
low in the brainstem, then the morbidity of intervention
is likely to be high and resection is best avoided.10

The limiting factor will always be the concern regarding
serious morbidity consequent upon loss of bulbar func-
tion. Recent and anticipated advances in intraoperative
neurophysiological mapping may assist in reducing neu-
ral damage.46 Once the surgical techniques have been
optimized, there will be a requirement for a prospective
randomized study to establish the approach that achieves

Diffuse intrinsic pontine tumors

A five-year-old boy was referred to a child
neurologist with a short history (two weeks) of
increasing leg weakness, to the point that he could
walk for only a few meters and was incapable of
going up the stairs in his home. His medical history
was unremarkable, except for febrile seizures during
the first four years of life, for which, at the age of
3.5 years, he had a head CT, which was negative.
Talking with the parents, a subsequent history of
voice change and drooling was elicited as well as
some episodes of difficulties in starting urination.

On neurological examination, multiple cranial
nerve deficits, involving the right VI and VII cranial
nerves, loss of corneal and gag reflexes, and a
bilateral lower extremities paresis, worse on the left,
with brisk reflexes and a positive Babinsky sign on
the left were noted. A head MRI was obtained, and a
huge, totally intrinsic, hypointense, non-enhancing
pontine mass was identified (Figure 15.4). No biopsy
was requested, due to the unequivocal MRI findings
and the fears of performing a biopsy of an intrinsic
pontine lesion and of not obtaining sufficient material
to be representative of the entire mass. Thus, based

on the neuroradiological findings, the diagnosis of
an intrinsic pontine glioma was formulated.

The child was put on steroids, and he rapidly
improved neurologically. He was then treated with
external beam irradiation according to the
conventional 54 Gy daily fractionated regime.
Concurrently, he was also treated with a cisplatin-
based chemotherapy regimen, according to the local
institutional protocol. He tolerated the entire
treatment well, and at the end of radiotherapy he
was off steroids, but on neuroradiological assessment
the mass had not changed significantly in size.

Three months after stopping radiotherapy, the
child’s neurological condition deteriorated, with
increased motor weakness and cranial nerve deficits.
The parents, aware of the severe prognosis of their
child, refused any further therapy, and the child died
of his disease eight months after diagnosis.

This is a familiar story for a child with diffuse
intrinsic pontine glioma. The histological grade of
the tumor is unknown, but in Cartmill’s series of
18 patients, eight were glioblastoma multiforme
(GBM), five were anaplastic astrocytoma, and five
were low-grade astrocytoma.2 The short history 
in this case is compatible with a high-grade lesion
(and the previously normal CT scan). Steroids
produced an early symptomatic response,
prolonged by radiotherapy, although post-radiation
scanning failed to identify signs of tumor shrinkage
and symptoms recurred within three months,
leading to progressive neurological deterioration 
and death.
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the best balance of toxicity, quality of life, and survival.
This remains an area in which the surgeon has a very spe-
cial responsibility to focus on the best interests of the
child, which are paramount.

Children with a focal lower brainstem lesion and with
a short, rapidly progressive history and very focal signs
should undergo biopsy, as the lesion may be a PNET.47

DORSALLY EXOPHYTIC TUMORS

These are low-grade astrocytomas or gangliogliomas that
have grown out of the brainstem into the fourth ventricle.
The symptoms are slowly progressive and usually include
features of raised intracranial pressure. Partial resection
is indicated, and long-term remission without the need
for adjuvant therapy is the rule.8,30

(a)

(b)

Exophytic medullary brainstem tumor: the
importance of detailed counseling

A three-year-old girl presented with a year’s history
of intermittent head tilt, “funny” eye movement, fine
tremor, and absence attacks. This constellation of
neurological signs precipitated the performance of a
CT scan and an MRI scan, which demonstrated an
enhancing mass arising from the medulla, involving
the cerebellar peduncle, and growing down to the
foramen magnum (Figure 15.5a).

This was reviewed by the neuro-oncology
multidisciplinary team. They could see no evidence
of raised intracranial pressure requiring surgical
treatment. They discussed, during counseling with
the family, the pros and cons of considering biopsy.
The family was reluctant to subject the child to an
operation when neurological damage was a risk. The
prognosis for this brainstem tumor was considered
to be poor. The family elected to treat the child
palliatively with analgesia, antiemetics, and sedatives
in order to alleviate any symptoms. This clinical
course of action was pursued for more than a year,
during which time the child started to attend school.
There were behavioral problems.

Re-imaging 14 months after diagnosis showed no
change in the size of the exophytic medullary tumor.
Further re-imaging 26 months after diagnosis,
however (Figure 15.5b), showed spontaneous
regression of the exophytic tumor. During the second
year of follow-up, medications that had been in use
to relieve pain and discomfort were discontinued.
The girl continued at school and made good progress.
She now has no residual neurological abnormality.

This remarkable case emphasizes the importance
of being clear in the anatomical definition of
brainstem tumor and the importance of histological
diagnosis outside the diffuse pontine category for
predicting outcome. We cannot be sure what the
appearances on this scan represent in this child. It
could be a low-grade glioma growing from the
medulla and involving the cerebellar peduncles that
has involuted spontaneously; these are described
clearly in the literature. It could have been a
localizing encephalomyelitis that has resolved

Figure 15.4a,b Diffuse intrinsic pontine glioma: (a) saggital
and (b) axial views.
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CERVICOMEDULLARY TUMORS

These are essentially very rostral intrinsic spinal cord
tumors and are amenable to radical resection48 and sub-
sequent adjuvant therapy according to histological grad-
ing and age of the patient.

spontaneously with time. The absence of a tissue
diagnosis in this case, coupled with a negative view
taken by the parents, resulted in a prolonged period
of “palliative therapy” using powerful analgesics,
antiemetics, and other medications to control the
symptoms for a young girl. Had a clear histological
diagnosis been made, this may have been avoided,
although if it had been diagnosed as a low-grade
tumor, chemotherapy may have been offered to
control tumor progression. In this case, this would
have occurred anyway.

Successful management of these children requires
careful, detailed parental counseling. The use of
second opinions can often help families come to
terms with and develop an understanding of the
meaning of the information they have been given
and, thereby, optimize the chances for a good
outcome for their child with a minimum of toxicity.

Low-grade astrocytoma: medulla

A 12-year-old boy was admitted with a three-month
history of headaches, nausea, and dizziness,
culminating in a blackout. There were no seizures or
localizing neurological signs. On examination, there
were papilledema, horizontal nystagmus, and mild
ataxia. A CT scan showed a large cystic posterior
fossa lesion arising from the medulla and crushing
the fourth ventricle (Figure 15.6). A decision to
operate was made with the purpose of obtaining
histological material and deflating the cyst. NTV was
performed to relieve hydrocephalus. At the same
operation, the posterior fossa cyst was partially
removed and deflated. The fourth ventricle drained
postoperatively, but the tumor appeared to arise
from the top of the medulla oblongata and was not
considered resectable without significant
neurological risk. There were no neurological deficits
postoperatively. His symptoms resolved.

Postoperative MRI showed complete drainage of
the cyst but persistence of the mass in the medulla
oblongata. The hydrocephalus was controlled well.
Histology showed this to be a pilocytic astrocytoma.
Because of the residual disease and the severe symp-
toms, which, if worsened, would significantly detract

(b)

Figure 15.5a,b Exophytic medullary brainstem tumor (a) at
diagnosis and (b) two years later.

(a)
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THE ROLE OF RADIOTHERAPY

Sadly, the majority of children with BSGs for which
radiotherapy is indicated have a poor prognosis. Never-
theless, extreme care in the planning and delivery of the
radiation therapy is essential, the more so if novel strate-
gies are to be employed.

Traditionally, treatment has involved external beam
irradiation using mega-voltage equipment, treating with
1.8-Gy daily fractions to a total of 54–55 Gy via a parallel
pair of opposed fields. The clinical aims of such treat-
ment range from palliation of neurological symptoms in
diffuse intrinsic tumors to eradication of the tumor
residuum after subtotal resection of focal tumors. In all
patients, radiotherapy should start as soon as possible.
For those with disabling symptoms, the urgency is even
greater. The logistics of treating these children as regards
their cooperation, the time taken to make their mask,
identifying machine time, etc., makes the ideal of the
current UKCCSG protocol for BSG to start radiotherapy

within one week of diagnosis (Eric Bouffet, personal
communication) hard to achieve. In practice in the UK, a
recent audit identified that the time to start is usually three
to four weeks (Elaine Sugden, personal communication,
2001). Steroids may be able to control life-threatening
symptoms for a brief period, but longer-lasting benefits

from quality of life, it was decided to initiate radio-
therapy postoperatively to prevent further progression
of this tumor, given the child’s older age. He was
treated with 51 Gy in 31 fractions over 6.5 weeks.
He became unwell with headaches during the course
of radiotherapy, and it became apparent that the
third ventriculostomy had closed off. A ventriculo-
peritoneal shunt was therefore inserted, which resolved
the symptoms, and radiotherapy was completed.

Two and a half years after treatment, this patient
remains well. He is attending school full-time. The
only residual neurological signs are nystagmus,
double vision on right gaze, a mild degree of ataxia,
and occasional intermittent ptosis on the left side.

This case demonstrates the value of obtaining
histological diagnosis in a tumor that could not be
graded on imaging alone, the importance of
managing the symptoms of raised intracranial
pressure with third ventriculostomy or
ventriculoperitoneal shunting, and the decision-
making surrounding the need to select observation
or treatment in tumors at the age of 12 years.
Radiotherapy would be the conventional first-line
adjuvant therapy for a low-grade astrocytoma. In
this case, it was justified by the existence of severe
and debilitating symptoms as a result of the large
cystic component of the tumor, as well as the solid
component within the medulla. Further progression
of this solid component would have caused further
severe symptoms and justified the use of
radiotherapy at this time. We are hopeful that this
treatment will lead to long-term control.

(a)

(b)

Figure 15.6a,b Medullary cystic low-grade astrocytoma at
diagnosis: (a) saggital and (b) axial views.
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Table 15.5 Phase I studies in brainstem glioma

Evaluable Response Response: CR Duration of 
Ref. Drug Dose/schedule patients (n) method and PR/SD/PD response/survival

74 Beta-interferon Dose escalation 8 rec CT/MRI 2/3/3 2 PR: 8 and 16 weeks/ns
50–600 � 106 IU/m2 3 SD: 16, 20 and 32 weeks/ns

75 Temozolomide 500–1200 mg/m2/5-day 10 rec CT 1/2/7 1 PR: 54 weeks
cycle every 28 days

2 SD: 27 and
20 weeks/ns

CR, complete response; CT, computerized tomography; MRI, magnetic resonance imaging; ns, not specified; PD, progressive disease; PR, partial
response; rec, recurrent disease; SD, stable disease.

can be expected only once radiotherapy has been com-
pleted. Symptomatic improvement does not always occur
during radiotherapy, since some patients, particularly
those with NF-1, may experience considerable neurolog-
ical deterioration. This is thought to be related to the
radiation therapy and in some cases is associated with
the development of necrotic cyst within the tumor.29,30

Delivery of radiotherapy

The preparation and immobilization of these children fol-
low the principles laid out in Chapter 10. The indications
for general anesthesia will depend on the age, cooperation,
ability, and wishes of the child and their parents. A supine
cast is required. As a general principle, the treatment vol-
ume of the radiation field should encompass all the site(s)
of disease, with a defined margin to allow for non-image-
able tumor spread into adjacent brain or upper cervical
spine. The pediatric radiation oncologist is hampered 
particularly by often not having histological confirmation
of the tumor type (low- or high-grade glioma). Thus, the
margin between the planning target volume (PTV) and
gross tumor volume (GTV), be it 1–2 cm for low-grade
tumors or 2–3 cm for high-grade tumors, may have to 
be judged differently for each child. This is not such a
problem when relatively large parallel opposed fields are
used to cover the whole brainstem. However, if conformal
techniques are used, even if aided by image fusion, then
lack of knowledge of the degree of differentiation of
the tumor may lead to under- or overdosage of the irradi-
ated volume. This requires, particularly in trials of novel
approaches, unambiguous, tightly written protocols with
real-time review of proposed field placements by the trial
coordinators. Similarly, the delivery of each fraction of
irradiation must be accurate: machine quality assurance
(QA), in vivo dosimetry, and portal imaging must adhere
to the principles described in Chapter 10. The dose/frac-
tionation schedule dictates the balance between tumorici-
dal efficacy and the risks of normal tissue damage.

The optimal target volume and dose/fractionation
schedule has been studied extensively.49 Unfortunately,

conventional treatment (54–55 Gy in 30 fractions over
six weeks) still yields poor results.50 Theoretically, higher
total doses may produce greater control rates, but in
practice a higher cure rate has not been achieved for con-
ventionally delivered doses of 66 Gy. Even biologically
higher doses of radiation can be used. Thus, hyperfrac-
tionated radiotherapy (HFRT), in which multiple, smaller
fractions are given, usually twice per day, has been the
focus of much research over the past decade. The thera-
peutic ratio is likely to be very narrow. Total doses of up
to 72 Gy using HFRT can be given safely,51 but unaccept-
able toxicity ensues at doses of 75.6 Gy.52

These US results (shown in Table 15.8) have been
confirmed in a similar study of twice-daily accelerated
radiotherapy in the UK.53 Occasionally, children with
multifocal/metastatic BSGs require radiotherapy. Doses
and techniques are as for PNET (see Chapter 10). This is
a fast-moving area. At the time of writing, the traditional
54–55 Gy in 30 fractions remains the standard dose/frac-
tionation regimen.

Results of treatment

Most BSGs respond transiently to radiotherapy, as
judged by the alleviation of neurological symptoms; too
low a dose (�50 Gy as opposed to �50 Gy) is definitely
ineffective. There is evidence for improved duration of
survival in patients given higher doses (�50 Gy as
opposed to �50 Gy) of radiotherapy,54,55 but some of
these older studies did not use the McDonald criteria to
assess response (see Chapter 8). For patients with diffuse
pontine gliomas, the duration of response is brief, and
progressive symptoms can be expected at a median of
about nine months after diagnosis (Tables 15.5–15.7).
Patients with localized and histologically benign disease
may have a longer-lasting response, with a 50 per cent
five-year survival rate (see Figure 15.1a).56

Tables 15.8 and 15.9 summarize published reports of
studies of radiotherapy alone and in combination with a
variety of chemotherapy regimens, many of which have
included hyperfractionated accelerated radiotherapy



Table 15.6 Single-agent phase II chemotherapy studies: brainstem glioma

Evaluable Response Response: Duration of response/
Ref. Drug Dose/schedule patients (n) method CR and PR/SD/PD survival

76 Aziridinyl- 9 mg/m2/day � 5 days every 3 weeks 12 rec CT/MRI 0/1/11 ns
benzoquinone 18 mg/m2/week � 4 every 6 weeks 24 rec CT 1/2/21 1 PR: 8 weeks/ns

2 SD: 20 weeks and �144 weeks/ns

77–80 Carboplatin 560 mg/m2 every 4 weeks 18 rec CT/MRI 1/4/13 1 PR:�132 weeks/ns
4 PD: 36, 64, �152 and
�184 weeks/ns

560 mg/m2 every 28 days � 2 courses 23 rec CT/MRI 1/ns/ns PR: 20 weeks/ns
175 mg/m2 weekly � 4 every 3 weeks 8 rec CT/MRI 1/1/6 SD: 16 weeks/ns

81–83 Cisplatin 120 mg/m2 6-h infusion 7 rec Neurological examination 0/2/5 2 SD: 4 and 16 weeks/ns

84, 85 Etoposide (oral) 50 mg/m2/day � 21 days, every 3 rec CT/MRI 0/1/2 ns
28 days, � 2 courses

86 Idarubicin 5 mg/m2/day � 3 IV every 21 days 13 rec ns 0/ns

87 Ifosfamide 3 g/m2/day � 3 IV, every 10 rec CT/MRI 0/2/8 2 SD: 10 and 16 weeks/ns
21 days, � 2 courses

78 Iproplatin 270 mg/m2 every 21 days, � 2 courses 14 rec CT/MRI 0/ns/ns ns

88 Methotrexate 8 g/m2 IV (4 h) � folinic acid 5 nd CT/MRI/neurological 0/4/1 4 SD:
rescue q14 days, � 2–4 courses examination 28–164 weeks/32–�164 weeks

1 PD: 80 weeks/96 weeks

89 PCNU 100–125 mg/m2 or 70–90 mg/m2 17 rec CT 3/2/12 PR � SD: mean 22 weeks/ns
IV every 6–7 weeks, � 2 courses

90 Thiotepa 65 mg/m2 IV every 14 rec CT/MRI 0/4/ns 4 SD: 
3 weeks, � 2 courses 12–20 weeks/ns

91 Thiotepa 75 mg/m2 IV every 1 CT/MRI 0/1/0 ns/ns
21 days, � 2 courses.

92 Topotecan Dose escalation 5.5–7.5 mg/m2 24-h IV 14 nd MRI or CT 0/3/0 3 SD: 12–28 weeks/ns
infusion, every 21 days, � 2 courses

CR, complete response; CT, computed tomography; IV, intravenous; MRI, magnetic resonance imaging; nd, newly diagnosed; ns, not specified; PD, progressive disease; PR, partial response; rec, recurrent disease;
SD, stable disease.



Table 15.8 Collaborative group studies of hyperfractionation for brainstem glioma

Study Predicted Predicted Median Median time to
Study entry No. of Dose/fraction Total dose equivalent equivalent dose survival progression One-year Two-year
group period Ref. Patients (Gy) (Gy) dose (late effects)* (anti-tumor)** (months) (months) survival (%) survival (%)

POG 1984–1986 2 34 1.1 twice daily 66 53.84 62.08 11 6.5 47 6
POG 1986–1988 3 57 1.17 twice daily 70.2 58.56 66.45 10 6 40 23
POG 1989–1990 4 39 1.26 twice daily 75.6 64.86 72.14 10 7 39 7
CCG 1984–1986 5 15 1.2 twice daily 64.8 54.57 61.51 11 7 48 –
CCG 1988–1989 6 53 1.0 twice daily 72 56.84 67.12 9 5.5 38 14
CCG 1990–1991 7 66 1.0 twice daily 78 61.58 72.71 9.5 8 35 22
POG 9239*** 1992–1996 8 66 1.8 daily 54 – – 8.5 6 30.9 7.1
POG 9239*** 1992–1996 8 64 1.17 twice daily 70.2 58.56 66.45 8 5 27 6.7

CCG, Children’s Cancer Group; POG, Pediatric Oncology Group. *Equivalent dose at 1.8 Gy/fraction, predicted from linear quadratic formula assuming alpha/beta ratio of two for CNS late effects. **Equivalent dose at
1.8 Gy/fraction predicted from linear quadratic formula assuming alpha/beta ratio of ten for anti-tumor effect. ***Randomized study of hyperfractionated radiotherapy versus conventional radiotherapy; in both arms,
patients received cisplatin 100 mg/m2 on day 1 of weeks 3 and 5.

Table 15.7 Multiagent phase II chemotherapy studies

Evaluable Response Response: CR
Ref. Drug Dose/schedule patients method and PR/SD/PD Duration of response/survival

93 8-in-1 Vincristine 1.5 mg/m2, methylprednisolone 13 nd CT/MRI 3/ns 3 PR: 24, 24 and 28 weeks/ns
100 mg/m2 � 3, hydroxyurea 1.5–3 g/m2, procarbazine 
75 mg/m2, CCNU 75 mg/m2, cisplatin 60/90 mg/m2 (6 h), 
Ara-C 300 mg/m2 (4 h), DTIC 150 mg/m2 (30 min), 
cyclophosphamide 300 mg/m2 every 14–21 days

94 Mustine/vincristine/
procarbazine/prednisolone

95 PAE Cisplatin 40 mg/m2 (4 h) IV, Ara-C 400 mg/m2 2 rec CT/MRI 0/0/2 0/ns
(30 min) IV, VP16 150 mg/m2 (3 h)/day � 3,
every 3–4 weeks � 2 courses

96 Thiotepa �etoposide � ABMT Thiotepa 300 mg/m2/day � 3 IV, etoposide 2 nd CT/MRI 2/2/0 2 PR: 1 alive � 240 weeks, 1 dod 16 weeks
500 mg/m2/day � 3 and ABMT 2 rec 2 SD: ns/24 and 36 weeks

97 Thiotepa � etoposide alone Thiotepa 300 mg/m2/day � 3 IV, etoposide 10 rec MRI ns Rec patients: 4.7 weeks/0%
or with BCNU/carboplatin 250–500 mg/m2/day � 3, BCNU 100 mg/m2/dose bd days nd patients: 11.4 weeks/0%
� ABMT 1–3 or carboplatin 500 mg/m2/day days 1–3 6 nd

98 Thiotepa/etoposide � ABMR Thiotepa 300 mg/m2/day � 3, etoposide 6 rec CT/MRI 1/3/2 1 MR: 68/94 weeks 
500 mg/m2/day � 3 � ABMR 3 SD: 8, 12 and 32 weeks/17, 22 and 46 weeks 

2 PD: 0 and 4 weeks/6 and 11 weeks

ABMR, autologous bone marrow reinfusion; ABMT, autologous bone marrow transplant; Ara-C, cytosine Arabinoside; BCNU, carmustine; CCNU, lomustine; CR, complete response; CT, computerized tomography; dod,
died of disease; DTIC, dacarbazine ([dimethyltriazeno] imidazole-carboxamide); IV, intravenous; MR, minor response; MRI, magnetic resonance imaging; nd, newly diagnosed; ns, not specified; PAE, cisplatin, Ara-C and
etoposide; PD, progressive disease; PR, partial response; rec, recurrent disease; SD, stable disease.



Table 15.9 Combined-therapy studies in brainstem glioma

Radiological responses Median overall 
Response to chemotherapy: survival/two-year

Ref. Treatment Drug and RT regimen No of patients assessment CR/PR/MR and SD/PD overall survival

99 8-in-1 � RT Vincristine 1.5 mg/m2, methylprednisolone 10 nd ns 12 months/0% 
100 mg/m2 � 3, hydroxyurea 1.5–3 g/m2,
procarbazine 75 mg/m2, CCNU 75 mg/m2, cisplatin
60/90 mg/m2 (6 h), Ara-C 300 mg/m2 (4 h), DTIC 
150 mg/m2 (30 min), cyclophosphamide 300 mg/m2

every 4–21 days; RT mean tumor dose 47.75 Gy

100 RT followed RT 50–55 Gy conventional fractionation, 36 nd MRI/ OR 1, otherwise ns 10 months/4% 
by busulfan 60–65 Gy hyperfractionated neurological 
�thiotepa assessment
with ABMT Busulfan 150 mg/m2/day days 1–4 orally, thiotepa 

300 mg/m2/day days 1–3 IV, ABMR
48 h after completion of chemotherapy

101 Tamoxifen Tamoxifen 200 mg/m2/day for 52 29 nd recruited, MRI 4–8 11/8/3 10.9 
� RT weeks; RT mean tumor dose 54 Gy 27 completed weeks after months/28%

RT, 22 assessable completion 
for response of RT

102 Cisplatin � Cisplatin 100 mg/m2, cyclophosphamide 36 nd, 32 eligible MRI/CT/neurological 3/23/6 9/10 months/14%;  
cyclophosphamide 3 g/m2, HFRT 66 Gy assessment 3 long-term survivors 
� HFRT (�38, �44, 40 months)

103 Carboplatin concurrent Carboplatin IV dose escalation 20 mg/m2 34 nd MRI/neurological 15/8/6 12 months/15%
with HFRT � 2/week for 7 weeks, dose increments 29 evaluable assessment �46 months overall 

15 mg/m2 to DLT survival

104 Dose-intensive, time- CCNU 130 mg/m2 IV day 1, procarbazine 6 nd MRI 3/ns/ns 8 months/ns
compressed PCV � 150 mg/m2 days 1–7, vincristine 1.5 mg/m2

PBSC � RT day 1 � PBSC reinfusion day 9; RT 5.4–5.94 Gy

105 Carboplatin/etoposide Etoposide 120 mg/m2/day days 1–3 IV, carboplatin 9 nd MRI/neurological ns 11 months/10%
� HFRT IV dose escalation, AUC 2 mg/ml � minutes assessment

from 8–12 mg/ml � minutes � 2 courses before RT;
RT 70.2 Gy over six days, 2�/day

106 Concurrent carboplatin Before RT: carboplatin 350 mg/m2/day � 3 every 38 nd MRI ns 11 months/5%
� RT 21–28 days, � 2 courses; concurrent with RT:

carboplatin 200 mg/m2/week, � 5 courses; RT 54 Gy

ABMR, autologous bone marrow reinfusion; ABMT, autologous bone marrow transplant; Ara-C, cytosine Arabinoside; AUC; area under curve; BCNU, carmustine; CCNU, lomustine; CR, complete response; CT, computed
tomography; DLT, dose-limiting toxicity; DTIC, dacarbazine ([dimethyltriazeno] imidazole-carboxamide); HFRT, hyperfractionated radiotherapy; IV, intravenous; MR, minor response; MRI, magnetic resonance imaging; 
nd, newly diagnosed; ns, not specified; PBSC, peripheral blood stem cell; PCV, procarbazine, PD, progressive disease; PR, partial response; rec, recurrent disease; RT, radiotherapy; SD, stable disease; VCR, vincristine.
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(HART) and continuous hyperfractionated accelerated
radiotherapy (CHART) regimens, but even these have
not produced median survival times of more than one
year. Most recently, concern has been expressed that cis-
platin, when used as a radiosensitizing agent concomi-
tantly with HFRT, may lead to worse outcomes when
compared with HFRT alone. This highlights the impor-
tance of considering both risks and benefits of any new
approaches to treatment in this disease.57

Editorial comment
Hyperfractionated radiotherapy for diffuse 
pontine glioma

Compared with conventionally fractionated
radiotherapy, HFRT involves giving a smaller dose per
fraction, usually with fractions administered twice
daily. The total dose is increased and the total duration
of treatment remains approximately the same. Small
doses given more than once a day, usually six to eight
hours apart, produce a redistribution of proliferating
tumor cells, with some cells entering a radiosensitive
stage. Other, non-proliferating issues, such as normal
CNS, will potentially be spared this effect of
redistribution. HFRT exploits the differences in repair
capacity between tumor and late-responding normal
tissues, such as the CNS. Thus, the aim of HFRT is to
improve the therapeutic ratio by enhancing the anti-
tumor effect, without an increase in late effects.

The optimal target volume and dose/fractionation
schedule has been reviewed extensively.49

Unfortunately, the outcome following conventional
radiotherapy (54 Gy in 30 fractions) remains poor.
Progression of diffuse pontine glioma is nearly always
local rather than metastatic. This provides the
rationale for aiming to improve the local control from
radiotherapy. The use of HFRT has been investigated
thoroughly in a series of North American single-center
and collaborative group (Pediatric Oncology Group
(POG), Children’s Cancer Group (CCG)) studies
(Table 15.8).51,52,58–62 The radiation dose that can be
delivered to the brain in conventionally fractionated
radiotherapy is limited by tolerance of the CNS,
particularly the brainstem. The aim of HFRT is to
improve the therapeutic ratio of radiotherapy by
increasing the biological effect on the tumor without
an increase in normal tissue morbidity. In these series,
escalating total radiation doses from 64.8 Gy to 78 Gy
has been investigated. Early studies from the University
of California, San Francisco, employing a dose of 1 Gy
twice daily to a total of 72 Gy suggested an improved
outcome compared with conventional fractionation.63

In the intermediate dose range of 70.2 Gy given in
fractions of 1.17 Gy twice daily (POG)3 and for 72 Gy
given in fractions of 1 Gy twice daily (CCG),51 there

was evidence of a marginal benefit compared with
conventional fractionation and lower doses of HFRT
(66 Gy). However, this benefit was lost at the higher
dose levels of 75.6 Gy (POG)52 and 78 Gy (CCG).61 In
addition, unacceptable toxicity, including steroid
dependency, white-matter changes, hearing loss, and
epileptic disorders, were experienced in the few 
long-term survivors.52,64

Between 1992 and 1996, POG conducted a
randomized study comparing HFRT 70.2 Gy given 
in fractions of 1.17 Gy twice daily with conventionally
fractionated radiotherapy 54 Gy given in fractions of
1.8 Gy. Patients received cisplatin 100 mg/m2 on day 1
of weeks 3 and 5 during radiotherapy in both arms of
the study. There was no difference in outcome, which
was poor in both arms (median survival eight months
for HFRT and 8.5 months for conventional
radiotherapy).

In the UK, the alternative approach of accelerated
radiotherapy using a conventional fraction size
(1.8 Gy) given twice daily to a dose of 50.4 Gy has
been investigated.53 In this study, the outcome was
no better than would have been expected from
conventional fractionation. Treatment was completed
within three weeks as opposed to the usual six weeks.
It has been suggested that this was an advantage for
the patient and family. However, travelling for twice-
daily radiotherapy is disruptive and time-consuming.
In addition, for many families, completing
radiotherapy within three weeks did not allow
sufficient time with members of the multidisciplinary
team to help them come to terms with the diagnosis.

Why has HFRT not been of value? The
radiobiological parameters of tumor cells can be
assessed from either in vitro studies or in vivo “iso-
effect” studies comparing different dose/fractionation
regimens. These data do not exist for diffuse pontine
glioma, and therefore the HFRT series provided an
empirical attempt to exploit a radiobiological
mechanism. Presumably the radiobiological
parameters of diffuse pontine glioma, possibly due to
tumor heterogeneity, do not favor a lower dose per
fraction. In addition, even though the equivalent dose
in these studies was escalated to a significantly higher
level than for conventional radiotherapy, there was no
improvement in outcome, even at dose levels that
resulted in excess late toxicity. However, the series of
North American HFRT studies was a success in the
sense that the potential for exploiting a radiobiological
mechanism was evaluated thoroughly and
radiotherapy quality assurance procedures continued
to evolve and improve. Interest was generated in trying
to improve outcome for a disease with a very poor
prognosis, and outcome data provide a useful baseline
for comparison with current and future studies.
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Toxicity during and after treatment

For most children and their families, the logistics of
radiotherapy should present few difficulties, as the treat-
ment is painless and tolerated well. Very young children
(under three to five years of age) may require daily anes-
thetics (see Chapter 10), but older children seldom
require sedation, providing that the initial planning
process is coordinated smoothly. Clear explanations
through play therapy, training videos, and departmental
visits before treatment ensure good cooperation in the
majority (see Chapter 10). If parallel opposed fields are
used, then hair loss in the radiation fields is inevitable. It
usually regrows well, but there is an impression that hair
recovery is less good if concomitant chemoradiotherapy
is used. The other critical structures adjacent to the PTV
are the midbrain, the occipital and parietal lobes, the
middle and inner ears, and the hypothalamic/pituitary
axis. Conformal radiotherapy obviously seeks to reduce
the dose to these areas while retaining dose homogeneity
within the PTV. Radiation brain necrosis is rare (two per
cent) and usually untreatable, other than with steroids to
reduce the surrounding edema. It can be difficult to dis-
tinguish from recurrence unless scanning directed at
estimating tissue metabolism is employed, e.g. thallium
or single-photon-emission computed tomography
(SPECT) scanning.65 Deafness may be exacerbated by
concomitant or sequential cisplatin chemotherapy.
Hypopituitarism should be assessed prospectively and
hormone replacement given to the few long-term sur-
vivors who develop this complication.

THE ROLE OF CHEMOTHERAPY

Nowhere is the inherent optimism and the restless thera-
peutic enthusiasm of individuals working through insti-
tutional and cooperative groups in pediatric oncology
demonstrated more clearly than in the investigation of
novel drug treatments in brainstem glioma, the focus
having been the typical diffuse pontine glioma. The past
two decades have seen a massive scientific effort to study
new treatment techniques in a wide range of study set-
tings (see Tables 15.5–15.7 and 15.9), yet there has been
no demonstrable evidence that outcomes using the new
techniques being tested are superior in any way, regarding
survival outcome compared with the use of conventional
radiotherapy alone (Table 15.8).66–68 Relatively few papers
have reported the outcome for children without typical
diffuse pontine tumors. The UK registry data (see Table
15.1 and Figure 15.1) highlight the importance for his-
tological grading of brainstem tumors where those iden-
tified as low-grade histology have a 53 per cent five-year
survival rate. Detailed review of the results of treatment
on low-grade astrocytomas is provided in Chapter 13b.

Phase 3 study of chemotherapy in
brainstem glioma

Only one randomized study of adjuvant chemotherapy
has been carried out in this tumor group. Seventy of 74
eligible patients with pontine and medullary gliomas
were randomized to receive or not receive pred-
nisolone, lomustine, and vincristine after conventional
dose radiotherapy (dose ranges given 42–59 Gy) or
radiotherapy alone. Tissue specimens were obtained in
32 patients and were diagnostic in 23, of which 11 were
low-grade astrocytoma, nine were glioblastoma multi-
forme, one was ganglioglioma, and two were mixed his-
tologies. The chemotherapy was tolerated well. The
five-year overall survival rate for the whole group was 
20 per cent. The five-year overall survival rates for radiation
only and radiation plus adjuvant therapy group, respec-
tively, were 17 per cent and 23 per cent. The five-year
relapse-free survival rates, respectively, were 17 per cent
and 17 per cent. The median times to relapse, respec-
tively, were eight months and seven months. The authors
concluded that vincristine did not contribute to enhanced
survival in BSG in contrast to the experience in high-
grade astrocytomas of the cerebral hemispheres.50

Phase 2 studies of single-agent and
combined-agent regimens

Phase 2 studies of single and multiple agents, in conven-
tional doses and in high doses with stem cell/bone marrow
rescue, have been conducted (Tables 15.6 and 15.7). The
studies extend over a prolonged time period and include
patients diagnosed in the CT era when the definitions of
brainstem tumor were less clear-cut. Conventional imaging
criteria of response in these tumors have been modified
to accept stable disease as evidence of effectiveness for
the purposes of this analysis of an extensive literature
review. The limitations of this approach must be stated,
as there is uncertainty of the natural history of the
appearances of these tumors when they have been irradi-
ated. Cystic change can lead to tumor enlargement and
clinical deterioration because of direct effects on the sur-
rounding brainstem. However, the cystic change can be
linked to tumor necrosis, which may, in some cases, be a
product of tumor response.69 Time to progression is
used as a second criterion for assessing response in this
analysis. From this, a number of conclusions can be
advanced. Response rates with multiple agents are gener-
ally higher than in those using single agents; however, the
times to progression do not seem to differ. Secondly,
there are a few patients who have very prolonged sur-
vival, for which there is no clear explanation. Whether
this is due to bias in case selection or heterogeneity 
of biological sensitivity to treatment is not clear. Our
own series of biopsied diffuse pontine tumors identified
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28 per cent low-grade tumors with acceptable transient
morbidity (Table 15.2).

Novel approaches to drug treatment

Other treatments have been tried in this resistant tumor,
including beta-interferon and tamoxifen (Table 15.5).
The latter has been studied in combination with radio-
therapy. Neither has produced remarkable responses,
suggesting that their non-cytotoxic pedigree offers little
hope of an alternative effective treatment strategy.

COMBINED CHEMOTHERAPY AND
RADIOTHERAPY

In this review, we have summarized the experience of tri-
als of combined treatments in newly diagnosed patients
(Table 15.9). Drug combinations varied but were gener-
ally intensive for the time period in which the study was
conducted and were given before, in parallel with, or after
radiotherapy. Response rates for chemotherapy regimens
were not generally recorded, as radiotherapy was integral
to the protocol and it was not possible to differentiate the
effect on the tumor of one treatment from the other. Time
to progression was the most widely reported outcome,
although a number of studies reported overall survival
rates. What is remarkable is that despite these intensive
efforts with chemotherapy and radiotherapy, the reported
median times to progression are remarkably constant
(four to eight months, where reported) and the overall sur-
vival is similarly constant (8–12 months, where reported).
These results are also remarkably similar to those of the
randomized study conducted by the UKCCSG.50

FUNCTIONAL IMAGING OF RESPONSE

It is hoped that positron-emission tomography (PET),
SPECT, and/or magnetic resonance spectroscopy (MRS)
will, in the future, help to identify metabolic changes
indicative of tumor response. Such techniques, when
standardized and available widely, may provide a more
precise way of determining qualitative changes indicative
of tumor response to new treatments, which may help to
select better treatment approaches.43–45,65

OUTCOMES FOR SURVIVORS

For the minority of patients who survive a typical diffuse
pontine glioma, and for those children who have the more

indolent or low-grade tumors that are amenable to resec-
tion and/or adjuvant therapy, predicting the future qual-
ity of survival is a critical factor in weighing up the risks
and benefits of either surgical or non-surgical therapies.
Only a few studies have been published regarding long-
term quality of survival in these patient groups. Where
outcomes have been described, they have been reported
mainly in institutional series after only operative inter-
vention, and comments have been limited to neurological
outcomes using crude classifications of mild, moderate,
and severe.10,12–15,70–72 In the study of Mulhern and col-
leagues, they attempted to correlate quality of life, meas-
urements of IQ, neurological sequelae, academic
achievement, and behavioral characteristics with the
treatments used.70 They studied a cohort of 11 children
with dorsally exophytic tumors, treated by surgery alone
(n � 7) and conventionally fractionated radiotherapy.
They compared these with a second cohort of patients
who had diffusely infiltrative pontine lesions (n � 5) and
had been treated with HFRT after biopsy or limited
resection (n � 4/11). Both cohorts were studied at a
median of 2.5 years (range 1.5–5.6 years) after diagnosis.
The group who had had surgical resection alone had the
best quality-of-life outcomes, having higher IQs and fewer
neurological defects than those who had been treated
with conventional or hyperfractionated radiotherapy.
Further analysis led the authors to conclude that the vari-
ance in health outcomes was linked primarily to the
severity of neurological deficits rather than to the addi-
tional impact of radiation therapy. This would support
the view that patient selection for surgical intervention is
a critical factor in predicting long-term outcome in these
groups. The work by Morota and colleagues in predicting
patterns of cranial nerve nuclei displacement may help in
this regard.73 As trials groups develop studies of novel
adjuvant therapies in these patients, optimizing both
duration and quality of survival must be the endpoints
for study as long-term survival with poor neurological
function is to be avoided if at all possible.

CONCLUSION

Over the past two decades, CT and MRI techniques have
allowed a much clearer correlation between anatomical
imaging and clinical characteristics to be defined. This
in turn has allowed a consensus to be established with
regard to individualized management approaches and to
identify those for whom tumor resection is most justified
and those for whom it is not justified. In the case of
tumors associated with NF-1, exercising caution when
considering radiotherapy is strongly recommended, as
the natural history of these tumors is more benign than
comparable tumors in non-NF-1 patients. In the case of
low-grade astrocytomas, the evidence of good long-term
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outcome in survivors coupled with the increasing evi-
dence from clinical trials that chemotherapy can control
tumor progression provides hope that outcomes will
continue to improve. The greatest challenge is to develop
better understanding of the biological factors that give the
typical diffuse pontine glioma its highly resistant pheno-
type. The appalling survival rates for this subgroup jus-
tify the use of research-based strategies for these patients.
As conventional chemotherapy agents have not been
shown to be effective, novel agents with different biological
targets must be studied, justifying a strong commitment
to obtaining tumor tissue at diagnosis or at postmortem
for research purposes. Our experience of the distress of
families being told the gloomy prognosis in these cases
justifies such approaches, as one cannot predict at what
point greater understanding of this disease will be
achieved. It is as likely to be with the next child entered
into a clinical trial, asking an important therapeutic or
biological question, as in ten years’ time, with the current
track record and approaches to biopsy (Figure 15.7).
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INTRODUCTION

Embryonic tumors account for approximately 25 per cent
of all childhood brain tumors.1 They originate from
pluripotent progenitor cells of the central nervous system
(CNS) and share similar characteristic features of mor-
phology and biology. They are classified by the World
Health Organization (WHO) as highly malignant (grade
IV) tumors.2 Primitive neuroectodermal tumor (PNET)
is the most frequent embryonic tumor. About 85 per cent
of PNETs arise in the cerebellum, where they are referred
to as medulloblastomas.

Rare tumors such as cerebral neuroblastoma, epen-
dymoblastoma, and pineoblastoma can be classified
together with the PNETs. The rhabdoid/atypical teratoid
tumor (RT/ATT) and the medulloepithelioma have 
to be distinguished from PNETs because of different
histogenesis.

MEDULLOBLASTOMA

Definition

Medulloblastoma is the most frequent malignant brain
tumor of childhood, with an annual incidence of 0.5–0.7
cases per 100 000 children under the age of 15 years (peak
five to seven years) and a slight male predominance of
1.1–1.7 to one.3 The classical medulloblastoma usually
arises from the cerebellar vermis. The desmoplastic type

arises more often from the cerebellar hemispheres and
occurs more frequently in adolescents and adults.4

Towards the end of the twentieth century, the popula-
tion survival rate at ten years remained below 50 per cent
for all children with medulloblastoma.5–7 With modern
techniques of neurosurgery and radiotherapy, between 50
and 60 per cent of these children are expected to be alive
and free of progression five years following diagnosis.8,9

The addition of a three-drug adjuvant chemotherapy
regimen has resulted in five-year progression-free sur-
vival (PFS) rates of approximately 80 per cent or higher,
in particular in children with localized disease.10,11

Unfortunately, children who survive medulloblastoma
are at high risk of developing serious neurocognitive,
endocrine, and neuropsychological deficits. This is related
to a variety of factors, including the direct and indirect
effects of the tumor and the effects of surgery. However,
one of the most significant factors is the brain irradiation
received.12–14 The long-term sequelae are more dramatic
in young children who received high doses of whole-
brain irradiation.15–17

Pattern of spread

By definition, medulloblastoma is a PNET arising in the
cerebellum. The majority (80 per cent) arise in the vermis
and the median part of the cerebellum; only 20 per cent
arise in the cerebellar hemispheres. The hemispheric
location is proportionally more frequent in adults, and the
desmoplastic histological form is more frequent in this
situation.
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Locally, dissemination of medulloblastoma very often
involves the fourth ventricle, sometimes reaching the
supratentorial area through the aqueduct of Sylvius. It
may involve the brainstem, the most frequent area of
involvement being the floor of the fourth ventricle.
Involvement deep within the brainstem is less frequent.
Laterally, cerebellar peduncles, and rarely the cerebello-
pontine angles, may also be involved.

Meningeal and cerebrospinal fluid (CSF) dissemina-
tion is frequent in this disease. Local meningeal involve-
ment may be observed within the posterior fossa, and CSF
dissemination may also occur through the involvement of
the fourth ventricle. The most frequent distant metastatic
sites are in the subarachnoid space, either in the spinal
canal and/or in the supratentorial area. Parenchymal
metastases within the brain or the spinal cord are possible
but less frequent. Metastases outside the CNS are possible
in medulloblastoma but are observed very rarely at diag-
nosis. The less rare sites of hematogenous metastasis are
bone and bone marrow. Dissemination within the peri-
toneal cavity following ventriculoperitoneal shunting has
been described but is rare.

Clinical investigation/staging

Correct staging in medulloblastoma is very important in
order to make appropriate therapeutic decisions. Post-
operative imaging of the tumor bed is often difficult to
interpret because of the frequent uncertainty regarding
the significance of postsurgical abnormalities on imag-
ing. The best early postoperative imaging is magnetic
resonance imaging (MRI), but computed tomography
(CT) scanning is often employed. It is important to have
an early postoperative exam with and without contrast in
order to attempt to differentiate non-pathological post-
operative changes from residual tumor. Residual disease
is best demonstrated by comparing the patient’s preoper-
ative MRI imaging with that obtained postoperatively. It
is accepted that the postoperative scan is best performed
between 24 and 72 hours after surgery, after which post-
operative changes render interpretation of residual disease
difficult.

With regard to local disease, several recent series have
demonstrated the prognostic importance of achieving a
gross total or near gross total surgical excision.18 This was
demonstrated clearly by the North American Children’s
Cancer Group CCG-921 study, which showed a survival
advantage for patients having less than 1.5 cm2 residual
disease on postoperative imaging compared with those
patients with 1.5 cm2 or more of residual disease.19 Thus,
presently the Children’s Oncology Group (COG) defines
standard-risk patients in respect of local disease as those
having 1.5 cm2 or less of residual disease after surgery.
However, the definition of local residual disease has been

heterogeneous in the literature, which makes it still more
difficult to know the prognostic value of this parameter.
It is possible that prognosis may be affected adversely by
residual tumor volume of more than 1.5 cm2,19 more
than 1.5 cm3,20 more than 50 per cent of the preoperative
tumor volume more,11 or no identifiable or measurable
residual tumor on early postoperative imaging without
and with contrast enhancement.21

The Chang staging classification is the most widely
used system for medulloblastoma:

With regard to the extent of disease, the presence of
metastatic disease at presentation as diagnosed by the
presence of meningeal enhancement on MRI of the brain
(Chang stage M2) or spine (Chang stage M3) clearly carries
a poor prognosis.22 In the MRI era, metastases are now
looked for using the craniospinal MRI images. The use of
preoperative spinal axis MRI scanning in the case of a
posterior fossa tumor has been advocated in order to
avoid postoperative artifacts in the cervical region. Good-
quality imaging avoiding movement artifacts and incom-
plete staging (especially the missing of cervical or lower
end of the thecal sac) is mandatory in order to determine
the appropriate risk group.

The prognostic significance of Chang stage M1 dis-
ease, in which tumor cells are found within the CSF and
without radiological evidence of metastasis, is less clear,
although several studies have shown that patients with
M1 disease do have a worse prognosis than those without
evidence of such tumor spread.19,23,24

Other imaging examinations need not be used at
diagnosis in the usual clinical presentation of medul-
loblastoma. Indeed, bone or bone marrow metastases at
diagnosis are rare, thus isotopic bone scanning and bone
marrow examination should not be systematically studied
initially.

Chang staging system for medulloblastoma

M1: positive CSF cytology.
M2: meningeal metastases within the posterior fossa

or supratentorial area.
M3: spinal-canal metastases.
M4: metastases outside the CNS.

Summary of diagnostic procedures for children
with medulloblastoma

• Pre- and postoperative brain MRI, without and
with contrast.

• Full spinal axis MRI (if possible preoperatively).

• Postoperative CSF cytology, through lumbar
puncture (usually about 15 days after surgery).
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Risk grouping

Collaborative groups now generally classify patients
according to the presence or absence of prognostic factors:

Common signs and symptoms

Headaches, morning vomiting on an empty stomach
resulting in transient improvement of the headaches, and
lethargy are often the earliest clinical signs and are
caused by increased intracranial pressure. Unfortunately,
these symptoms are frequently not recognized early, and
less than half of children with medulloblastoma are diag-
nosed within four weeks, compared with about 80 per
cent of children with acute lymphoblastic leukemia (ALL)
or nephroblastoma.25 Some children present with only
declining academic performance at school or personality
changes.

Further typical signs and symptoms are ataxic gait,
unsteadiness, and squint due to a sixth cranial nerve
palsy. Symptoms due to local tumor invasion within the
posterior fossa include dysarthria, dysphonia, dysphagia
(deficits of cranial nerves), and gait disturbance (inva-
sion of long tracts). In infants, developmental delay, irri-
tability, increasing head circumference, and the “setting
sun sign” are characteristic features.

Clinical assessment

Good clinical practice includes prospective evaluation 
of sensorineural and neurocognitive impacts of the dis-
ease. Ophthalmic assessment, including looking for
papilledema and visual acuity, should be performed ini-
tially, at least in the postoperative period, and repeated
later because of the frequency of raised intracranial pres-
sure at diagnosis. Furthermore, because of treatment
morbidity (radiation therapy as well as chemotherapy),26

hearing should be studied initially and repeated.27

Assessment of neurocognitive function initially and
prospectively during follow-up appears necessary in
medulloblastoma, although optimal timing is not yet
determined. Because of the usual delay of cognitive func-
tion alteration, and because of the difficulty in assessing

cognition in the preoperative or early postoperative period,
it is often proposed that these evaluations should be per-
formed at least a few weeks after surgery. However, a better
understanding of these alterations in cognitive function
necessitates a thorough prospective evaluation with long-
term follow-up.15,17 Health Utility Index (HUI) metho-
dology has also been proposed to prospectively evaluate
neurocognitive sequelae28,29 and to screen for the most
important late effects.15 Finally, although prospective neu-
roendocrine assessment is part of the good clinical practice
in children followed up after treatment for medulloblas-
toma, it does not appear necessary to have an early postop-
erative evaluation. Long-term endocrine follow-up starting
at one or two years after surgery is usually sufficient to
detect neuroendocrine damage, and a baseline evaluation
soon after diagnosis does not seem to be justified.30–32

Therapy of medulloblastoma: introduction

Medulloblastoma is a highly malignant tumor that 
cannot be cured by neurosurgical resection.33 Even a 
so-called total resection is not a radical resection in terms
of general oncological standards. However, the disease is
characterized by its radiosensitivity and chemosensitivity,
and adjuvant non-surgical treatment is essential. Over
the past three or four decades, it has become standard for
children to receive craniospinal radiotherapy (CSRT).
The omission of CSRT results in a dramatic increase of
relapses and a poor outcome, because in almost all
patients at least occult microscopic dissemination along
the CSF pathway has to be assumed.34,35

Although medulloblastoma is radiosensitive, the
potential for long-term sequelae associated with cran-
iospinal irradiation is a limiting factor, particularly in
young children.

Medulloblastoma is also a chemosensitive tumor.36–38

However, the blood–brain barrier in the tumor area adja-
cent to the normal brain and the blood–CSF barrier
remains a therapeutic problem, when craniospinal irra-
diation should be reduced, delayed, or even omitted.

The major targets of our efforts are not only to
increase the cure rates of our patients but also to ensure
that children cured of a medulloblastoma are healthy and
will have a place within our society and not on its fringe.
Supportive care and individual rehabilitation have to 
be part of the modern management of these children to
compensate for the neurological, intellectual, endocrine,
psychological, and social deficits of long-term survivors
for a better quality of life.

Medulloblastoma: radiotherapeutic aspects
of management

See also Chapter 10.

Medulloblastoma risk groups

• Standard risk: �1.5 cm2 postsurgical residual
disease on MRI scan 24–72 hours after surgery,
no metastase, and negative CSF cytology (M0).

• High risk: �1.5 cm2 postsurgical residual disease
on MRI scan 24–72 hours after surgery, and/or
metastases (M1–4).



CSRT is one of the most complex techniques deliv-
ered in the majority of radiotherapy departments. The
target volume for CSRT has an irregular shape that
includes the whole of the CNS and the meninges. It is
generally delivered using a technique in which the lower
borders of lateral whole-brain fields are matched to the
upper border of the spinal field.

Technical accuracy of planning and delivery of CSRT
is essential for optimal results. Careful attention to cover-
age of the entire target volume is essential. In the most
recent North American and French cooperative group
studies, the frequency of major deviations from protocol
is still approximately 30 per cent; such deviations have
been shown to correlate with outcome. In a series of French
medulloblastoma studies, the risk of recurrence has been
demonstrated to relate to the accuracy of planning,
particularly in the region of the cribriform fossa.39,40

Traditionally, shielding blocks have been used in the
lateral fields to shield not only the nasal and oral struc-
tures and teeth but also the lens in order to minimize 
the risk of cataract. However, the cribriform plate lies
between the eyes in young children. It may be preferable
to risk the development of a cataract rather than under-
dose the cribriform fossa, with the increased risk of
relapse.41

Another major issue in treatment planning for medul-
loblastoma is the choice of the volume and technique for
the posterior fossa boost. Currently, it is standard to irra-
diate the entire posterior fossa. Using posterior oblique
fields planned with CT scanning, it is possible to reduce
the dose to the inner ear. This may be of benefit for
patients also receiving cisplatin-containing adjuvant
chemotherapy.42

From several studies, it has emerged that it is important
to avoid unnecessary gaps in treatment due to machine
servicing, public holidays, etc. The Société Internationale
d’Oncologie Pédiatrique (SIOP) PNET-3 study has shown
a significantly worse outcome when the duration of treat-
ment exceeds 50 days as compared with the results for
children treated as planned over 45–47 days.43

The “standard” dose of CSRT for medulloblastoma
has been 35–36 Gy with a boost to the posterior fossa,
giving a total dose to this area of 54–56 Gy.

Role of chemotherapy in medulloblastoma

INTRODUCTION

Since the 1950s, the standard treatment of medullo-
blastoma has been surgery followed by craniospinal
radiotherapy. The introduction of chemotherapy in the
treatment of medulloblastoma was justified to try to
improve prognosis. The drugs chosen were those usually
used for brain tumors in adults, especially the nitro-
soureas.5,7 The justification for using lipophilic drugs

was their ability to cross the blood–brain barrier better.
Although the blood–brain barrier is often disrupted by
meningeal involvement by medulloblastoma, this is still 
a potential problem in normal brain, where it is neces-
sary to treat occult distant locally invasive or metastatic
tumor cells. The use of “sandwich chemotherapy”
between surgery and radiotherapy has been advocated to
allow better drug penetration in the tumor bed as well as
better hematological tolerance and lower neurotoxicity
and ototoxicity compared with giving following cran-
iospinal irradiation.44–46 Until recently, the benefit of
such timing of chemotherapy was not demonstrated in
prospective randomized trials.19,47 However, the PNET-3
study has reported a significant advantage in event-free
survival for the use of intensive pre-radiotherapy chemo-
therapy compared with radiotherapy alone.43

In recent years, the role of chemotherapy has become
increasingly important for several reasons, including:

• the tumor response rates observed in phase II studies;

• the therapeutic benefit demonstrated in metastatic
medulloblastoma;

• the aim to decrease late effects by decreasing the dose
of radiation to the CNS in standard-risk
medulloblastoma;

• attempts to postpone or avoid CNS radiotherapy in
very young children.

PHASE II STUDIES

Medulloblastoma is clearly a chemosensitive tumor, as
demonstrated in numerous phase II studies of relapsed
patients48–54 and in the initial treatment of metastatic
disease.9,44,46,55,56 Some of these phase II studies reported
only small numbers of patients, and most of them have
studied drug combinations rather than single-agent drug
therapy (Table 16.1). Thus, there is a degree of unreliabil-
ity of response rates and the demonstration of individual
drugs. However, the chemosensitivity of this tumor is well
recognized, and the main drugs that are currently in use
are platinum compounds, alkylating agents, etoposide,
vincristine, and lomustine. Using active drugs or drug
combinations, a complete response rate of approximately
50 per cent can be achieved. The role of methotrexate
(high-dose intravenous,47 intrathecal, or intraventricular)
is debated. Its value in the prevention of leptomeningeal
relapse is advocated, but the risk of neurological toxicity 
is well recognized.45 The outcomes of phase II chemother-
apy studies are summarized in Table 16.1.

PHASE III STUDIES

Fundamental prospective randomized trials of 
the 1970s (adjuvant chemotherapy)
Three large randomized clinical trials involving patients
with medulloblastoma explored the addition of adjuvant
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chemotherapy regimens to CSRT in an attempt to
improve survival. The SIOP and the Children’s Cancer
Study Group (CCSG) both conducted trials in which
chemotherapy utilizing vincristine and lomustine given
after radiotherapy was compared with the use of radio-
therapy alone.5, 7 Patients randomized to the chemother-
apy arm also received vincristine given concurrently with
CSRT. Early results of SIOP-I suggested that the group of
children receiving chemotherapy achieved survival
advantage. However, further follow-up has shown that
this initial significant advantage has been lost.

The Pediatric Oncology Group (POG) tested adju-
vant post-irradiation chemotherapy using the metho-
chloroethamine, oncovin (vincristine), procarbazine,
and prednisone (MOPP) regimen versus radiation ther-
apy alone.9 Patients treated with irradiation plus MOPP
had a statistically significant increase in overall survival
at five years (74 versus 56 per cent). The benefit appears
to lessen after seven years post-treatment. Together, these
trials demonstrated the feasibility of post-irradiation
chemotherapy and a slight survival advantage for patients
receiving chemotherapy (56 per cent versus 42 per cent
five-year disease-free survival (SIOP-1); 59 per cent 
versus 50 per cent five-year event-free survival (CCG-
942); 68 per cent versus 57 per cent five-year event-free
survival (POG)).

Prospective randomized trials of the 1980s
(neoadjuvant chemotherapy)
These trials were designed to explore the principle of the
delivery of chemotherapy during the interval between
neurosurgery and radiotherapy, i.e. “sandwich chemo-
therapy.” There are theoretical advantages for giving
chemotherapy before radiotherapy. The time between
surgery and radiotherapy is when the tumor has its max-
imal blood supply and the blood–brain barrier is disrupted

maximally. The delivery of intensive chemotherapy may
be more difficult after CSRT because of myelosuppres-
sion and due to the neurotoxicity and ototoxicity of drugs.

The second European study (SIOP II, 1984–1989) was
constructed in order to discover in all patients whether
the introduction of a pre-radiotherapy chemotherapy
module improved disease-free survival. The sandwich
chemotherapy consisted of procarbazine, vincristine, and
methotrexate (2 g/m2 six-hour infusion). There was no
benefit observed from the addition of the sandwich
chemotherapy. The five-year event-free survival rate 
for patients receiving sandwich chemotherapy was 57.9 
per cent; for those not receiving sandwich chemotherapy,
the five-year event-free survival was 59.8 per cent.57 In 
the light of modern results of the pharmacokinetics 
of methotrexate, the sandwich therapy administered 
in the SIOP II study was almost certainly suboptimal,
which may account for the lack of therapeutic efficacy
observed.

Between 1992 and 2000, patients were entered into 
a further SIOP study (PNET-3). All children, with 
the exception of those with demonstrable metastatic 
disease, were assigned randomly to receive standard
radiotherapy (35 Gy CSRT, 55 Gy to the posterior fossa)
alone or to receive chemotherapy with carboplatin,
cyclophosphamide, etoposide, and vincristine given
before radiotherapy. Event-free survival was significantly
better for patients treated by pre-radiotherapy chemo-
therapy compared with radiotherapy alone (78.7 versus 
64.2 per cent at three years; 73.4 versus 60.0 per cent at
five years; P � 0.0419). Although previous studies had
not shown an advantage for sandwich chemotherapy,
the regimen used in this study was of the maximum
intensity that could be employed before CSRT and
included a relatively high dose of carboplatin, a drug that
had shown an apparent dose–response effect in phase II
studies.43

The CCG conducted a trial (CCG-921, 1986–1992)
that used neoadjuvant chemotherapy using an eight-
drug combination with vincristine, methylprednisolone,
lomustine, hydroxyurea, procarbazine, cisplatin,
cyclophosphamide, and cytarabine (“8-in-1”) and stan-
dard radiotherapy to treat patients with high-risk medul-
loblastoma.19 The major question of this study was
whether neoadjuvant 8-in-1 chemotherapy given two
cycles before and eight cycles after radiotherapy was
superior to adjuvant chemotherapy used in the CCG-942
trial. The five-year progression-free survival of 63 
per cent versus 45 per cent of patients demonstrated 
the superiority of radiotherapy followed by adjuvant
chemotherapy over neoadjuvant 8-in-1 chemotherapy plus
radiotherapy for high-stage patients. The major criticism
of the inferior 8-in-1 regimen concerned the suboptimal
dose prescription of drugs, in particular vincristine and
lomustine.
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Table 16.1 Phase II chemotherapy studies in primitive
neuroectodermal tumor (PNET)

Ref. Chemotherapy regimen Response rate

44 Carboplatin 175 mg/m2/week 6/14 (43%)
45 Oral etoposide 50 mg/m2/day PR 6/7
50 Carboplatin 560 mg/m2 every

4 weeks 6/9
51 Carboplatin 160 mg/m2 � 5 days, 18/26 (72%): CR

etoposide 100 mg/m2 � 5 days 8, PR 10
52 Vincristine 1.5 mg/m2, CCNU 6 evaluable: CR 

100 mg/m2, cisplatin 90 mg/m2 4, PR 2
53 Cyclophosphamide 1–2.5 g/m2 �

2 days/sargramostim PR 9/10 (90%)
55 Carboplatin 500 mg/m2 � 2 days,

etoposide 100 mg/m2 � 2 days 5/6 (CR 2)
46 Cisplatin, etoposide 10/11: CR 2, PR 8

CR, complete response; PR, partial response.
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When the disadvantages of dose intensity of 8-in-1
became apparent, the German Society of Paediatric
Oncology (GPOH) conducted a single-arm trial HIT
’88/’89 to investigate the utility of a more intensive
chemotherapy regimen given after neurosurgery but
before standard irradiation.37 The five-year progression-
free survival of 57 per cent for high-risk patients who
had a complete response encouraged the HIT group to
investigate the HIT regimen in a phase III study. In the
HIT ’91 trial, patients were assigned randomly to receive
either the HIT regimen or eight cycles of adjuvant
chemotherapy according to the so-called Philadelphia
protocol after standard radiotherapy.47 There was no dif-
ference between the Philadelphia and the HIT arms, the
three-year progression-free survival rates being 68 and
64 per cent, respectively. Focusing on patients without
metastatic disease (M0–1), adjuvant chemotherapy was
superior over neoadjuvant chemotherapy (three-year
progression-free survival 78 versus 65 per cent).

The POG compared neoadjuvant versus adjuvant
chemotherapy on the basis of sequential phase II trials
with encouraging response rates.46,54,58 Patients who
were at high risk received three cycles of cisplatin and
etoposide before or after radiotherapy and eight cycles of
cyclophosphamide plus vincristine. Preliminary results
of POG-9031 have demonstrated no significant differ-
ences in treatment outcomes between the two arms.59

In summary, no randomized trial has demonstrated 
a benefit for neoadjuvant (pre-radiotherapy) chemo-
therapy compared with adjuvant (post-radiotherapy)
chemotherapy for patients with medulloblastoma.
Delaying radiotherapy for patients with average-risk
medulloblastoma may even have a negative impact on dis-
ease control. However, the PNET-3 study has shown a 
significant advantage in terms of event-free survival com-
pared with radiotherapy alone, and it appears that if
chemotherapy is sufficiently intensive, then the benefit
from this is not offset by the short-term delay to radiother-
apy. The outcomes of major phase III trials of chemother-
apy for medulloblastoma are summarized in Table 16.2.

Prospective single-arm trials (intense adjuvant
chemotherapy)
In order to increase the efficacy of CCNU and vin-
cristine, this combination was supplemented with cis-
platin, an agent that had demonstrated high efficacy in
phase II studies. The combination of CCNU, vincristine,
and cisplatin was used successfully in previously untreated
patients with high-risk medulloblastoma at the Children’s
Hospital of Philadelphia.60 This trial was expanded to
include three institutions for the treatment of children
aged between 1.5 and 21 years and who were at high risk
for disease relapse. Six weeks after postoperative standard
radiotherapy, the children received eight six-week cycles

of adjuvant chemotherapy consisting of CCNU
(75 mg/m2 on day one), cisplatin (68 mg/m2 on day one),
and vincristine (1.5 mg/m2, maximum 2 mg, on days one,
eight, and 15). During radiotherapy, weekly vincristine
(1.5 mg/m2, maximum 2 mg) was given. The excellent
five-year PFS of 85 per cent and event-free survival of
83 per cent demonstrated again the high efficacy of the
adjuvant three-drug chemotherapy.10 The chemotherapy
has been tolerated relatively well. However, over half
of the patients required modification to the dose of
cisplatin, usually because of ototoxicity. The ototoxicity
of cisplatin after radiotherapy could be reduced by
employing dose-modification criteria to the chemo-
therapy protocol.

Role of chemotherapy in standard-risk
patients

Data relating to the role of chemotherapy in the treat-
ment of standard-risk medulloblastoma are conflicting.
Until recently, no benefit of chemotherapy in addition 
to surgery and conventional radiotherapy had been
demonstrated in a randomized fashion for the treatment
of standard-risk medulloblastoma.5,7,57 However, the
preliminary results of the most recent SIOP study sug-
gest the benefit of chemotherapy using the combination
of etoposide and carboplatin alternating with etoposide
and cyclophosphamide in patients that were then all
treated by 35 Gy CSRT.

Chemotherapy added to surgery and reduced-dose
CSRT with a classical dose on the posterior fossa seems
to allow a high disease-free survival rate in standard-risk
medulloblastoma. The best ever published disease-free
survival in patients with standard-risk medulloblastoma
treated with surgery and reduced-dose CSRT was
reported by Packer and colleagues using vincristine dur-
ing postoperative radiotherapy and the combination of
vincristine, cisplatin, and lomustine after completion of
radiotherapy.11 This combination is currently accepted
as a gold-standard regimen. However, data regarding the
immediate toxicity and necessity for dose adjustment in
more than 50 per cent of patients as well as concerns
regarding late toxicity, especially auditory toxicity,26

underline the necessity of developing alternative chemo-
therapy regimens.

Currently, the use of chemotherapy in standard-risk
medulloblastoma is accepted by the large majority 
of pediatric neuro-oncology teams, with two main 
justifications:

• to allow a reduced craniospinal radiation
radiotherapy dose;

• to decrease the risk of development of metastases
outside the CNS.



Table 16.2 Phase III chemotherapy studies for medulloblastoma

Ref. Study period Radiotherapy dose Standard arm Experimental arm Outcome

5 1975–1981 35–40 Gy CSRT, RT alone Post-RT VCR/CCNU/prednisolone Experimental arm better (NS): 5-year 
50–55 Gy PF 8 cycles 6-weekly EFS 59% v. 50%; significant 

advantage for patients with both 
T3/4 primary and M1–3 (P � 0.006)

7 1975–1979 30–35 Gy CSRT, 35–45 Gy RT alone Post-RT CCNU/VCR Experimental arm better (NS) 
brain, 50–55 Gy PF 6-weekly for 1 year (P � 0.07): significant advantage for 

partial surgery (P � 0.007), brain stem
involvement (P � 0.001), T3/4 
primaries (P � 0.007)

57 1984–1989 35 Gy CSRT, 55 Gy PF, standard RT (� post-RT CCNU/VCR 6 Pre-RT Proc/VCR/MTX (� post-RT 5-year EFS 57.9% standard arm, 
risk randomized to 25 Gy v. cycles for high risk) CCNU/VCR for high risk) 59.8% experimental arm (NS); no 
35 Gy CSRT statistically significant difference in 

outcome between standard-risk and 
high-risk patients. Standard-risk 
patients randomized to pre-RT 
chemotherapy, and low dose RT had
worse outcome

19 1986–1992 36 Gy CSRT, 54 Gy PF RT � post-RT VCR/CCNU/ 2 cycles pre-RT and 8 cycles post-RT Standard arm better: 5-year PFS 63% v. 
prednisolone 8 cycles 6-weekly “8 in 1” 45% (P � 0.006). Prognostic 

factors identified: better prognosis 
for postsurgical residue �1.5cm2,
age �3, M stage M0 � M1 � M2–3

47 1991–1997 35.2 Gy CSRT, 55.2 Gy PF Post-RT cisplatin/CCNU/VCR Pre-RT 2 cycles ifosfamide/etoposide/ Standard arm better: for M0–1 3-year
8 cycles 6-weekly MTX/cisplatin/Cyt Post-RT cisplatin/ PFS 78% v. 65% (P � 0.03). RFS at 

CCNU/VCR if not in CR after RT 3 years 72% for M0, 65% for M1, 
30% for M2–3

59 1990–1996 CSRT M0–1 35.2 Gy, M2–3 40 Gy, Post-RT cisplatin/etoposide/ Pre-RT cisplatin/etoposide � post-RT No statistically significant difference 
55.8 Gy PF cyclophosphamide/VCR, 1 year cyclophosphamide/VCR 3 cycles � in 2-year EFS, 78% for pre-RT 

post-RT chemotherapy, total duration chemotherapy, 80% for pre- and 
1 year post-RT chemotherapy. For M1–4 

patients, 2-year EFS 61% for pre-RT 
chemotherapy and 74% for 
pre- and post-RT chemotherapy

43 1992–2000 35 Gy CSRT, 55 Gy PF RT alone Pre-RT carboplatin/etoposide/VCR/ Experimental arm better: 3-year EFS 
cyclophosphamide 4 cycles 3-weekly 78.7% v. 64.2% (P � 0.0419). 

Duration of RT �50 days resulted 
in worse 3-year EFS (P � 0.0184)

CR, complete response; CSRT, craniospinal radiotherapy; Cyt, cytoxan (cyclophosphamide); EFS, event-free survival; PF, posterior fossa; MTX, methotrexate; NS, not significant; PFS, progression-free survival;
Proc, procarbazine; RFS, relapse-free survival; RT, radiotherapy; VCR, vincristine.



Role of chemotherapy in high-risk patients

The most important result of the three fundamental 
randomized trials of the 1970s in Europe and the USA
was that children with high-risk disease had a signifi-
cant benefit from adjuvant chemotherapy. A benefit for
chemotherapy persisted in the SIOP1 trial even at ten years
in subgroups characterized by brainstem involvement,

tumor stage T3/T4, and partial or subtotal resection 
(disease-free survival about 52 versus 33 per cent7). A small
group of 30 patients with advanced disease (T3 or T4 and
M1–M3) of the CCG-942 trial showed a striking effect of
chemotherapy: the five-year event-free survival was 46
per cent versus zero (P � 0.006).5 In the POG trial, each of
the high-risk subgroups receiving irradiation plus MOPP
had a better survival rate than those receiving irradiation
alone.9 The survival advantage was statistically significant
among males and in patients aged five years or older (five-
year overall survival 82 versus 50.1 per cent).

The results of the SIOP II trial confirmed the benefit
from irradiation and adjuvant chemotherapy in patients
assigned to the high-risk group defined by incomplete
resection, brainstem involvement, or metastatic disease.57

The five-year event-free survival of high-risk patients
who received additionally adjuvant lomustine and vin-
cristine was not inferior to that of low-risk patients.
Patients with metastatic disease still did worst.

Less than total or near-total resection, and in particu-
lar residual disease after neurosurgery on early post-
operative CT or MRI scanning, was an important predictor
of worse outcome in children who were treated by post-
operative radiotherapy only.8,61 Efficacious adjuvant
chemotherapy could overcome the negative impact on
survival.10,47 The progression-free survival of patients
who received the three-drug adjuvant chemotherapy
consisting of lomustine, cisplatin, and vincristine was not
affected adversely by subtotal resection, brainstem
involvement, or younger age.10 In the HIT ’91 trial, the
progression-free survival of patients who had a residual
tumor after neurosurgery but not metastatic disease of
M2–4 stage was 68 per cent at three years, equivalent to the
72 per cent three-year progression-free survival for those
patients who had no detectable residual tumor on early
postoperative CT or MRI scanning.47 Adjuvant three-drug
chemotherapy had a significant positive impact on these
results.

A subgroup that seemed not to benefit from the three-
drug chemotherapy were those patients with dissemi-
nated disease. Five-year progression-free survival of
patients with metastatic disease at the time of diagnosis
was 67 per cent compared with 90 per cent for high-risk
patients with localized disease. The results achieved with
this particular regimen remained excellent in compari-
son with other experiences of multicenter trials report-
ing progression-free survival rates below 50 per cent.19,47

There has been considerable interest in trials of
neoadjuvant or pre-irradiation chemotherapy, an ideal
setting in which to test the efficacy of chemotherapy by
determination of response in patients with measurable
disease. Single-arm trials of pre-irradiation chemother-
apy in high-risk medulloblastoma have shown reason-
able tolerance and apparent efficacy.37,38,51,62 Patients
who showed a complete response seven weeks after the
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CASE STUDY 1

A four-year-old boy presented with a five-day
history of severe occipital headaches, nausea and
vomiting, unsteadiness on his feet, a right
convergent squint, and diplopia. CT scanning
revealed a large tumor arising in the vermis of the
cerebellum and filling the fourth ventricle. In
addition, there was marked hydrocephalus. There
was no evidence of supratentorial or spinal
metastases on preoperative magnetic resonance
scanning of the head and spine.

The primary tumor was resected using a cavitron
ultrasonic aspirator (CUSA), leaving a very tiny area
of tumor in the floor of the fourth ventricle. The boy
was randomized in the UKCCSG/SIOP PNET-3
study and received four courses of chemotherapy
with vincristine (1.5 mg/m2) and etoposide
(100 mg/m2 � 3 days) and alternating carboplatin
(500 mg/m2 � 2 days) and cyclophosphamide
(1.5 g/m2). Following this, he received radiotherapy
35 Gy in 21 fractions to the craniospinal axis
followed by 20 Gy in 12 fractions to the whole
posterior fossa using lateral opposed fields.
The total dose to the primary tumor was 55 Gy 
in 33 fractions of 1.67 Gy.

At follow-up five years following diagnosis, the
boy remains well, with no evidence of recurrence.
However, in school he has some difficulties with
concentration. He requires growth hormone
supplementation. Psychometric testing has
confirmed that he has a full-scale IQ of 68 and a
verbal IQ of 81.

This case illustrates the clinical problem of
hydrocephalus developing in patients with medullo-
blastoma. The patient received chemotherapy and
standard-dose CSRT at a relatively young age.
Although he is free of recurrence, there are significant
neuropsychological sequelae. Current aims of
multicenter collaborative studies are to employ
chemotherapy to allow a reduction in the CSRT dose,
hopefully leading to a reduction in neuropsychological
sequelae.



six-drug regimen of the pilot trial HIT ’88/’89 achieved a
five-year progression-free survival of 57 per cent, equiva-
lent to the 61 per cent five-year progression-free survival
for standard-risk patients.37,38 These results supported
the hypothesis of an increased curative potency of radia-
tion therapy after a significant cell kill due to pre-radiation
chemotherapy, but it was never confirmed by other mul-
ticenter trials.63

Investigators in Europe designed and conducted stud-
ies that used pre-irradiation chemotherapy. The French
M7 protocol accrued 37 infants and older children with
metastatic disease. Pre-irradiation chemotherapy con-
sisted of two cycles of the 8-in-1 regimen and two
courses of high-dose methotrexate (12 g/m2) followed by
conventional radiotherapy and four cycles of 8-in-1. The
seven-year disease-free survival was 57 per cent for all
high-risk patients and 45 per cent for patients with
metastatic disease.45

The North American CCG-921 study included patients
with higher-stage (M1–4, Chang T3B–4, �1.5 cm2 resid-
ual tumor on CT/MRI) medulloblastoma and who were
aged 1.5 years or older. In the setting of combined
intense sandwich or adjuvant chemotherapy with con-
ventional radiotherapy, metastatic disease of stage
M2/M3 did worse (five-year progression-free survival 40
per cent). In patients who had no metastases at diagnosis
(M0) but at least 1.5 cm2 of residual tumor, the five-year
progression-free survival of 54 per cent was also dis-
mal.19 Neither 8-in-1 nor lomustine plus vincristine,
with a five-year progression-free survival of 45 and 63
per cent, respectively, was able to reproduce the excellent
results achieved in high-risk patients who received
lomustine, cisplatin, and vincristine.10

In summary, pre-irradiation chemotherapy did not
improve the progression-free survival of high-risk
patients as expected, considering the high objective
response rates that had been observed. Even with rela-
tively high response rates, most trials also note a 20–30
per cent rate of disease progression during a three- to
four-month pre-radiation chemotherapy regimen.37,58,63

The results of studies investigating pre-irradiation
chemotherapy were not encouraging and raise the 
question of the appropriate duration of neoadjuvant
chemotherapy before radiotherapy. It is difficult to con-
clude whether these disappointing experiences reflect a
negative impact of delaying radiotherapy or the still sub-
optimal design of pre-irradiation chemotherapy. Never-
theless, high-risk medulloblastoma patients are the subject
in particular of single-arm pilot trials to investigate the
feasibility, efficacy, and toxicity of new cytotoxic drugs
and drug combinations, especially in an up-front “thera-
peutic window” setting. Patients considered for treatment
with neoadjuvant chemotherapy are young children, gen-
erally under three or four years of age. This is given with
the aim of delaying or possibly even avoiding irradiation.

In addition, children with metastatic disease (stages M2
and M3) may benefit from high-dose chemotherapy.

Another approach in the high-risk medulloblastoma
population whose survival rate was worse was an intensive
multimodality protocol using hyperfractionated CSRT
and adjuvant chemotherapy consisting of cyclophospha-
mide/vincristine, cisplatin/ etoposide, and carboplatin/
vincristine.64 The results were disappointing, par-
ticularly in patients with metastatic disease. A recent study
(CCG-9931) employed multiagent neoadjuvant chemo-
therapy in a short window before hyperfractionated
radiotherapy.

A more direct approach to improving the worse prog-
nosis of children with metastatic disease is the intra-
thecal or even intraventricular administration of cytotoxic
drugs such as methotrexate, etoposide, and topotecan.65

Encouraging results were seen in patients with dissemi-
nation at relapse using the chemical substance mafos-
famide, a metabolite of cyclophosphamide used for
purging bone marrow before transplantation.66

Prevention of systemic dissemination

Improved control of CNS disease by newer techniques
and better quality of radiotherapy was followed by an
increase in clinically apparent systemic recurrence of dis-
ease in up to 20 per cent of patients with treatment fail-
ure.67 In 50 patients treated with postoperative radiation
therapy alone, 25 relapsed, six of whom had systemic
metastases and died. In a consecutive series of 39 patients
treated additionally with pre-radiation chemotherapy,
there were nine recurrences, none of whom developed a
recurrence outside the CNS.68 The use of chemotherapy
in this series decreased systemic relapses and conse-
quently increased the relapse-free survival rate. In the
SIOP II trial, 115 patients had a relapse.57 Relapse out-
side the CNS occurred in five cases without a CNS
relapse and in two cases with a CNS relapse. Six of these
occurred in therapy groups that did not include
chemotherapy.

No child has developed extraneural disease at the time
of first relapse, when treated by adjuvant three-drug
chemotherapy.10,47 Hopefully in the future, when even
more children will achieve a disease control in the CNS
by effective local therapy, the prevention of extraneural
relapse may become increasingly important.

Recent chemotherapy protocols

Increased understanding of the biology of medulloblas-
toma, more appropriate use and better knowledge con-
cerning the acute toxicity and long-term-sequelae of the
three treatment modalities neurosurgery, radiotherapy,
and chemotherapy, and established prognostic factors
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useful for the stratification of patients have formed the
base of more sophisticated treatment protocols. The
major goal of not only almost all phase III trials but also
pilot trials is to investigate the optimal risk adopted ther-
apeutic concept for medulloblastoma patients providing
high effectiveness but low short- and long-term toxicity,
thus resulting in a good quality of life of children cured
from medulloblastoma.

Patients at standard risk should benefit from reduced-
dose craniospinal irradiation in combination with adju-
vant chemotherapy. In North America, a recently closed,
large, prospective study used reduced-dose craniospinal
irradiation (23.4 Gy) for patients with average-risk disease
and then assigned them randomly to either the very active
lomustine-based or a cyclophosphamide-based three-
drug chemotherapy regimen. The experimental regimen is
thought to be less myelotoxic and less carcinogenic.

In Europe, a radiotherapeutic question that is recently
a part of the German HIT 2000 trial will be asked in stan-
dard-risk patients. The SIOP trial PNET-4 will investi-
gate whether hyperfractionated radiation therapy is able
to further increase the event-free survival without
increasing the acute toxicity and long-term sequelae in
comparison with conventionally fractionated radiother-
apy using a reduced dose to the craniospinal axis.

In high-risk patients, trials are under way to investi-
gate more effective delivery of radiation therapy using
hyperfractionated radiotherapy and of more intense
chemotherapy using high-dose regimens and intrathecal
administration of cytotoxic drugs.

Almost all clinical trials are accompanied by biological,
long-term, and quality-of-life studies to prepare trials that
will investigate, prospectively, individually guided therapy.

Randomized studies of craniospinal
radiotherapy dose

For CSRT the conventional dose is in the region of 35–36
Gy given in fractions of approximately 1.8 Gy. Concern
over the degree of long-term sequelae after CSRT has led
to the attempt to reduce the dose of craniospinal irradia-
tion in children with non-metastatic disease.

Two randomized studies of CSRT dose have demon-
strated a worse outcome following a reduction of CSRT
dose. In the North American POG 8631/CCG 923 study
for standard-risk medulloblastoma, patients were ran-
domized to a CSRT dose of either 36.0 Gy or 23.4 Gy.20

The study was opened in 1986 and closed early in 1990. An
excess of relapses was seen in the 23.4-Gy group. In the
SIOP II study, standard-risk patients were randomized to
two different radiotherapy dose regimens, namely 25 Gy
and 35 Gy. There was an advantage for the higher-dose
regimen, with a 67.6 per cent five-year event-free survival
for 35 Gy compared with 55.3 per cent five-year event-free

survival for 25 Gy. Bailey and colleagues suggested that it
was likely that part of this disadvantage for the reduced-
dose radiotherapy may be explained by the relatively poor
survival in the group receiving sandwich chemotherapy
followed by reduced-dose CSRT, and that the poor out-
come resulted from a delay to radiotherapy from “ineffec-
tive” chemotherapy.57 In addition, there was variability in
the application of strict staging, and it is likely that the
“standard-risk” group included some high-risk patients.

In summary, two randomized studies of reduced-dose
CSRT have demonstrated a worse outcome when no
chemotherapy is given. It is now accepted in North
America that the CSRT dose can be reduced safely, pro-
vided adjuvant chemotherapy is also given.

Reduced-dose CSRT has also been investigated in 
single-arm studies. The consecutive study (CCG-9892) was
undertaken at 26 institutions to determine the feasibility of
treating children between aged three and ten years and who
have non-metastatic medulloblastoma with reduced-dose
craniospinal irradiation (23.4 Gy), standard local tumor
dose (55.2 Gy), and adjuvant three-drug chemotherapy.
The five-year progression-free survival of 65 eligible
patients was 79 per cent.11 This confirmed that three-drug
adjuvant chemotherapy was able to allow a dose reduction
of CSRT in non-metastatic medulloblastoma.

A prospective comparison between patients treated
with standard-dose irradiation alone and those treated
with reduced-dose irradiation and adjuvant three-drug
chemotherapy had the potential to confirm the hypo-
theses that CSRT can be reduced under the escort of
chemotherapy. This study was commenced in North
America but had to be closed because of poor accrual.

Medulloblastoma: trials of radiotherapy
fractionation

Conventionally fractionated radiotherapy for medul-
loblastoma involves giving daily fractions usually of
1.67–1.8 Gy. Hyperfractionated radiotherapy (HFRT)
involves giving a smaller dose per fraction, with fractions
administered at least twice a day. The total radiotherapy
dose is increased but the total duration of treatment
remains about the same. The aim of HFRT is to improve
the therapeutic ratio, either by enhancing the anti-tumor
effect without an increase in late effects or by maintain-
ing the same level of anti-tumor effect and reducing late
morbidity. The radiation dose–response relationship for
medulloblastoma is well known, and it seems that
increasing the dose without increasing the late effects 
on CNS tissue might additionally improve local and
metastatic tumor control. Several clinical pilot studies of
HFRT for patients with PNET have been carried out.

In one series, following surgery, 23 patients with high
stage PNET were treated between 1989 and 1995 with
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HFRT 36 Gy in 1-Gy twice-daily fractions to the cran-
iospinal axis, followed by a further 36 Gy in 1-Gy twice-
daily fractions to the posterior fossa, giving a total dose
to the posterior fossa of 72 Gy in 72 fractions.64 This was
followed by adjuvant chemotherapy for a total of nine
months. Of 15 patients with non-metastatic medullo-
blastoma, 14 were in continuous complete response at a
median follow-up of 78 months. The one patient who
relapsed in this group had a solitary spinal relapse. Patients
with metastases and with non-cerebellar primaries did
less well.

In a series from the University of California, San
Francisco, 25 patients with medulloblastoma, five with
pineoblastoma, five with cerebral PNET, one with a
spinal cord PNET, and three with malignant ependy-
moma received HFRT.69 The CSRT dose was 30 Gy and
the posterior fossa dose was 72 Gy. Patients with stan-
dard-risk disease received radiotherapy only, while those
with high-risk disease also received post-radiotherapy
adjuvant chemotherapy with cisplatin, vincristine, and
lomustine. Three-year progression-free survival for 16
standard-risk patients with medulloblastoma was 63 
per cent; for nine patients with high-risk disease, it was
56 per cent. For the 25 patients with medulloblastoma,
there were only two relapses in the posterior fossa. The
results of this study suggest that a CSRT dose of 30 Gy
given in a 1-Gy twice-daily dose without chemotherapy
is inadequate to control spinal disease.

In another small series, between 1986 and 1991, 13
high-risk patients, 11 with medulloblastoma and two
with supratentorial PNET, were treated with a variety of
HFRT and chemotherapy regimens.70 This study sug-
gested that HFRT to the craniospinal axis was feasible. A
study of HFRT has been carried out by the Italian group
(AIEOP SNC91 protocol). The CSRT dose was 30–36 Gy
in 1-Gy twice-daily fractions, followed by a boost to the
posterior fossa, up to a total dose of 66 Gy. All patients
were given chemotherapy before and following HFRT.
Preliminary data reported by Ricardi and colleagues on
23 patients showed clearly that 30 Gy given in 1-Gy
twice-daily fractions does not adequately prevent lepto-
meningeal spinal relapses, even with chemotherapy.71

SUPRATENTORIAL PRIMITIVE
NEUROECTODERMAL TUMORS

Supratentorial PNETs are rare, accounting for approxi-
mately two to three per cent of all childhood brain
tumors. They arise predominantly in the cerebral hemi-
spheres and also in the pineal region, where they are
referred to as pineoblastoma. It is now acknowledged
that the outcome for supratentorial PNETs is signifi-
cantly worse than for medulloblastoma. A retrospective

analysis of 36 children treated between 1970 and 1995
showed an overall survival rate of only 18 per cent at 
five years.72 The six surviving patients all received cran-
iospinal radiation therapy; four patients also received
chemotherapy. At recurrence, disease remained local in
54 per cent of patients. Local failure only was observed in
71 per cent of 38 patients with progressive disease and
who received either neoadjuvant HIT chemotherapy or
adjuvant Philadelphia regimen.73

Supratentorial PNETs share similar biological and
clinical features with medulloblastoma, but the locally
invasive growth behavior seems to be more aggressive.
This relates to the younger age of children with supraten-
torial PNET.37,72,74

In the CCG-921 trial, more than half of the patients
with supratentorial PNETs were younger than five years,
compared with only one-third of patients with medul-
loblastoma. Seven of 18 patients who had undergone com-
plete staging procedures in the Toronto series had evidence
of intracranial or spinal dissemination. Metastatic disease
at diagnosis (27 per cent) was detected in ten (M1), seven
(M3), and four (M2) patients in the HIT series. All patients
in the CCG-921 trial and who had metastatic disease at
diagnosis (18 per cent) failed treatment.74

Using pre-irradiation chemotherapy, the five-year
survival rates of supratentorial PNET and medulloblas-
toma patients were 30 per cent and 57 per cent, respec-
tively.37 There was no difference regarding stage M2/M3
(ten versus 12 per cent), but supratentorial PNET patients
were younger.

The survival rates and progression-free survival of
44 children aged 1.5 years or older and who received
neoadjuvant 8-in-1 or adjuvant lomustine, vincristine,
and prednisone were 57 and 45 per cent, respectively, at
three years.74

The neuropathological concept of the WHO to distin-
guish pineoblastoma/pineal PNET from the other supra-
tentorial PNETs because of a different histogenesis is
supported by the clinical finding of a significantly better
prognosis for patients with pineoblastoma using the same
treatment. A pineal location for the primary was observed
in 17.5–30 per cent of patients with supratentorial
PNET.73,74 Children with pineal PNETs (17 of 44 trial
patients) did better, with survival and progression-free
survival rates of 73 and 61 per cent, respectively, com-
pared with non-pineal supratentorial PNETs.74 On the
contrary, all eight children with pineal tumors and who
were less than 1.5 years of age had progressive disease.75

There is only a little evidence that the degree of surgi-
cal resection has an impact on outcome. While the role of
chemotherapy is unclear, radiotherapy (CSRT with a
boost to the primary tumor bed) might be the most
important backbone of treatment. In a phase II setting
using up-front multidrug chemotherapy in high-risk
patients, the objective (complete response plus partial
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response) response rate was 57 per cent for supratentor-
ial PNET and 67 per cent for medulloblastoma.37 Similar
findings in other trials have confirmed that supratentor-
ial PNETs are chemosensitive tumors.44,76 A significant
impact of quality of radiation therapy was observed in
the HIT trials. The overall survival rate of 63 children
between the ages of three and 17 years with supratentor-
ial PNETs was 48.4 per cent at three years. Reducing the
CSRT or total tumor dose or omitting CSRT were associ-
ated with a frequently fatal outcome.73 Because of the
poor survival of children with supratentorial PNET, all
children should receive postoperative craniospinal irra-
diation and chemotherapy. Even in infants, at least local
irradiation has to be discussed for better tumor control.

Encouraging results were obtained using hyperfrac-
tionated craniospinal irradiation with escalating local
tumor doses, and adjuvant chemotherapy.77 Worse out-
come in patients with metastatic disease indicates the
need for a more aggressive treatment, such as high-dose
chemotherapy, which has been used successfully in
pineal tumors.45

MANAGEMENT OF INFANTS WITH
MEDULLOBLASTOMA

The management of infants with medulloblastoma and
PNET is problematic. Historically, prognosis in this age
group has been poor, but in addition there are serious risks
of neuropsychological long-term effects associated particu-
larly with the use of radiotherapy.78 In an attempt to over-
come this problem, all major collaborative groups have
employed chemotherapy in an attempt to at least delay or
possibly avoid radiotherapy. In the first POG study, chil-
dren under two years of age were treated with two years 
of alternating cycles of vincristine/cyclophosphamide and
cisplatin/etoposide; following this, they received radiother-
apy. Children aged two to three years were treated with one
year of chemotherapy followed by radiotherapy. A total of
62 patients with medulloblastoma were treated. The five-
year progression-free survival was 31.5 per cent and overall
survival was 39.7 per cent. Of the 62 per cent of patients
who underwent a less than complete resection, 48 per cent
achieved a complete or partial response to the first two
cycles of chemotherapy with vincristine and cyclophos-
phamide. Overall survival was better (60 per cent) for the
20 patients who underwent complete resection (60 per
cent). Thirteen patients had M0 disease and underwent
complete resection and reduced-dose or no radiotherapy;
these had a 69 per cent overall survival at five years.79,80

In the CCG study that employed 8-in-1 chemotherapy,
most patients did not receive radiotherapy; the three-year
progression-free survival was only 22 per cent. In this study,
patients who underwent complete resection and had M0
disease had a relapse-free survival of only 30 per cent at a
median follow-up of six years.81,82

The second “Baby POG” study has tested the role of
more intensive chemotherapy. Radiotherapy was used
only for patients with persistent or progressive disease.
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CASE STUDY 2

A nine-year-old boy presented with a one-week
history of right hemiparesis and symptoms related
to increased intracranial pressure. A CT head scan
demonstrated an area of calcification in the left
superior temporal lobe and several intraventricular
masses in the bodies of both lateral ventricles and
the atrium of the left lateral ventricle. There was also
an isodense mass anteriorly in the left temporal lobe,
which showed minimal enhancement after contrast.
The findings were confirmed by magnetic resonance
scanning (Figure 16.1) and were consistent with
multifocal tumor. The biopsy of the main mass was
performed and revealed features consistent with
PNET. In order to relieve the pressure, bioccipital
shunting was performed. The patient underwent a
left-sided burr hole and stereotactic biopsy and then
formal decompression of the left temporal lesion
with partial excision.

He was treated according to the SIOP/UKCCSG
PNET-3 recommendations for supratentorial PNET.
He received four cycles of chemotherapy with
vincristine (1.5 mg/m2), etoposide (100 mg/m2 �
3 days), and alternating cyclophosphamide (1.5 g/m2)
and carboplatin (500 mg/m2 � 2 days). Magnetic
resonance scanning performed after chemotherapy
and before radiotherapy showed an overall
reduction in tumor volume. His medication was
sodium valproate. Following this, he was planned to
receive CSRT 35 Gy in 21 fractions followed by a
boost of 20 Gy in 12 fractions to the primary. His

radiotherapy was complicated by thrombocytopenia,
and he developed clinical evidence of progression of
his primary tumor. He received 35 Gy to the whole
brain, 25 Gy to the spine, and only one fraction of
1.67 Gy to the primary area. Owing to his
hemiparesis, he required regular physiotherapy
during his treatment and had a home tutor to
maintain his education.

Unfortunately, progression continued and he died
11 months after diagnosis.

This case illustrates several features of
supratentorial PNET, namely the extensive nature of
the primary tumor and the poor response to therapy
with progression and death despite intensive
chemotherapy.



Results of this study are awaited. In the German HIT
SKK ’92 protocol, in which 45 patients were treated, an
intensive chemotherapy regimen was used but with the
addition of intraventricular methotrexate. The four-year

progression-free survival was 77 per cent if no residual
tumor was present (without the use of radiotherapy), 42
per cent for patients with residual tumor, and 27 per cent
for patients with metastatic disease.83 The excellent out-
come for patients without residual tumor has to be bal-
anced against the likely risk of leukoencephalopathy 
and possible neuropsychological sequelae as a result of
the use of intraventricular methotrexate. In the German
and North American studies, the presence of postopera-
tive residual tumor has been an important prognostic
variable for progression-free survival if radiotherapy has
not been used.

With the exception of the German HIT SKK ’92 study,
investigations of the treatment of infants with medul-
loblastoma have demonstrated a high rate of relapse fol-
lowing chemotherapy alone. Priorities for collaborative
groups will be to continue to use intensive chemotherapy
with either low-dose CSRT (e.g. 18 Gy), or posterior
fossa radiotherapy only. In the recently opened UKCCSG
study, the intensive chemotherapy is supported by the
use of peripheral blood stem cells, followed by posterior
fossa radiotherapy.

FUTURE DIRECTIONS/EXPERIMENTAL
APPROACHES OF MEDICAL TREATMENTS

New prognostic factors

Future therapeutic decisions will be based not only on
staging but also on tumor parameters, including histo-
logical characteristics,84 immunohistochemical charac-
terization,85 and biological criteria.86–88 For example, the
unfavorable large-cell type of medulloblastoma is often
associated with the amplification of the oncogene c-myc.
The demonstration or confirmation of some of these
prognostic criteria is ongoing in multicenter prospective
studies. The definition of biological risk factors will allow
the classification of new categories, with less intensive
treatment in low-risk patients while maintaining the
intensity of treatment in high-risk patients. Currently,
the definition of these prognostic risk factors is especially
warranted in standard-risk patients, where radiation
therapy doses as well as intensity of chemotherapy might
be adapted.

Radiotherapy

A priority for collaborative groups in North America and
Europe is to aim to reduce the morbidity from CSRT.
Following the craniospinal dose reduction from 35 Gy 
to 23.4 Gy in standard-risk medulloblastoma, as well as
the demonstration that full CNS radiotherapy may be
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Figure 16.1a,b Magnetic resonance scan, showing multifocal
supratentorial primitive neuroectodermal tumor.



avoided in young children under certain circum-
stances,37,28,89 the next steps should be:

• to continue to decrease the neuraxis prophylactic
dose, possibly from 23.4 Gy to 18 Gy;

• to extend the upper age limit for the definition of
“young children” from three years to five years,
and in the future probably older.

Other attempts, such as HFRT, in order to decrease
late effects of radiation therapy without losing efficacy
have been tested in limited series and are planned to be
tested in a prospective randomized study within Europe.

Chemotherapy and other medical treatments

The recently completed COG trial compared two
chemotherapy combinations after reduced-dose post-
operative CSRT in standard-risk medulloblastoma. The
standard arm was the lomustine, cisplatin, and vin-
cristine combination;11 the experimental arm comprised
cyclophosphamide, cisplatin, and vincristine. The role of
preoperative chemotherapy also needs to be explored,
after histological documentation of the tumor, especially
in metastatic medulloblastoma and in cases where com-
plete surgery is difficult (involvement of the brainstem
visible on preoperative MRI). The value of intrathecal or
intraventricular chemotherapy is being evaluated in
terms of efficacy47 and toxicity.37,38 Finally, the role of high-
dose chemotherapy in metastatic medulloblastoma is
also being evaluated; this approach should be introduced
with caution since the survival rate for patients with
metastatic medulloblastoma treated with chemotherapy
and conventional CSRT is not negligible.19,45,47,90 This
technique is also under evaluation for the treatment of
relapse after radiotherapy.91

New cytotoxic drugs, such as topoisomerase-1
inhibitors, might be useful in these patients; phase II
studies of these drugs are ongoing. Furthermore, new
drugs with new mechanisms of action, such as the tyro-
sine kinase inhibitors, might be helpful and more specific
to achieve more frequent tumor control in these patients.

CONCLUSIONS

PNETs, of which cerebellar medulloblastomas are the
most frequent, are important tumors characterized by
their propensity for metastasis via the CSF. They are
“radiocurable,” and CSRT is an essential part of their
management. This is a complex radiotherapy technique,
the accuracy of which contributes to the survival and
quality of survival of treated children. It is possible that
optimizing fractionation may improve outcome further.
In the past 25 years, European and North American 

collaborative studies have investigated the role of adju-
vant chemotherapy. This is aimed at both improving
outcome in terms of overall and recurrence-free survival,
and also at reducing the dose of CSRT and hopefully long-
term sequelae. In this respect, the management of infants
with medulloblastoma remains a particular challenge.
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INTRODUCTION

Ependymomas are tumors of the central nervous system
(CNS) that derive from the ependymal cells lining the ven-
tricles of the brain. This chapter focuses on intracranial
ependymomas; therefore, ependymomas that arise in the
spinal cord or cauda equina will not be dealt with.

EPIDEMIOLOGY

Incidence

Ependymomas are relatively uncommon tumors, with an
annual incidence of approximately 2.2 per million chil-
dren.1,2 They arise more frequently in children than in
adults. They are the third most common pediatric brain
tumor, behind astrocytomas and primitive neuroecto-
dermal tumors (PNETs), which have incidence rates of
approximately 16.8 and five per million children per
year, respectively. Ependymomas account for roughly 
six to ten per cent of all intracranial tumors of children1–3

and approximately 1.7 per cent of all childhood cancers.3

Age

Ependymomas occur most commonly in younger chil-
dren, with the median age at diagnosis ranging from three

to eight years, depending on the series.4–7 The incidence
rate for ependymomas in children under five years of age
is approximately 3.9 per one million children per year,
compared with only 1.1 for older children.1 Approximately
70–80 per cent of ependymomas are seen in children
under eight years of age, and nearly 40 per cent are seen
in children under four years of age.4,8–10

Recently, the very large Childhood Brain Tumor
Consortium study reported a large increase in the relative
proportion of older children (aged over 11 years) with
ependymomas, especially supratentorial ependymomas,
over a 50-year period of observation.8 This trend was
also seen for pilocytic and fibrillary astrocytomas. While
there is no clear explanation for this finding, various
hypotheses, including a relative decrease in the prenatal
exposures that contribute to early childhood cancer and
a relative increase in environmental exposures that con-
tribute to later childhood and adolescent cancer, have
been proffered.

Gender

Most large pediatric series do not show any consistent
gender predilection for ependymomas, with the tumors
arising relatively equally in boys and girls. Although
some series have shown a predilection for ependymomas
to occur in boys,2,4,5 this has not held up consistently, and
it appears that these tumors do not demonstrate a sig-
nificant gender bias.6,7,9,11
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Location

Ependymomas, being of ependymal origin, arise almost
invariably in association with a ventricular surface. In
children, the most common site for intracranial epen-
dymomas is in the posterior fossa, associated with the sur-
face of the fourth ventricle. This accounts for the location
of roughly two-thirds of childhood ependymomas, with
the remainder arising from the supratentorial ventricular
system.4–6,12–14 In very rare cases, ependymomas may
develop in an ectopic fashion without any direct associa-
tion with a ventricular surface.15

SIGNS AND SYMPTOMS

Given the predominant location of these tumors in the
posterior fossa and their intimate association with the
fourth ventricle, the most common presenting signs and
symptoms are usually due to raised intracranial pressure
from obstructive hydrocephalus. Patients may also display
signs and symptoms attributable to direct cerebellar or
cranial nerve dysfunction.

Common symptoms, in approximate order of decreas-
ing incidence, include vomiting, headache (in older chil-
dren), irritability and lethargy (especially in very young
children), and gait disturbance.4,9 Clinical signs include
increased head circumference or bulging fontanel (in very
young children), papilledema, meningism, ataxia, cranial
nerve palsy, and nystagmus.4,9 The duration of these
symptoms before presentation varies greatly and can 
range from just a few days to several months.9 Very rarely,
ependymomas may present very acutely following an
intratumoral hemorrhage.16

A complicating factor in diagnosing young children in
particular is that some may present in a relatively non-
specific fashion with, for example, vomiting and irritability.
A high degree of clinical suspicion is needed in such cases.
It has been recognized that the diagnosis of brain tumors
in children is frequently delayed compared with other
childhood tumors.17

PATHOLOGY

The latest World Health Organization (WHO) grading
of ependymomas defines four major tumor subtypes,
divided into three grades: subependymoma and myxo-
papillary ependymoma (grade I), low-grade ependym-
oma (grade II), and anaplastic ependymoma (grade III)
(Table 17.1).18 Within the low-grade ependymomas, there
are four described variants: cellular, papillary, clear-cell,
and tanycytic.

Subependymomas are benign, usually asymptomatic,
nodules on the walls of the lateral or fourth ventricle.
They are found most commonly as an incidental autopsy
finding. In very rare cases, they may become clinically
evident secondary to obstruction of cerebrospinal fluid
(CSF) flow.19 Myxopapillary ependymomas are found
almost exclusively in the region of the cauda equina, arising
from the filum terminale or conus medullaris.20 The
occurrence of either of these tumors as symptomatic
intracranial lesions is exceedingly rare, especially in chil-
dren.19,21–23 These will not be discussed in this chapter.

Ependymoblastoma was once considered an aggressive
form of ependymoma. However, the WHO classification
considers ependymoblastoma among the broader group
of embryonal tumors.24 This group includes medul-
loblastoma and other PNETs, medulloepithelioma, and
neuroblastoma. Ependymoblastoma is an aggressive tumor
with a propensity for leptomeningeal metastasis;25,26 this
tumor is discussed in Chapter 16.

Classic low-grade ependymomas, the most common
type, have certain histological, ultrastructural, and
immunohistochemical features that aid in their diagno-
sis.20,27 On light microscopy, features include perivascular
pseudorosettes, clear zones around the blood vessels that
represent cytoplasmic processes of the tumor cells termi-
nating on vessels and typical of ependymomas (Plate 16).
These are to be distinguished from true ependymal
rosettes, in which the lumen of the rosette is circumscribed
by the surface of the tumor cells themselves (Plate 17).
Ependymomas may also contain structures that resemble
central canals or ventricular linings, harking back to their
ependymal origin. Although infrequent, they can be
diagnostic.

The nuclei of ependymoma cells are usually round to
oval and contain dense chromatin material. The neoplastic
cells may contain eosinophilic cytoplasmic granules. Some
of the tumor cells may have the appearance of oligoden-
drocytes, but these can be distinguished by electron
microscopy. The tumor may also contain cartilage, calcium
deposits, or dysplastic bone.19,20

Electron microscopy typically reveals gland-like lumens
with microvilli and cilia, basal bodies, intracytoplasmic
intermediate filaments, and long, zipper-like junctional
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Table 17.1 World Health Organization classification (2000) of
ependymal tumors*

Ependymoma
Cellular ependymoma
Papillary ependymoma
Clear-cell ependymoma
Tanycytic ependymoma

Anaplastic ependymoma
Myxopapillary ependymoma
Subependymoma

* From Wiestler et al. 200018



complexes.19,27,28 In addition, it may reveal many more true
rosettes than might be appreciated on light microscopy.28

Ependymomas also display varying degrees of
immunopositivity to glial fibrillary acid protein (GFAP)
and vimentin.19 These are rather non-specific and rarely
help in the diagnosis.

The diagnosis of anaplastic ependymoma can be diffi-
cult, and no clear consensus on the required criteria
exists. It is not uncommon for low-grade ependymomas
to have occasional mitotic figures, mild cellular pleomor-
phism, or small, scattered areas of necrosis without
pseudopalisading. Anaplastic ependymomas, however,
display frequent mitoses, marked cellular pleomorphism,
high nuclear/cytoplasmic ratio, extensive necrosis, and
microvascular proliferation.20,27 There obviously exists a
spectrum of pathological changes, and the distinction
between low-grade and anaplastic is not always clear. In
addition, foci of anaplastic areas may be found scattered
in an otherwise bland-looking tumor, but the significance
of this is not known. The difficulty in grading ependy-
momas becomes especially significant if one is considering
different adjuvant treatment options based on tumor
grade and also when trying to analyze tumor grade as a
prognostic factor for survival.

The difficulty in diagnosing and grading ependymomas
can be readily appreciated by noting the inconsistent
proportion of allegedly malignant ependymomas in dif-
ferent series, ranging from seven per cent to as high as 89
per cent.5,7,12,29–31 In a recent prospective, randomized
trial by the Children’s Cancer Group (CCG), the patholog-
ical diagnosis of the treating institution and the central
review was discordant in 69 per cent of cases.6 The difficul-
ties in standardizing pathological diagnosis are not only
troublesome in the treatment of the individual child;
they also bring into serious question the validity of any 
of the published series of purported ependymomas.

More recent work has concentrated on the molecular
genetic abnormalities associated with ependymomas.
The most common abnormalities involve aneuploid
karyotypes and abnormalities of chromosomes 6, 17,
and 22.32–35 No single molecular genetic change has yet
been found consistently enough to be considered the
responsible genetic lesion.

NEUROIMAGING

Computed tomography (CT) imaging usually reveals a
mass located within the ventricular system itself or, less
commonly, in a periventricular location. The tumor fre-
quently contains cystic areas and calcification and is typ-
ically hyperdense. It is well demarcated, with contrast
enhancement.36,37 Obstructive hydrocephalus is a com-
mon accompanying feature that can be quite prominent.

More commonly today, magnetic resonance imaging
(MRI) is used to diagnose intracranial mass lesions. On
MRI, ependymomas typically display iso- to hypointensity
on T1-weighted images and hyperintensity on T2-weighted
images. In addition, they enhance with gadolinium injec-
tion and may contain areas of signal heterogeneity, repre-
senting hemorrhage, necrosis, or calcification.38,39

DIFFERENTIAL DIAGNOSIS

In the most common situation, the differential diagnosis
of interest is that of a posterior fossa mass lesion. Aside
from ependymoma, the most common tumors in this
location in children include astrocytoma, medullo-
blastoma, and brainstem glioma. Less common tumors
include choroid plexus papilloma, dermoid cyst, and
meningioma.

Occasionally, an ependymoma will distinguish itself
from these other tumors by way of certain imaging fea-
tures. For example, their midline location and hyperdensity
on CT is typically shared only by medulloblastomas.
However, extrusion into the cerebellopontine angle or,
especially, into the foramen magnum or upper cervical
spine is much more characteristic of ependymoma than
of medulloblastoma.

PROGNOSTIC FACTORS

Determination of the prognostic factors associated with
ependymomas is an area of great interest. However, this
process is a very difficult one. One of the major limita-
tions in determining prognostic factors is the difficulty 
in comparing patient outcomes between, or even within,
series. Part of this problem stems from the relatively
uncommon nature of this tumor, such that most single-
institution series report only a limited number of
patients who have been accrued over decades. This pres-
ents a major limitation, as these patients span many dif-
ferent eras in the treatment of ependymomas. Some of
the potentially important milestones include the exclu-
sion of ependymoblastomas from the ependymoma
group, the use and dose of radiotherapy, the use of
chemotherapy, the use of CT and MRI for diagnosis 
and postoperative residual tumor assessment, and the
improvements in surgical techniques. These all represent
potential confounding factors that can occur when 
comparing results that transgress these milestones. In
addition, there is much difficulty in standardizing the
pathological diagnosis and grading of ependymomas,
leading to great inconsistency in the literature. A further
limitation is that the vast majority of data come from 
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Table 17.2 Survival by location of ependymoma

Supratentorial Infratentorial Patients (n)
5-year overall 5-year overall

Ref. Total Supratentorial Infratentorial survival (%) survival (%) P

5 26 9 17 22 35 NS
4 51 18 33 35 50 0.1
52 93 40 53 48 53 NS
49 46 20 26 32 57 NI
11 80 17 63 46 59 0.31
47 20 10 10 40 60 NI
30 29 5 24 49 68 NI
48 24 7 17 28 23 NI
45 28 11 17 36 12 NI
14 41 15 26 40 26 NS
29 37 NI NI 51 19 0.08
44 25 9 16 64 34 0.17
51 92 60 32 66 47 0.46
46 31 11 20 76 34 0.04
41 37 12 25 83 46 0.3
50 19 8 11 100 54 0.036
Total 679 252* 390*

NI, not indicated; NS, not significant.
* Total numbers are missing data from Carrie et al.29

retrospective case series. This leads to inevitable biases 
in the retrieval and analysis of data, particularly with
respect to prognostic factors. While the following sum-
marizes the available literature, it should be noted that
the quality of the current evidence from the medical 
literature is quite limited.

Age

There are numerous studies that suggest that age is a
prognostic factor in children with ependymomas. Most
studies show that older children (over the age of three or
four years) have longer survival. In these studies, the five-
year survival rate for the older children ranges from 55 to
83 per cent compared with 12–48 per cent for the younger
group.4,9,11,14,40,41 Even among children under three years
old, a recent prospective study suggested that those aged
over 24 months have a better prognosis (five-year sur-
vival 63 versus 26 per cent).42 Although the verdict on
age is not unanimous (some studies have not demon-
strated any convincing difference in prognosis6,43), the
overall weight of evidence does seem to indicate that
older age is likely to have some prognostic significance.
One possible reason for this, however, may be the current
policy of avoiding or delaying radiotherapy in very
young children. Although there is no clear evidence that
the tumor behaves more aggressively in young patients, it
has been reported that the size of the tumor at presentation
appears to be related inversely to age.38

Location

Most pediatric ependymomas are located in the posterior
fossa, but there is little evidence to suggest that this location
is associated with a better survival prognosis. The five-year
survival rates range from 12 to 68 per cent for infratento-
rial tumors compared with 22–100 per cent for supraten-
torial tumors (Table 17.2).4,5,11,14,29,30,41,44–52 However,
among posterior fossa tumors, it has been suggested that
patients with lateral extension into the cerebellopontine
angle do worse.53 This is attributed to the much greater
difficulty in completely removing these tumors due to the
involvement of the lower cranial nerves and major vascular
structures, e.g. the posterior inferior cerebellar artery.

Tumor grade

There is great controversy regarding the prognostic sig-
nificance of tumor grade for ependymomas. Numerous
retrospective studies have shown that anaplastic ependy-
momas, or at least tumors with certain anaplastic features,
carry a worse prognosis.5,7,9,11,13,43,52,54,55 Other studies
have found tumor grade to be a factor for supratentorial
tumors only.23,44,56 The lack of uniformity in the grading
system used across series makes it difficult to conclude
which histological features are most prognostic.

While such an association would intuitively make
sense (following the pattern that has been well estab-
lished for different grades of astrocytomas), several studies
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have found no difference in prognosis based on tumor
grade for ependymomas.4,6,14,42,57 Among these series are
two prospective studies: a randomized trial from the
CCG6 and a prospective cohort study from the Pediatric
Oncology Group (POG).42 The relatively higher method-
ological quality of these works needs to be appreciated
and taken into account when weighing the overall evi-
dence, especially since there are so few such works in the
ependymoma literature. However, it should also be said
that these studies were not very large and were somewhat
limited in scope. In addition, the CCG study was poten-
tially biased, since it was designed to include only the
anaplastic subgroup of ependymomas. Of further note 
is that in the same CCG study, pathological specimens
underwent a formal, independent review process.6 This
process was particularly enlightening, since it demon-
strated a discordant pathological diagnosis in 69 per cent
of the cases. As mentioned previously, this is a rather dis-
turbing finding that significantly limits the conclusions
one can infer from most studies that have examined the
influence of tumor grade on prognosis.

Tumor resection

The extent of tumor resection is a particularly important
factor, since it is one that the surgeon has at least some
control over. The vast majority of studies do seem to sug-
gest that extent of resection, particularly gross total
resection (GTR), is associated with improved progno-
sis.5,6,9,11,14,41,42,52 Reported five-year survivals range from
60 to 89 per cent after GTR compared with 21–46 per cent
following partial resection. A small number of studies
have failed to demonstrate any survival advantage follow-
ing GTR.4,7,43

It is important to determine exactly how one ascertains
the degree of surgical resection and, therefore, the amount
of postoperative residual tumor. Healey and colleagues
demonstrated in their small series that while postoperative
residual tumor, as assessed by radiological imaging, was
associated with progression-free survival, the assessment
by the surgeon of the extent of resection was not prog-
nostically significant.30 In fact, the surgical assessment of
resection was refuted by the postoperative imaging in 32
per cent of cases. It is important to keep in mind that post-
operative imaging is mandatory and is the only acceptable
means of assessing residual tumor. Even in patients for
whom complete resection cannot be obtained, the ran-
domized trial from the CCG suggests that improved sur-
vival may be seen in patients with less than 1.5 cm2 of
residual tumor.6

Miscellaneous factors

While age, tumor location, tumor grade, and extent of
surgical resection are by far the most well established

potentially significant prognostic factors, other factors
have been suggested in the literature. These include gender,
race, and duration of symptoms.4,41,52 There is very little
evidence to suggest that any of these factors is, in fact,
significantly prognostic.6,7,11

An article by Bouffet and colleagues provides a thor-
ough assessment of the current state of knowledge
regarding ependymomas and makes a plea for future
cooperation, particularly in the form of prospective ran-
domized trials.58 Given the small numbers of such cases
that are seen at any single institution, a multicenter coop-
erative effort would be needed in order to prospectively
recruit a critical number of patients in a reasonable
period of time. Data from such studies would help
answer, in a much more definitive way, the many questions
that have been asked regarding ependymomas.

TREATMENT

Surgical therapy

Following diagnosis of a posterior fossa tumor, any
immediate threats to the child’s life need to be dealt with
urgently. Most commonly, this is severe obstructive
hydrocephalus, which may warrant rapid ventricular
drainage. If the child is severely obtunded as a result of
hydrocephalus, then urgent external drainage should be
performed. However, in most cases, the child will improve,
sometimes dramatically, with the urgent administration
of steroids, e.g. dexamethasone. This can obviate the need
for external ventricular drainage and should be tried first.
This usually provides an adequate temporizing measure
until the tumor is resected and normal CSF flow patterns
are re-established.

Preoperatively, it can be difficult to confirm the exact
type of tumor one is dealing with. However, virtually all
types of pediatric posterior fossa tumors will benefit, at
least in the short term, from surgical decompression. It
was stated above that complete surgical resection appears
to be an important prognostic factor. Therefore, every
effort should be made to perform as complete a resection
as is safely possible. Some authors have recommended
that if early postoperative imaging reveals residual
tumor, then a second-look surgery is warranted, with the
goal being GTR.59 Unfortunately, a complete resection is
very frequently extremely difficult, if not impossible.
Attempts at a radical resection may be associated with
the risk of surgical complications, including the increas-
ingly recognized cerebellar syndrome, which includes
cerebellar mutism60 and visual impairment.61 In a ran-
domized trial from the CCG, the authors followed a stan-
dard protocol for postoperative staging, and all patients
were operated on using relatively recent microsurgical
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techniques.6 However, over half the cases (53 per cent)
demonstrated residual tumor on postoperative imaging.

An important preoperative investigation is full neuraxis
staging with MRI. The results of this may have a significant
impact on the goals of surgery. Specifically, if distant metas-
tases are clearly observed, then this will certainly dampen
one’s enthusiasm for performing a GTR. This can be the
deciding factor in determining how aggressively to pro-
ceed in resecting a difficult adherent tumor, for example.

Radiation therapy

The principles of radiotherapy in ependymoma are
guided by their natural history. Although the benefit of
radiotherapy has not been shown by randomized trials,
large series have provided strong evidence that local control
is better when postoperative radiotherapy with local doses
greater than 45 Gy is given.11,51,62–65 There has been a
long debate as to whether local, whole-brain, or cra-
niospinal radiation fields should be used. Some authors
introduce histological criteria in their decision-making
process and reserve large-field irradiation for patients
with anaplastic features.31,43,66 However, given that local
tumor recurrence is the primary pattern of failure in
ependymoma regardless of histology or completeness of
resection, most authors have now abandoned craniospinal
irradiation and advocate focal fields when postoperative
radiotherapy is considered.67 Isolated neuraxis failure is
distinctly uncommon.

Because of persistent problems with local failure,
intensification of radiation treatment to the primary site
has been advocated and is currently under investigation.
The POG has conducted a study of hyperfractionated
irradiation in children with posterior fossa ependymoma.
The dose to the primary site was delivered in 58 fractions
of 1.2 Gy for a total dose of 69.6 Gy over six weeks. The
four-year event-free survival in this study is 74 per cent
in patients with GTR and 52 per cent for those with
subtotal resection.68 The preliminary results of this study
suggest improved outcome with hyperfractionated irra-
diation in patients with residual tumor, but no benefit for
patients with complete resection. Aggarwal and colleagues
have reported a limited series of five children with incom-
pletely resected ependymomas treated with stereotactic
radiosurgery given as a boost in addition to standard frac-
tionated irradiation.69 Four of the five patients demon-
strated response to this treatment, and all five patients
were alive at the time of the report, without evidence of
treatment related sequelae.

Advances in radiotherapy techniques, and particu-
larly the possibility of delivering high doses of radiother-
apy with high precision to well-defined volumes, are
influencing the management of ependymoma in infants
and young children. For decades, the policy has been to
avoid radiotherapy for children under the age of three

years. The use of conformal or stereotactic irradiation
allows the treatment of small volumes with minimal
damage to the surrounding tissues. These techniques are
currently under investigation, particularly in children over
18 months of age and with posterior fossa ependymomas.

Re-irradiation using “radiosurgery” has also been
proposed for patients with recurrent ependymoma in
order to prolong local control. Dramatic responses have
been reported, but radionecrosis is frequent and may
require steroids or reoperation.70 Despite an interesting
rate of local control, most patients eventually progress
outside the radiosurgery field.71 Patients with small pos-
terior fossa recurrences seem to benefit the most from
this treatment modality.

DEFERRAL OF RADIOTHERAPY

Reports on long progression-free survival following GTR
suggest that a subgroup of patients may benefit from
deferral strategies avoiding immediate postoperative radio-
therapy. However, the characterization of this subgroup
remains to be defined. Initial evidence came from retro-
spective institutional studies reporting on heterogeneous
groups of patients treated over a long period of time. In the
series of 35 children with posterior fossa ependymoma
from the Hospital for Sick Children in Toronto, Canada,
Nazar and colleagues reported three long-term survivors
out of six patients who did not receive postoperative treat-
ment.9 Two of five patients in the series from Papadopoulos
and colleagues,5 and three of six patients from the series
from Ernestus and colleauges,56 did not show evidence of
progression after radical surgery alone. In a retrospective
review of 20 patients with supratentorial ependymoma,
Palma and colleagues reported six long-term survivors 
who did not receive postoperative radiotherapy.23 They
concluded that surgery alone was a reasonable option 
for patients with completely resected, non-cystic, low-
grade ependymoma. More recently, Awaad and colleagues
reported the results of a prospective study aimed at defer-
ring radiotherapy in children with histologically confirmed
low-grade ependymoma following surgically reported gross
resection.72 Seven of the 12 eligible patients (one posterior
fossa tumor, six supratentorial tumors) were included in
the study, and five were alive and progression-free at the
time of the report. The authors concluded that deferral of
radiotherapy following GTR is a safe option, particularly in
patients with supratentorial ependymoma. This report 
suffers several criticisms, particularly the lack of definition 
of the histological classification used, and a higher than
expected proportion of patients with supratentorial lesions
(19 of 38) and with anaplastic features (18 of 38), suggest-
ing some selection biases.

Deferral strategies are also part of the strategy in use
in infants and young children. While the POG used a
policy of delayed irradiation in its first cooperative infant
protocol conducted between 1986 and 1990,73 the aim of
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the Société Française d’Oncologie Pédiatrique (SFOP)
study for infants and young children with ependymoma
was to avoid radiotherapy in first-line treatment.74 The
results from this group showed a 22 per cent four-year
progression-free survival rate in the 73 children registered.
In the multivariate analysis, supratentorial location and
complete resection were associated with a favorable out-
come. Despite this two-stage strategy, the four-year overall
survival reported by this group compared favorably with
survival data observed in older children treated with
early postoperative irradiation (74 per cent for patients
with complete resection, 35 per cent for patients with
incomplete resection).

These data suggest that a small proportion of children
with intracranial ependymoma may avoid radiotherapy.
Complete resection, supratentorial location, and benign
histology appear to be three important criteria to consider
in this regard. Prospective cooperative studies aiming at
avoiding radiotherapy in older children fulfilling these
criteria are pending.

Chemotherapy

The benefit of chemotherapy has never been demon-
strated for patients with ependymomas. The only ran-
domized study assessing the role of chemotherapy failed
to show a survival advantage of post-radiotherapy
chemotherapy with vincristine, prednisone, and lomus-
tine.75 In retrospective studies, chemotherapy has never
shown any evidence of benefit in terms of overall or
event-free survival. Response rates with chemotherapy
are disappointing, and a recent review of phase II studies
reported an 11 per cent response rate for single agents
and a 26 per cent response rate for combination
chemotherapy in ependymomas.76 Reports on high-dose
chemotherapy studies do not suggest any benefit.77,78

Only one series using intensive chemotherapy with vin-
cristine, carboplatin, ifosfamide, and etoposide after
radiation therapy suggested a survival benefit, with a
five-year progression-free rate of 74 per cent, regardless
of the extent of resection.50 However, another recent
report using a very similar ifosfamide, carboplatin,
etoposide combination did not confirm these data.79

Despite these facts, chemotherapy is still a standard
postoperative treatment for infants with ependymoma,
when the aim of the physician is to delay or avoid radio-
therapy. The first cooperative infant protocol conducted
by the POG has reported an impressive 48 per cent
response rate among evaluable infants, using a combina-
tion of vincristine and cyclophosphamide.73 A parallel
study was conducted at the same period by the Children’s
Cancer Study Group (CCSG) for infants with malignant
brain tumors. The chemotherapy regimen “8 in 1” was
given for one year; radiotherapy was given, at the discretion
of the physician, either after two courses or at the end of
the year of treatment. Most children were not irradiated,

and the three-year progression-free survival was 26 per
cent for infants with ependymoma in this experience.80

Other cooperative experiences have pointed out the high
recurrence rate observed despite the use of chemotherapy
in infants, even after complete macroscopic resection.81

The POG-9233 study randomized a standard versus an
intensified regimen for infants with malignant brain
tumors. The relative dose intensity between standard and
intensive chemotherapy was 1.8.82 A total of 84 patients
with ependymoma were eligible, including 47 with evi-
dence of residual tumor after initial surgery. Seventeen of
25 infants with evaluable tumors and allocated to the stan-
dard chemotherapy arm responded to standard chemo-
therapy. All 22 infants with measurable disease responded
to chemotherapy in the intensive arm. In this experience,
event-free survival was improved with intensive chemo-
therapy, but overall survival was not. The three-year
event-free survivals for children who had a complete or
incomplete resection were 41 and 17 per cent, respectively.
Although they may be of some benefit among indivi-
duals, these results provide little support for the system-
atic use of chemotherapy in patients with ependymoma.
Appendix 1 summarizes all of the recent single-agent and
combination therapy trials for ependymoma.

The current policy is to recommend chemotherapy 
(i) in all infants when the aim is to delay or avoid radio-
therapy and (ii) in patients with residual tumor after initial
surgery. The aim of chemotherapy in this context is to
facilitate second-look surgery. The systematic analysis of
tumor specimens obtained following chemotherapy may
provide useful information for future development.

Drug resistance in ependymoma appears to be multi-
factorial. At least two mechanisms of resistance to chemo-
therapy have been suggested: (i) the expression of the
multiple resistance gene MDR-183 and (ii) the over-
expression of the DNA protein O6-methyl-guanine-DNA
methyltransferase.84 So far, drugs known to reverse
MDR-1 expression in vitro have failed to show any clinical
benefit. Modulation of O6-methyl-guanine-DNA methyl-
transferase activity is currently under investigation.

RECURRENCE AND PATTERNS OF FAILURE

Ependymomas have a propensity to spread via the CSF
system, and between five and 22 per cent of children
present with documented leptomeningeal metastases at
diagnosis.4,6,10,41,52 Given this fact, full and proper staging
of the entire CNS is mandatory early on in the child’s
evaluation. This includes full-neuraxis MRI and exami-
nation of CSF cytology. It has been suggested that the
proportion of ependymomas diagnosed with evidence of
distant metastases has increased since the early 1970s.10

Improvements in preoperative staging technology have
likely played a large part in this change.
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Although ependymomas do have the capacity for lep-
tomeningeal spread, the vast majority of tumor recurrences
occur as a result of local tumor relapse.7,52,85–87 Tumor
recurrence presenting as metastatic spread without any
evidence of local recurrence is very rare, occurring in
only seven to eight per cent of cases.6,7

Unfortunately, most childhood ependymomas do
recur at some point. The five- and ten-year progression-
free survivals are approximately 36–64 per cent and 47–48

per cent, respectively.6,14,44,86 An unresolved issue is
exactly what surveillance protocol is optimal for children
with ependymomas, in order to maximize detection of
recurrence without unduly wasting resources. The detec-
tion of asymptomatic recurrences through routine sur-
veillance does appear to confer some benefit.88 The CCG
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(a)

(b)

Figure 17.1a,b Gadolinium-enhanced magnetic resonance
axial (a) and sagittal (b) images, demonstrating a large posterior
fossa ependymoma with minimal enhancement.

(a)

(b)

Figure 17.2a,b Gadolinium-enhanced magnetic resonance
axial (a) and sagittal (b) images, demonstrating a small nodular
recurrence on the floor of the fourth ventricle.
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has recommended MRI of the brain (and spine, if there 
are documented metastases) every three months for the
first year.89 Others have suggested protocols, based on 
the pattern and timing of ependymoma recurrences, in
which no imaging is performed in the first 18 months
following resection. After this period, relatively frequent
imaging (every four to six months) is performed for 3.5
years, with no further surveillance imaging thereafter.90

Treatment of recurrence

Once tumor recurrence has been identified, treatment
options become relatively limited, both in scope and in
efficacy. Initial consideration should be given to reopera-
tion in cases of local recurrence. Since the local area, at
least, has already been irradiated, further radiation ther-
apy is usually no longer feasible, other than for isolated
areas of remote metastases. However, some have recently
suggested re-irradiation using radiosurgery.70 Various
chemotherapeutic regimens have been studied, with 
relatively poor results.85,91–95 The only agent to show
even mildly promising results has been cisplatin, but this
is also associated with potentially significant renal and
otological toxicity.91,93,95 More recently, a very aggressive
approach of high-dose, intensive chemotherapy with
autologous bone-marrow transplant rescue has been
investigated for recurrent ependymomas.77,78 Unfortu-
nately, the children in these small series experienced very
little clinical response and there was a high incidence of
fatal toxicity. The authors of both series concluded that
this was not an effective means of treating recurrent
ependymomas.

OUTCOME

Compared with many other childhood brain tumors, the
outcome for ependymomas is relatively poor. The five-year
survival rate ranges from 39 to 64 per cent.4,6,7,9,12,30,52,53

The ten-year survival rate drops to approximately 45 per
cent.30,41,53 However, beyond the issue of just absolute
survival, there is also the potential impairments that may
occur in the quality of life of long-term survivors of child-
hood brain tumors.96–98 These children frequently have
relatively low intelligence quotients, along with poor
general academic and psychosocial functioning. While
current therapeutic modifications must be aimed at
improving survival, the issue of quality of life must also
be given strong consideration. Future therapeutic direc-
tions should be aimed at decreasing the long-term neu-
rological morbidity that otherwise results from surgical-,
chemotherapeutic-, and radiation-induced insults to the
developing nervous system.
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APPENDIX: CHEMOTHERAPY FOR
EPENDYMOMA

Chemotherapy trials for ependymoma:
single-agent therapy

Chemotherapy trials for ependymoma:
combination therapy

Agent Response/patients CR Ref.

AZQ 2/29 2 1–5
Carboplatin 4/31 6, 7
Cisplatin 11/33 6 8–11
Cyclophosphamide 1/2 12
Cytarabine 0/1 13
Dibromodulcitol 0/12 14
Etoposide 4/21 1 15–17
Idarubicin 0/13 18
Ifosfamide 1/20 19, 20
Interferon alpha 1/1 21
Interferon beta 0/2 22
Iproplatin 0/7 7
Irinotecan 1/5 0 23
Paclitaxel 0/14 24, 25
PCNU 1/11 1 26, 27
Procarbazine 0/3 13, 28, 29
Thiotepa 0/12 30, 31
Topotecan 0/4 32
Vincristine 0/1 13
Total 26/222 (11.7%) 10 (4.5%)

AZQ, aziridinylbenzoquinone; CR, complete response; PCNU, [1-(2-
chloroethyl)-3-(2,5-dioxo-3-piperidyl)-1-nitrosourea].

Combination Response/patients CR Ref.

8-in-1 3/18 1 33–35
COPP 0/2 36
Cytarabine/ 0/2 37
etoposide/cisplatin

Etoposide/carboplatin 1/11 38
Etoposide/ifosfamide 1/10 39
Etoposide/ifosfamide/ 2/6 2 40
carboplatin

Etoposide/cisplatin 2/2 2 41
MOPP 3/3 3 42
Vincristine/ 12/25 43
cyclophosphamide

Head Start 1/6 44
VETOPEC 6/7 NK 45
Baby SFOP 0/27 46
(6-drug regimen)

Etoposide/thiotepa � 0/7 47
carboplatin

Busulfan/thiotepa 0/15 48
Total 31/141 8 

(22%) (5.6%)

COPP, cyclophosphamide, vincristine, procarbazine, and prednisone; 
CR, complete response; MOPP, mustine, vincristine, procarbazine,
prednisone; NK, not known; SFOP, Société Francaise d’Oncologie
Pédiatrique; VETOPEC, vincristine, etoposide, cyclophosphamide.
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INTRODUCTION

The past two decades have been characterized by a dra-
matic improvement of the prognosis of malignant germ-
cell tumors (GCTs) in all localizations, in both the adult
and the pediatric populations. This can be attributed
mainly to national and international cooperative thera-
peutic protocols that have utilized cisplatin-based com-
bination chemotherapy integrated into a multimodal
therapeutic approach. Although the first pediatric trials
were designed in the light of the previous experience in
malignant testicular GCTs in adults, these studies soon
revealed the particular clinical and biological features of
childhood GCT. Moreover, the early observations have
allowed tailoring of therapy more specifically to the 
pediatric setting and the introduction of stratification 
of chemotherapy according to risk groups with respect to
the parameters of age, histology, primary site, and stage.

Epidemiology

In the pediatric age group, malignant GCTs are rare
tumors that contribute 2.9 per cent of all registered neo-
plasms in central children’s cancer registries.1 For exam-
ple, in Germany the incidence of malignant GCT is 0.6/
100 000 children aged 15 years or younger. Since ter-
atomas contribute an additional 50 per cent, the overall
incidence of GCT can be estimated as 0.9/100 000 chil-
dren aged 15 years or younger. The distribution of GCTs
with regard to tumor site and histology varies significantly
with age. In neonates, mature and immature teratomas
predominate (girls 0.9/100 000, boys 2.6/100 000). In the

first years of life, the overall incidence of GCT decreases
(�0.1/100 000 for both sexes at five years of age), but
among toddlers, the relative proportion of malignant
tumors such as yolk-sac tumors (YSTs) increases. The inci-
dence of gonadal tumors, mainly seminomas and dysger-
minomas, increases with the onset of puberty. In patients
under 15 years of age, there is a female predominance. In
young men, GCTs represent the most common malig-
nant tumor. Intracranial GCTs occur in children and adults
and represent one per cent of all malignant neoplasms in
children.

Natural history

According to the holistic concept of Teilum (Figure
18a.1),2,3 GCTs arise from totipotent primordial germ cells
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that are capable of embryonic and extraembryonic dif-
ferentiation. YSTs and choriocarcinomas (CHCs) follow
an extraembryonic differentiation pattern and are char-
acterized by significant secretion of alpha-1-fetoprotein
(AFP) and human choriogonadotrophin (HCG or �-
HCG), respectively (Table 18a.1). Embryonal carcinomas
represent tumors of immature totipotent cells. Teratomas
display an embryonic differentiation and may mimic
organ structures of all germ layers. In teratoma, the 
histologic grade of immaturity is defined by the extent 
of immature (predominantly neuroepithelial) elements.4

Finally, germinomatous tumors (synonyms: seminoma
(testis), dysgerminoma (ovary), germinoma (brain)) dis-
play morphological features of undifferentiated germ
epithelium. In contrast to testicular GCTs of adult patients,
pediatric GCTs do not develop from carcinoma in situ.5

Biology

Molecular studies of the imprinting status of GCTs have
revealed that gonadal and non-gonadal GCTs share a
common cellular origin, the primordial germ cell,
although at different stages of their development.6,7 These
data substantiate the hypothesis that non-gonadal GCTs
develop from germ cells that have become mislocated
during their embryonic development. While no consis-
tent correlation between cytogenetic aberration and pri-
mary site of the tumor has been observed, it is apparent
that histology (teratoma versus malignant GCTs) and age
(pre- versus postpubertal) both correlate significantly
with distinct genetic profiles.8

Pediatric GCTs show a pattern of cytogenetic aberra-
tions different from their adult counterparts. More than
80 per cent of adult malignant GCTs display a distinct and
specific chromosomal aberration, the isochromosome
12p.9 The remaining isochromosome 12p-negative tumors
frequently show amplification of 12p (homogeneously
staining regions or tandem repeats). These aberrations
have been observed in gonadal and non-gonadal GCTs.

In children under ten years of age, an isochromosome
12p has been found in only a small minority of malig-
nant GCTs.8,9 On the other hand, aberrations at both the

short and long arms of chromosome 1, at the long arm of
chromosome 6, and in the sex chromosomes have been
found frequently.10 Finally, virtually all prepubertal ter-
atomas are normal on conventional cytogenetic analysis
and on comparative genomic hybridization.11

Diagnosis

Intracranial GCTs form a heterogeneous group of
tumors that, although rare, present some peculiar fea-
tures (sites of involvement and origin, hormonal activity,
strict relationship of lesions with cerebrospinal fluid
(CSF) and ventricular system, high chemo- and
radiosensitivity) affecting the natural history, diagnostic
approach, and treatment strategies. The accuracy of ini-
tial diagnosis and staging can influence significantly the
treatment decisions and consequently the possibility of
cure. Diagnosis of GCTs is based on clinical symptoms
and signs, markers, neuroimaging, and cytological (CSF)
and histological confirmation. All these aspects are
important and are strongly recommended to be assessed
fully by a multidisciplinary team (neurosurgeon, oncolo-
gist, neuroradiologist, pathologist) before treatment
(including surgery) is initiated.12–15

The sequence of timing of decisions between diagno-
sis and the start of therapy is not always easy to adhere to,
considering that the patient’s clinical condition, especially
in cases of pineal tumors, may not allow a long delay to
start of therapy. However, it is very important to try to
perform the correct staging and diagnosis before treat-
ment is initiated, because this can positively influence the
results of therapy and outcome.

Clinical aspects

The clinical symptoms and signs at presentation of GCTs,
and their appearance, are strictly dependent on the par-
ticular site of involvement (suprasellar, pineal, or both)
and with histological tumor types that can determine
hormonal activity. Duration of symptoms before diag-
nosis is related to velocity of tumor growth and location,
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Table 18a.1 Biological characteristics of germ-cell tumors

Entity Dignity �-HCG AFP RT CT

Germinoma Malignant (�) – ��� ���
Embryonal carcinoma Malignant – – � ���
Yolk-sac tumor Malignant – ��� � ���
Choriocarcinoma Malignant ��� – � ���
Teratoma Benign – ((�)) (�) –

(potential
malignant)

AFP, alpha-fetoprotein; �-HCG, beta-human chorionic gonadotrophin; CT, chemotherapy; RT, radiotherapy.



being longer in germinoma (especially of the suprasellar
site) compared with malignant non-germinomatous
germ-cell tumors (MNGGCTs). Median time from 
first symptom to diagnosis in suprasellar germinoma is
reported to range from 20 to 30 months; this interval 
can be shorter, irrespective of histology, if the tumor is
developing in a pineal site, where symptoms of increased
intracranial pressure (caused by cerebral aqueduct obstruc-
tion) are more frequently apparent. Lesions in the pineal
site may also cause compression and invasion of the tectal
plate, producing the characteristic upward gaze and con-
vergence paralysis known as Parinaud’s syndrome. Other
visual symptoms can be caused by invasion of the chiasm
by suprasellar tumors, but visual signs and symptoms are
usually less frequent.

Overall, the most frequent signs and symptoms at
diagnosis are the endocrine abnormalities caused by 
several mechanisms: the disruption of the hypothalamo-
hypophyseal structures (with consequent endocrine 
dysfunctions, e.g. diabetes insipidus, growth hormone
deficiency) and direct production by the tumor of selected
oncoproteins (�-HCG, HCG, a glycoprotein normally
secreted by syncytiotrophoblasts) and a stimulant of testo-
sterone secretion.16,17

The frequency and type of symptoms at diagnosis of
intracranial GCTs have been reported by Hoffmann and
colleagues (Table 18a.2)18 and other authors.19,20

Of the endocrine symptoms, the most frequent at
diagnosis for the tumors arising in the suprasellar loca-
tion is diabetes insipidus, which is part of the classical
triad: diabetes insipidus, symptoms and signs of hypo-
thalamic-pituitary dysfunction, and visual disturbances.
Diabetes insipidus is so common (between 9318 and 100
per cent21) that a diagnosis of suprasellar germinoma

should always be considered in the presence of so-called
“idiopathic” diabetes insipidus. One study showed that
of 79 cases of diabetes insipidus, 18 (20 per cent) were
caused by a tumor (usually a germinoma) involving the
hypophyseal peduncle.22 The association of diabetes
insipidus with other types of hypothalamic tumors that
may be confused with germinoma, such as low-grade
glioma, is extremely uncommon at diagnosis but is more
common after surgery.23,24 Diabetes insipidus is a result
of the origin and development of the tumor in a specific
area of the hypothalamus and the hypophyseal peduncle,
from where the tumor can expand, as shown clearly by
the case in Figure 18a.2.

Neuroimaging

Although not highly specific and not a substitute for his-
tological diagnosis, which requires tumor tissue exami-
nation, the greater experience and the technical quality
of modern imaging has contributed greatly to a more
precise preoperative diagnosis of intracranial GCTs.
Magnetic resonance imaging (MRI) is the most appro-
priate imaging modality, although computed tomogra-
phy (CT) scanning can add information on the presence
of calcification. Modern neuroradiology also contributes
to insights into the natural history (site of origin, pattern
of growth) of these diseases and is crucial for follow-up
evaluation of response to treatment. MRI findings plus
clinical signs and typical location (suprasellar, bifocal,
pineal) can largely predict the presence of an intracranial
GCT before biopsy. Correct interpretation of imaging
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Table 18a.2 Intracranial germ-cell tumors in children:
presenting clinical features

Symptoms at
Site (no. of cases)

diagnosis Suprasellar (16) Pineal (32)

Diabetes insipidus 11 5
Raised intracranial 1 27
pressure

Visual changes 7 10 (Parinaud 8, 
loss of downward
gaze 2)

Hypopituitarism 7 –
Changed level of 4 7
consciousness

Seizures – 1
Oculomotor palsies 1 –
Median duration before 21 4
diagnosis (months)

Reprinted from H.J. Hoffman et al.18 by permission of the Journal of
Neurosurgery.

Figure 18a.2 Example of a case with metastasis involving the
ventricular system. The tumor is visible in the fourth ventricle of
lateral ventricles.



should take into account the MRI appearance of the nor-
mal anatomy of the pineal and suprasellar regions at 
different ages and of that of other benign or malignant
lesions typical in these sites (pineal cysts).25–27 For a
patient suspected of having a GCT, the appropriate radi-
ological study is MRI, which should be performed as 
follows: pre-gadolinium axial study of the brain with 
T1, T2, and fluid attenuated inversion recovery (FLAIR)
sequences; T1 axial, coronal, and sagittal sequences; and
volumetric post-gadolinium T1 sequences. The study of
the spine should be performed with both axial and sagit-
tal post-gadolinium T1 sequences. At follow-up, the MRI
study should be performed using the same procedure,
making sure that the slices are comparable.

On MRI, GCTs usually appear as solid masses that are
iso- or hyperintense relative to gray matter and show
prominent enhancement following the administration of
contrast media. Within the context of an otherwise bifocal
GCT, the presence of fat and calcifications or intratumoral
cysts can suggest the presence of a mature teratomatous
component.27–29

The main neuroradiological features of pure germi-
nomas are represented by their typical site of origin.
Thirty per cent of cases are bifocal and less than ten per
cent are metastatic with multifocal involvement, espe-
cially within the ventricular system. For patients with
germinomas who present with endocrine symptoms,
assessment with MRI is generally performed early, and
thus diagnosis when the lesion is still small is becoming
more frequent. In these cases, MRI can show the lack of the
bright spot of the neurohypophysis on T1-weighted images
and thickening of the hypothalamus and infundibular
stalk. Larger masses usually demonstrate a homogeneous
pattern. In contrast, secreting GCTs are isodense or hyper-
dense on CT. Evidence of calcifications may be present.
They are hypoisointense on T1 MRI, and hyperintense or
isointense on T2-weighted images.

In suprasellar sites, the differential diagnosis is from
Langerhans cell histiocytosis and sarcoidosis for small
lesions, and from low-grade gliomas for larger lesions. In
the pineal location, differential diagnosis is from other,
less frequent tumors in this site, such as primitive neuro-
ectodermal tumors (PNETs), low-grade astrocytomas,
and pineocytomas. For PNETs, the age of the patient can
help in diagnosis, because they usually occur in younger
children.23

The accuracy of MRI and CT scanning during follow-
up is very important for the information that it can give
regarding the response to treatment, and the presence,
size, and location of residual tumor, which can influence
subsequent treatment strategies.30 Pure germinomas
usually disappear completely after a relatively low dose of
radiotherapy or a few cycles of chemotherapy. Germi-
nomas with teratomatous components and MNGGCTs
may have a more complex pattern of response, with slow

regression of residual tumors despite markers of normal-
ization or sometimes profound morphological regressive
changes inside the lesions (increased necrosis and cystic
component, increased volume of mature residual ter-
atomatous component).

Markers

GCTs may secrete specific tumors markers such as 
�-HCG and alpha-fetoprotein (Tables 18a.3 and 18a.4).

Within the past five or ten years, due to the availabil-
ity of more reliable laboratory tests to detect these onco-
proteins in the serum and CSF and the greater experience
achieved in the interpretation of tumor markers both in
extracranial and intracranial GCTs, definite subgroups of
patients with high or slight increases in serum and spinal
fluid markers have been identified. High levels (�50 for
�-HCG, �25 for alpha-fetoprotein) in so-called “secret-
ing GCTs” are associated with a worse prognosis and the
need for more aggressive treatment.31–34 Pure germinomas
and pure teratomas usually present with negative markers,
although very low levels of �-HCG in pure germinomas,
and of alpha-fetoprotein in pure teratomas, occur in a
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Table 18a.3 Characteristics of beta-human chorionic
gonadotrophin (�-HCG)

Produced by placenta Increases hormones to maintain 
pregnancy

Half-life 16 hours

Normal values
Serum �5 mUI/ml
Cerebrospinal fluid Absent
Marker for Placental tumors, fetal diseases 

(Down’s syndrome)
NG germ-cell tumors (choriocarcinoma, 
embryonal carcinoma, mixed)
Pure germinomas (�5% of cases) 
with foci of trophoblastic 
tissue (levels �50)

NG, non-germinoma.

Table 18a.4 Characteristics of alpha-fetoprotein (AFP)

70 kDa-glycoprotein
Binding protein in fetus (yolk sac, liver, intestine)

Measurement technique Immunoassay
Half-life 5 days
Normally elevated • During gestation, in fetus and 

in mother

• After birth; level decreases up 
to age 2 years

Marker for • Liver tumors

• NG germ-cell tumors (yolk
sac, embryonal carcinoma, mixed)

Normal value �15 mg/ml



small percentage of cases (the real frequency of these cases
is not completely clear, as the policy of determining mark-
ers systematically in both spinal fluid and serum in all cases
at diagnosis was not recommended in the past). A relevant
percentage of cases enrolled in the Société International
d’Oncologie Pédiatrique (SIOP) GCTs study, which
opened in Europe in 1996 and accounted for 259 cases at
December 2000, had marker determination in spinal
fluid and serum, but at the time of writing this informa-
tion was not complete. Prognosis does not seem to be
influenced negatively in patients presenting with a slight
increase in �-HCG at diagnosis and having histologically
proven germinoma. However, this is still controversial,
and in the presence of slight elevation of levels of
�-HCG, the presence of syncytiotrophoblastic foci in the
tumor may be a worse prognostic factor.

Placental alkaline phosphatase (PLAP) is being used
increasingly as a specific marker of seminomas in adults.35

Its potential benefit in identifying specifically pure ger-
minomas is under investigation. The main problem is
that the techniques for detection of germinoma are not
yet sensitive enough to guarantee the test for wider use.

In malignant non-germinomatous germ cell tumors
(MNGGCTs), the presence of marker elevation at diag-
nosis is very frequent (80 per cent in serum, �60
per cent in CSF); this could even be underestimated, tak-
ing into account the high frequency of cases that are still
staged incompletely. The presence of positive markers is
then assumed to be an unequivocal sign of the presence
of one or more malignant components needing a treat-
ment different from that which is appropriate for 
germinoma, i.e. a need for chemotherapy without any
histological confirmation if there is a typical clinical and
neuroradiological picture of GCT. Modern treatment
recommendations included in the international proto-
cols designed for these tumors (SIOP CNS GCTs ’96
study, International Germ Cell Tumor Study) recommend
that if the history, endocrine signs, and imaging suggest a
possible intracranial GCT, then markers should be per-
formed before any treatment decision, including surgical
removal, which can be postponed after chemotherapy in
secreting tumors, probably with better results.

Marker determination is also very useful during treat-
ment and follow-up in order to monitor response to
chemotherapy or remission status. Marker levels decline
after effective therapy and they are a sensitive diagnostic
tool in detecting relapse.36–38 �-HCG elevation unrelated
to tumor regrowth was noted only in coincidence with
hormonal replacement therapy.

Cerebrospinal fluid

The estimation assay of CSF for selected oncoproteins 
(�-HCG, alpha-fetoprotein) has become standard prac-
tice in the preoperative evaluation of patients suspected of

harboring central nervous system (CNS) GCTs and for
monitoring their response to treatment.13,34 As shown by
the SIOP preliminary data, a significant percentage of
cases present with marker-positivity only in the CSF. CSF
samples can be obtained during surgical procedures to
treat hydrocephalus (positioning of ventriculoperitoneal
shunt, third ventriculocisternotomy) or by lumbar punc-
ture in cases without hydrocephalus or with small lesions
and few symptoms. A cytological examination according
to the techniques also used for detection of cancer cells in
leukemia and medulloblastoma is strongly recommended,
as cases with positive cytology are considered metastatic
and eligible for more extended irradiation fields.

Histologic classification of intracranial
germ-cell tumors

CNS GCTs are characterized by a profound heterogene-
ity in their histologic differentiation. They are classified
according to the World Health Organization (WHO)
grading for intracranial GCTs. As intra-tumor heterogene-
ity may be subtle, the initial diagnostic work-up should
include the evaluation by an experienced pediatric pathol-
ogist. For instance, according to the guidelines of the
German GCT protocols, a central reference histology is
mandatory in order to achieve a standardized and reli-
able histopathological diagnosis and grading.

About 25 per cent of all pediatric CNS GCTs present
as tumors with more than one histologic type. In this sit-
uation, therapy and prognosis depend on the component
with the highest malignancy.

The final diagnosis of GCTs is made by histological
examination of the tumor specimens obtained after sur-
gical procedures. In the past, histological confirmation was
made mainly after open biopsy or on tumor specimens
obtained with tumor removal of the lesion. In the past ten
years, several new techniques have become suitable for less
invasive surgical procedures, such as stereotactic biopsy
and biopsy during neuroendoscopy procedures.39,40

SURGICAL MANAGEMENT

Although there is a consensus that surgery is required in
all patients with negative markers in serum and CSF or
borderline secretion of markers for diagnosis, the value
of extensive surgical resection, especially total or near-
total resection, is unproven.41

If ventricular drainage is required, then one modern
method of choice is neuroendoscopy by third ventricu-
lostomy. In patients with involvement of the anterior third
ventricle, thus making third ventriculostomy impossible,
then ventriculoscopy at a procedure to establish external
or internal ventricular drainage will still afford the
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opportunity to obtain biopsies and CSF sampling.
Several papers have established the efficacy of neuroen-
doscopic biopsy in germ-cell and non-germ-cell tumors
of the pineal39 and of the third ventricle. Non-surgical
treatment can be curative itself in most cases of germino-
mas, and patients with MNGGCTs can be treated by a
policy involving a delayed surgical approach. A histolog-
ical diagnosis by the least invasive technique is recom-
mended whenever necessary (cases with markers
negative, including patients with germinomas). The risks
of surgery, including hemorrhage and oncological risks,
such as tumor dissemination, should always be weighed
against the benefits.

The use of stereotactic biopsy to obtain histological
confirmation has become the standard diagnostic proce-
dure.41 However, it should be recognized that patients
have to be treated as individuals in the acute situation,
and particular circumstances may occasionally dictate
the extent of surgery.

There are also situations in which the presence of a
GCT is not considered high on the differential diagnosis,
due to its location.

Surgery has a major role to play in the treatment of
residual MNGGCT following chemotherapy and before
consideration of radiotherapy. It also plays a dominant
role in the treatment of intracranial mature teratoma.

Interesting histological aspects have been described
increasingly since the wider use of delayed surgery for
secreting GCTs. The tumor specimens after treatment are
found to present significant histomorphological changes,
such as disappearance of malignant components, matu-
ration, and involutive changes, correlating to some MRI
aspects, including increased necrosis and degenerative
cystic changes.

NON-SURGICAL TREATMENT

General aspects

The treatment of malignant CNS GCTs in children and
adolescents follows a multimodal concept that may
include tumor resection irradiation, and chemotherapy.
The response correlates with tumor histology. Germino-
matous GCTs are exceptionally sensitive to both irradia-
tion and platinum-based chemotherapy. Platinum-based
chemotherapy is also highly effective in malignant non-
germinomatous GCTs of children.42,43

Therapy for malignant intracranial GCTs is stratified
according to the histologic differentiation (germinoma
versus secreting GCT) and initial tumor stage (non-
metastatic/metastatic).

The management scheme in the current European
SIOP CNS GCT trial is summarized in Figure 18a.3.

Germinoma

Standard treatment for intracranial pure germinoma is
craniospinal irradiation. The past decade of intracranial
germinoma management has been characterized by a
debate about the necessary dose and treatment volume of
irradiation to achieve sufficient local tumor control and to
treat subclinical disease in the whole ventricular and spinal
CSF space. In the German MAKEI ’89 protocol, a dose
reduction from 36 to 30 Gy in the craniospinal axis was per-
formed, and the five-year relapse-free survival rate was 88
per cent. It has been demonstrated that a five-year event-
free survival of 91 per cent and a five-year overall survival of
94 per cent can be achieved by radiotherapy alone.44

With the combined chemo- and radiotherapy
approach, a three-year relapse-free survival of 96 per cent
and an overall three-year survival of 98 per cent have
been reported. However, in this study, two of the four
observed events occurred after the evaluated three-year
observation period.45 A recent analysis of recurrence in
the Société Francaise d’Oncologie Pédiatrique (SFOP)
studies and of the institutional experience of the Milan
Cancer Institute revealed that most relapses after com-
bined treatment and focal irradiation appeared in the
ventricular area.46,47 Finally, strategies that have utilized
chemotherapy but that have excluded radiotherapy com-
pletely have resulted in insufficient local tumor control.48

The ongoing SIOP CNS GCT ’96 protocol (Figure
18a.3) aims to evaluate two different therapeutic options
in intracranial germinoma with regard to both their
therapeutic impact and their specific acute and long-
term toxicity. In pure intracranial germinomas, which
account for 50 per cent of all intracranial GCTs, which
may occur bifocally (30 per cent), and which do not secret
significant amounts of �-HCG, histologic verification of
the tumor is mandatory. According to the current SIOP
CNS GCT ’96 protocol, patients can be treated either
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Non-metastatic

Metastatic

Germinoma

Secreting GCT

Germinoma

Secreting GCT

→ Craniospinal irradiation 24 Gy � 16 Gy tu
2 � carboPEI →
4 � PEI→

Craniospinal irradiation 24 Gy � 16 Gy tu→
2 � carboPEI→

4 � PEI 

focal irradiation 40 Gy→
focal irradiation 54 Gy→

Craniospinal irradiation 24 Gy
� 16 Gy tu

→

Craniospinal irradiation 30 Gy
� 24 Gy tu

→→

Figure 18a.3 Société Internationale de Oncologie Pédiatrique
(SIOP) 1996: central nervous system germ-cell tumor therapy.
(carboPEI, carboplatin, etoposide, ifosfamide; PEI, cisplatin,
etoposide, ifosfamide; tu, tumor.)



with craniospinal irradiation with 24 Gy and a tumor
boost of 16 Gy or with a multimodal treatment including
two cycles of chemotherapy (carboplatin, etoposide, ifos-
famide) followed by focal irradiation (40 Gy). The higher
local dose at the primary tumor site also aims to control
potential small foci of non-germinomatous histology,
such as syncytiotrophoblastic cells that may have been
missed by biopsy. As GCTs may arise adjacent to sensitive
structures such as the optic chiasm, it is recommended
that a reference radiation oncologist should be consulted
for detailed recommendations on optimal treatment
techniques. Preliminary data show a comparable event-
free survival for both treatment arms.

Secreting germ-cell tumors

MNGGCTs (YSTs, CHC, embryonal carcinoma) show an
inferior prognosis compared with germinoma.

The most effective chemotherapy and the optimal
irradiation dose should provide the opportunity for cure
in a majority of patients. A multimodal therapy combin-
ing chemotherapy and irradiation appears to be most
promising. Observation of treatment with cisplatin, vin-
blastine, and bleomycin in combination with other drugs
was reported in the late 1980s. A cumulative dosage of
cisplatin of more than 300 mg/m2 and irradiation with a
tumor dose of approximately 50–54 Gy, together with
craniospinal irradiation of approximately 40 Gy, seemed
to be most effective.49 Due to a synergistic effect of cis-
platin and etoposide, this regimen was favored in the
1990s, with variable success.41,50 These treatment strate-
gies, investigated in several small series of patients,
achieved survival rates between 30 and 60 per cent. The
chemotherapy dosages and mode of administration, and
the volumes and dose prescriptions of radiotherapy
used, varied extensively. Strategies that excluded 
radiotherapy from first-line treatment yielded inferior
results.48

In the SIOP CNS GCT ’96 protocol for MNGGCTs,
the effect of combined treatment with cisplatin, etopo-
side, and ifosfamide (PEI) and risk-adapted radiotherapy
is being examined (non-metastatic/metastatic). In these
patients, four cycles of cisplatin-based chemotherapy
(PEI) are given, followed by delayed tumor resection and
radiotherapy. The radiotherapy is stratified according to
the initial staging. Non-metastatic tumors receive focal
irradiation (54 Gy), while patients with intracranial or
spinal metastases or tumor cells in the CSF receive
craniospinal irradiation (30 Gy plus 24-Gy tumor 
boost).

The summary of several cooperative protocols and
the preliminary data of the SIOP CNS GCT ’96 protocol
suggest that a long-term remission can be obtained in
about two-thirds of patients.49
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CASE STUDY 1

An 11-year-old boy presented with a short history of
dizziness and diplopia. Clinical examination showed
a right sixth nerve palsy. MRI revealed an infiltrative
mass in the pineal area, with a non-communicating
hydrocephalus (Figure 18a.4). The hydrocephalus
was relieved with a right-sided ventriculoperitoneal
shunt. CSF examination revealed no malignant cells.
Blood and CSF for AFP and �-HCG were negative.
A stereotactic biopsy of the lesion demonstrated
germinoma. His symptoms resolved after the
hydrocephalus was relieved.

The boy was treated according to the SIOP Germ
Cell Tumor Study (GCT ’96). He received
craniospinal radiotherapy 24 Gy in 15 fractions of
1.6 Gy, followed by a boost to the primary of a further
16 Gy in ten fractions, giving a total dose to the
primary area of 40 Gy. Four years after diagnosis he
remains well. MRI confirms continued complete
response (Figure 18a.5). He requires growth hormone
supplementation. He is doing well at school, and he
will soon be going to college to study a performing
arts course. He has slight problems with short-term
memory, but these do not affect his schoolwork. His
height is 167.5 cm, just below the fiftieth centile.

This case illustrates the pathological behavior of
intracranial germinoma with subependymal spread.
This has to be taken into account when planning
radiotherapy. The good prognosis following
radiotherapy alone is illustrated. Long-term effects
have been minimal, although so far the patient has
required growth hormone supplementation.

Figure 18a.4 Magnetic resonance scan, showing extensive
subependymal spread from pineal germinoma.



Teratoma

Teratomas in the CNS are seen mainly in neonates and
young infants, as is the case for sacrococcygeal teratoma.
Complete resection is the most important therapeutic
step. In immature teratomas, good results have been
reported in some individuals treated with adjuvant
chemotherapy.21 The value of additional irradiation is
described in a few case reports but has not been evalu-
ated systematically. It is known that for treatment of ter-
atomatous tumors from extracranial sites, a cumulative
irradiation dose of over 50 Gy seems to show some effec-
tiveness. Incompletely resected teratomas have a ten per
cent (mature teratoma) or 20 per cent (immature ter-
atoma) risk of relapse, irrespective of adjuvant chemo-
therapy.51 Half of the recurrent tumors may display YST
or embryonic carcinoma histology.

Side effects of chemotherapy

Pulmonary toxicity of bleomycin, which had also been
reported as a problem in combination with reduced kid-
ney function52 and potentiated by anesthesia,53 led to the
use of regimens without this drug. The highly efficient
combination of cisplatin, etoposide, and ifosfamide (PEI)
is associated with a higher degree of myelosuppression
and carries the risk of tubular nephropathy.54 In the pre-
liminary experience with this regimen, as used in the

SIOP CNS GCT ’96 protocol, we observed clinically appar-
ent hearing impairment in approximately 10 per cent of
patients. Although the auditory and renal toxicity of car-
boplatin regimen are less, carboplatin at effective doses
(600 mg/m2/cycle) bears a substantial myelotoxicity.55

Further attention should be drawn to the risk of therapy-
related secondary leukemia, which depends on treatment
intensity and modality, with an estimated cumulative
risk of 1.0 per cent (three of 442 patients, Kaplan–Meier
method at ten years’ follow-up) for children treated with
surgery and chemotherapy only and 4.2 per cent (three
of 174 patients) for children treated with combined
radio- and chemotherapy.56 In children treated with 
cisplatin-containing polychemotherapy (especially with
ifosfamide), the renal function has to be monitored care-
fully for tubular nephropathy. Prolonged phosphaturia
may lead to renal rickets, with consecutive growth retar-
dation, in children, while adolescents are at risk of renal
osteomalacia.54 These long-term sequelae can be avoided
by supplementation of phosphate.
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Figure 18a.5 Resolution following craniospinal radiotherapy
with a boost to the macroscopic tumor.

CASE STUDY 2

A nine-year old boy presented with a short history of
headaches, vomiting, and impaired vision. Magnetic
resonance scanning revealed a pineal area tumor and
hydrocephalus. The tumor was biopsied via a third
ventriculostomy. External ventricular drainage was
also performed. Serum AFP was elevated, at 327 kU/l.

Biopsy confirmed a mixed GCT, with
choriocarcinoma and yolk-sac differentiation.
Immunohistochemistry showed positive staining for
AFP and HCG and negative staining for PLAP,
synaptophysin, and GFAP.

Staging investigations showed no evidence of
supratentorial or spinal metastases.

The boy was treated according to the SIOP
secreting GCT protocol (GCT ’96). He received four
courses of chemotherapy with cisplatin 20 mg/m2

daily for five days, etoposide 100 mg/m2 daily for
three days, and ifosfamide 1500 mg/m2 for five days.
At diagnosis, he already had hypothyroidism and
diabetes insipidus and was treated with
desmopressin and thyroxine.

His serum AFP had returned to normal after two
courses of chemotherapy. Following a total of four
courses, he had underwent complete resection of
residual tumor. Histology of the resected specimen
revealed residual mature teratoma without any
evidence of yolk-sac or choriocarcinomatous
differentiation, which had been present in the initial
histology.



Side effects of radiotherapy

Alopecia as a long-term side effect of irradiation is
reported infrequently. Cognitive impairment occurs as a
lasting problem in some patients. Transient side effects
that are reported relate mainly to moderate myelosup-
pression, such as symptoms of anemia. Headaches as a
clinical symptom during radiotherapy are also reported.
In a few cases, seizures are described; however, these are
not necessarily related to irradiation, as they are seen
mainly in patients with massive endocrine disturbances,
such as diabetes insipidus.

Follow-up

A complete clinical remission is defined as normalization
of the tumor markers within the age-related normal range
and the absence of residual tumor on imaging, even in
patients with normalized tumor markers, as residual masses
on imaging may represent remaining mature teratoma.
If any of these criteria is not fulfilled, then a diagnostic re-
evaluation and, if necessary, a change or intensification of
treatment is indicated urgently. Most relapses occur within
the first two years after diagnosis. However, in some
patients, late recurrences up to five years after diagnosis of
intracranial germinoma have been observed. Therefore,
the initial follow-up examinations after completion of
chemotherapy must be performed at short intervals,
including frequent (i.e. 4 weekly) estimations of tumor
markers during early follow-up. In infants under two years
of age, the interpretation of AFP may be difficult due to
the physiologically elevated serum levels. In this context,
it has been proven helpful to compare the AFP decline in
neonates and infants.57 A retarded decline or a secondary

rise of the AFP levels strongly indicates the presence of
incomplete tumor resection or a recurrence of YST.

In addition, the follow-up examinations must include
repeated imaging of the primary tumor site. In the case of
residual structures after chemotherapy, resection of these
residues is indicated, since mature teratoma may have
remained, with the risk of tumor progression.58 Positron-
emission tomography (PET) examinations have not been
proven useful in this situation, as they cannot distinguish
between mature teratoma and residual necrosis or scars.59

In intracranial tumors, repeated endocrinologic exam-
inations at diagnosis and during follow-up are mandatory,
since tumors of the suprasellar region can be associated
with endocrinologic symptoms such as diabetes insipidus
or panhypopituitarism.

Relapse treatment

In patients with recurrent or refractory tumors and who
have been treated previously with a non-platinum or car-
boplatin therapy, cisplatin-based regimens (preferably PEI)
have been applied successfully.60,61 Therefore, cisplatin-
containing regimens are preferred in patients with relapsed
tumors, providing the organ toxicities related to the previ-
ous treatment allow further cisplatin therapy. Patients suf-
fering from severe cisplatin-related toxicity may be treated
with a combination of carboplatin and high-dose etopo-
side (400–600 mg/m2 on three days). In our experience,
high-dose chemotherapy with stem-cell support, as it has
been applied in adult patients,61 has resulted in long-term
remissions only in patients in whom a clinical complete
remission could be achieved before high-dose chemother-
apy. Therefore, high-dose chemotherapy can be regarded as
being indicated only for consolidation treatment.

In the experience of European trials of the past ten
years, more than 90 per cent of relapses occur at the 
primary site of the tumor; 30 per cent of these relapses
are combined with spinal relapses. Therefore, relapse
chemotherapy should be accompanied by intensive local
therapy, preferably complete resection of the recurrent
tumor after tumor reduction by preoperative chemother-
apy. The role of additional radiotherapy is not well
defined, but experience in publications of relapse treat-
ment in patients who received only chemotherapy has
reflected a benefit of irradiation for survival after recur-
rence. Therefore, the possibility of additional irradiation
in relapse patients should be considered.

Newly developed drugs, such as paclitaxel and gem-
citabine, have not yet been studied in children with relaps-
ing or refractory GCT.

As inadequate local tumor control at the primary site
represents the main problem in most patients, further
significant advances in relapsing GCT may be based on
further improvement of local therapy.
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Following this, he received radical radiotherapy
with a planned margin of 1 cm to the surgical
bed, giving a dose of 54 Gy in 30 fractions.

The boy continues on follow-up. One year and
eight months after diagnosis, he remains well but
has intermittent headaches. He remains on
growth hormone replacement therapy, thyroxine,
desmopressin, and hydrocortisone. The most
recent MRI of his brain shows no evidence of
recurrence of his pineal area tumor.

This case illustrates the importance of
obtaining serum and CSF for AFP and �-HCG in
patients with pineal area (and also for suprasellar
and parasellar) tumors. Current protocols are
based on intensive platinum-containing
combination chemotherapy, resection of residual
mass, and radical radiotherapy.



LONG-TERM SEQUELAE OF TREATMENT

Before discussing the late sequelae of treatment, including
surgery, it should be noted that tumor site and the related
problems of resection also have an important influence
on the appearance of short- and long-term sequelae.

Investigations in patients with GCTs have been
reported by Kiltie and coworkers, who examined retro-
spectively 25 patients treated before the age of 16, nine 
of whom had non-germinomatous CNS GCTs.62 All
patients had received craniospinal irradiation. Of the
long-term effects, endocrinologic impairment was most
apparent, with a requirement for lifelong hormone replace-
ment. Cranial nerve palsies and visual impairment were
described in some patients. Learning disabilities were
reported. Sutton and colleagues reported on quality of life
in 22 patients with germinoma after craniospinal irradia-
tion; the data showed a generally good quality-of-life rat-
ing.63 In addition, patients were normally proportioned for
height and weight. Patients showed educational achieve-
ments comparable to those of the normal population,
which may reflect the fact that patients with germinoma
are generally older than those with non-germinomatous
malignant GCTs at the time of diagnosis. In our series,
some patients had problems of obesity and growth, and
there was a high incidence of endocrine impairment and
frequent minor disabilities due to persistent central nerve
palsies. One may conclude that because of older age at the
time of diagnosis, patients with CNS GCTs do far better
with respect to long-term rehabilitation, education, and
employment prospects than patients with other malignant
pediatric brain tumors.

Preliminary evaluation in patients treated within the
SIOP CNS GCT protocol and who completed treatment
at least one year previously show that patients with pineal
tumors suffer mainly from visual impairment, central pare-
ses,and motor impairment.Cognitive disturbances are more
apparent compared to patients with suprasellar tumors.

In suprasellar tumors, endocrinologic problems such
as diabetes insipidus are frequently seen in the long term
due to the tumor location and tumor infiltration of the
hypophyseal-hypothalamic area.

The impact of treatment such as chemotherapy and irra-
diation is difficult to access. Comparison of patients with
germinoma treated either with craniospinal irradiation or
with a combination of chemotherapy and irradiation in the
SIOP study shows a slightly higher number of patients with
endocrinologic problems in the combined treated group.

FUTURE AIMS

The future aims for treatment of pure germinoma will be
to reduce treatment in good prognostic patients and to

optimize local tumor control by increasing the irradia-
tion volume to the ventricular area, which is the area of
risk of developing locoregional relapse. These stratifica-
tions will also enable the omission of spinal irradiation
in a high percentage of patients. Craniospinal irradiation
will be the standard procedure for all patients with
metastatic germinomas, since the available data have
proven this to be able to achieve a greater than 90 per cent
event-free survival, even in the presence of disseminated
disease.

With MNGGCTs, locoregional tumor control remains
the major problem, therefore complete staging and a
more detailed response evaluation to chemotherapy will
play a dominant role in the definition of risk groups. At
an early stage, treatment intensification, such as surgery,
high-dose chemotherapy, and more extensive radio-
therapy, have to be discussed.

FINAL CONSIDERATIONS

Multidisciplinary treatment is the main challenge for
patients with intracranial GCTs. Only such an approach
will enable the responsible physicians to guarantee the
best possible treatment, care, and support for the patient.
Such a team requires an experienced pediatric oncologist,
a neurosurgeon familiar with childhood brain tumors, a
neuroradiologist, a radiation oncologist with experience
in brain tumors, a pediatric neurologist, an endocrinolo-
gist, and a neuropathologist experienced in GCTs. Such 
a team is not always available, but it should be recom-
mended because of the rareness of the disease. It is also
appropriate to treat patients in larger centers with greater
experience in the management of children with brain
tumors. The SIOP Germ Cell Tumour Group has been
established to develop common diagnostic and treat-
ment guidelines and to establish national multidiscipli-
nary groups, who are responsible in the different countries
for promoting knowledge and cooperation in the manage-
ment of this rare disease.
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Chapter 18a summarizes the issues of clinical presentation;
radiologic, tumor marker, and pathologic diagnosis; and
the surgical, radiation therapeutic, and chemotherapeutic
aspects of management. The purpose of this commentary is
to highlight two issues that remain unresolved at this time.

DIAGNOSTIC AND PROGNOSTIC POWER OF
SERUM VERSUS CEREBROSPINAL FLUID
TUMOR MARKERS

Primary non-germinomatous germ cell tumors (GCTs)
secrete into the serum and/or cerebrospinal fluid (CSF)
alpha-fetoprotein (AFP) if they contain endodermal
sinus tumor (EST) elements or beta-human chorionic
gonadotrophin (�-HCG) if they contain choriocarcino-
matous elements. So goes the dogma. However, there are
several exceptions to these rules. First, embryonal carci-
noma elements (fortunately rare in the central nervous
system, CNS) may secrete – or not secrete – either or
both of these tumor markers. Second, as the authors of
Chapter 18a indicate, immature teratomatous elements
may – or may not – secrete either or both of these tumor
markers. This does not mean that within the immature
teratomas are hiding elements of EST or choriocarci-
noma. Adenocarcinoma or neuroectodermal cells within
an immature teratoma may stain pathologically for AFP
within these cellular elements.

The presence of “modest” elevations of �-HCG, as
indicated in Chapter 18a, is recognized in a proportion of
patients with otherwise pure CNS germinomas. These
elevations are considered reflective of �-HCG-secreting

syncytiotrophoblastic cells within the germinomas and
are not an indicator of the presence of choriocarcinoma-
tous elements. What is not resolved is whether the presence
of such �-HCG-secreting cells and “modest” elevations
of �-HCG in the serum and/or CSF of germinoma
patients are adverse prognostic factors. A Japanese group
has reported in the affirmative, but others have been
unable to substantiate this. Part of the problem is the lack
of determination of what constitute “modest” levels of
�-HCG in the serum and/or CSF. How high a serum or
CSF level of �-HCG is too high to be attributable to 
pure germinoma? Some studies accept a level below
50 iu/ml, but is this level true for both serum and CSF? 
I consider that significant elevations of CSF �-HCG may
be observed in pure germinoma patients, even beyond
100 iu/ml, and that this invariably reflects leptomeningeal
dissemination of tumor.

The lack of clarity in tumor marker elevation definition
may impact significantly upon the interpretation of out-
come in multicenter trials in which elevations of �-HCG
are considered to confer poor prognosis status in the
absence of pathological confirmation. This could likely
produce a study population drift, in which the outcome
for non-germinomatous GCT appears to be improved
through “contamination” with pure �-HCG-secreting
germinomas.

Although rare, adenocarcinomatous elements within
primary CNS GCTs are well recognized. Their presence is
associated with elevations of serum and/or CSF carci-
noembryonic antigen (CEA) levels. Thus, it has become
my practice to add this marker routinely in the diagnos-
tic work-up of patients suspected of harboring primary
CNS GCTs.
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Some authors have suggested that the ratio of serum
to CSF tumor markers is indicative of the presence or
absence of leptomeningeal disease, i.e. the higher the CSF
to serum ratio, the more likely the presence of lep-
tomeningeal dissemination of tumor. In this situation,
such patients might be at highest risk for leptomeningeal
relapse, especially if treated with some current or proposed
protocols attempting either to either avoid irradiation 
or to limit irradiation to local tumor sites. The prognostic
importance of CSF versus serum tumor marker eleva-
tions and their ratios merit formal prospective evalua-
tion in the multicenter trials currently under way.

Finally, what is the prognostic significance of the rate
of decline of these tumor markers, if present at diagnosis
in the serum and/or CSF, in response to treatment?
Intuitively, one would anticipate that a relatively slow
rate of disappearance would indicate a greater degree of
relapse, based upon published experience with testicular
GCTs. However, this again needs to be confirmed in the
current multicenter trials, thereby providing a rational
basis for therapy intensification in slow responders, be it
higher-dose irradiation or myeloablative chemotherapy
with stem-cell rescue, as used for slow-responding patients
with testicular non-seminomatous tumors.

RADIATION THERAPY IN THE MANAGEMENT
OF CENTRAL NERVOUS SYSTEM
GERMINOMAS

Radiation therapy has been and continues to be the back-
bone of treatment for primary CNS germinomas. As the
authors of Chapter 18a have indicated, the irradiation
volumes required (craniospinal versus periventricular
versus focal), as well as the doses required, remain the
subject of debate among radiation therapists. What is
crucial to recognize is that such questions are not simply
an intellectual exercise. The median age of patients with
primary CNS GCTs is approximately 13 years at diagno-
sis, thus the critical issue is the adverse impact of full-dose
irradiation upon intellectual functioning and quality of
life. As my own multicenter trials have demonstrated,1

children who receive irradiation for primary CNS GCTs
before the age of 13 years experience poorer quality of life
and neuropsychometric function than those who either
avoided irradiation or received irradiation in the teenage
years or beyond. Current studies combining irradiation
with chemotherapy seek to sustain the high cure rates
achieved with full-dose irradiation while at the same time

minimizing the late effects of irradiation by both dose
and volume reductions. It is essential that late effects of
irradiation are not replaced by irreversible chemotherapy-
associated toxicities. Furthermore, the problem of sec-
ondary, treatment-related malignancies must not be
overlooked. Radiation-induced malignant gliomas are
well recognized in children, especially in the first decade
of life, receiving brain irradiation for CNS GCT, other
primary brain tumors, or acute leukemia. However,
secondary leukemias due to chemotherapy (etoposide- or
alkylator-related) have also been reported in children
undergoing prolonged chemotherapy for CNS GCTs.

One major concern of current protocols designed to
limit irradiation volumes to focal fields in conjunction
with chemotherapy is that such patients would be at
increased risk for failure within the ventricular system.
Therefore, successful retrieval with radiation therapy
would be hampered significantly by the prior focally
administered irradiation. In our studies employing ini-
tial chemotherapy only, despite a high rate of relapse
(almost 60 per cent), most of those patients could be
cured successfully with irradiation alone or irradiation
with short-course chemotherapy because of the absence
of prior focal field irradiation to hamper the delivered
dose and volume. Thus, the eight-year overall survival for
patients in our first international study is not significantly
different for germinoma patients from that achieved with
irradiation – and with 40 per cent of patients avoiding
irradiation. Nevertheless, our inability to document a sig-
nificant adverse impact of irradiation upon those chil-
dren in our studies who ultimately required irradiation
beyond the age of 13 years old no longer supports the use
of chemotherapy-only strategies in these older children
with CNS germinomas. I anticipate that the outcome (in
terms of both survival and neuropsychological functioning)
of current and proposed studies employing reduced-dose
irradiation with relatively less intensive chemotherapy –
specifically that developed by the North American
Children’s Oncology Group (COG) – will ultimately
negate the role for further chemotherapy-only trials, even
in younger children with CNS germinomas.
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INTRODUCTION

It is unusual to have a chapter categorized by age at diag-
nosis rather than histology, stage, or biology. However, in
pediatric neuro-oncology, young children have been given
special consideration for the past three decades.1,2 This
chapter will focus on the epidemiology of brain tumors in
young children, the specific disease patterns that are seen
most frequently, and the therapeutic considerations of
balancing chances of cure against late effects of therapy.

EPIDEMIOLOGY

Based on epidemiological data from the available registries,
such as the Surveillance, Epidemiological, and End Results
(SEER) group in the USA, and population-based data from
the UK, approximately one-third of all central nervous
system (CNS) tumors occurring in children (age under
15 years) are diagnosed in children under three years of age
(Figure 19.1).3–5 This age has been chosen in order to dis-
tinguish a subgroup of patients that has peculiar features
in terms of disease behavior, prognosis, and the risk of
developing severe damage after irradiation due to incom-
plete brain development. The age of three years is not
accepted universally as an appropriate cut-off, and many
reports have used different age limits (under one year,
under two years, under five years) for various purposes

(epidemiological studies, analysis of treatments results,
protocols planning).2,6,7

Congenital tumors in infants (and perhaps those pre-
senting within the first six months of age) possibly include
a greater frequency of cases associated with genetic
abnormalities related to cancer development or predis-
position. Recent research has contributed information
on the molecular genetic defects underlying inherited
cancer syndromes.8,9 Some syndromes specifically increase
the risk of developing certain brain tumors, such as
desmoplastic medulloblastoma in Gorlin syndrome 
and medulloblastoma (primitive neuroectodermal tumor,
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PNET) or glioblastoma in Turcot syndrome.10–13 In other
syndromes, such as Li–Fraumeni, which is due to consti-
tutional inactivation of one copy of the p53 gene, patients
are predisposed to a wide variety of tumors, including
choroid plexus tumors in the very young.14,15

HISTOLOGICAL SUBTYPES OF TUMOR IN
YOUNG CHILDREN

The most common tumors encountered in this age
group are gliomas (mainly midline, low-grade gliomas),
PNETs, and ependymomas. Thirty per cent of cases of
PNET and ependymoma occur in children under three
years of age. A variant of PNET previously known as
“cerebellar neuroblastoma” has been recently renamed
“medulloblastoma with extensive nodularity”, and
described further as a new clinicopathological entity
showing peculiar “grape-like” magnetic resonance imag-
ing (MRI) features (Figure 19.2) and associated with
young age and better prognosis compared with undiffer-
entiated medulloblastoma.8,16

Several tumor types that are otherwise extremely 
rare are reported as occurring most commonly in the
youngest patients. These include atypical rhabdoid/tera-
toid tumor (AT/RT), ependymoblastoma, desmoplastic

infantile ganglioglioma, choroid plexus tumors, and
both mature and immature pure teratomas. Conversely,
common tumors of adult life, such as glioblastoma and
meningioma, are rare in young children.

Regarding biological behavior, it is not always obvious
whether, within the same histological type, youngest
children comprise a subgroup of cases carrying tumors
different in terms of response to treatment and histolog-
ical features. Molecular genetic studies should be encour-
aged further in order to define age cut-off in a more
objective and substantial way. The relative frequencies of
CNS tumors in childhood are shown in Figure 19.3 and
Table 19.1. These include data from the SEER registry
(Figure 19.3) and from a series of 94 cases enrolled
prospectively in the Italian cooperative study for children

360 Infant brain tumors

Table 19.1 Italian cooperative study of malignant
central nervous system tumors in children under three
years of age (recruitment 1995–1999)

Tumor* Cases (n) %

Medulloblastoma 36 38
PNET 11 12
AT/RT 15 17
Choroid plexus carcinoma 6 6
Ependymoma 20 21
Other (GBL, Uncl, AA) 6 6

Total 94 100

AA, anaplastic astrocytoma; AT/RT, atypical teratoid/
rhabdoid tumor; GBL, glioblastoma; PNET, primitive
neuroectodermal tumor; Uncl, unclear. *Histology reviewed
in �80 per cent of cases by at least two neuropathologists.

Figure 19.2 Brain magnetic resonance image of a two-
year-old girl with medulloblastoma with extensive nodularity.
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aged under three years and affected by malignant CNS
tumors diagnosed in the period 1995–2000 (Table 19.1).

MAIN FEATURES AND TREATMENT OF
RARE TUMORS SEEN PREDOMINANTLY
IN INFANTS

Infantile desmoplastic ganglioglioma

This tumor is histologically grade 1 in the World Health
Organization (WHO) classification. It typically occurs 
in the age range of 1–24 months, with a male/female ratio
of 1.7 to one. Infantile desmoplastic gangliogliomas
almost invariably involve the supratentorial region, with
extension to more than one lobe (frontal and parietal
most frequently). The appearance at MRI is quite typical,
with the presence of a large, often multicentric cyst and a
mural nodule attached to the dura.17,18 The neuronal com-
ponent inside the tumor can show aspects of immature
neuroepithelial cell aggregates suggestive of desmoplastic
neuroblastoma. Although worrying histologically, these
clinicopathological characteristics do not change the
favorable prognosis of this tumor, which rarely relapses
after complete removal.19 Surgical approach is then the
treatment of choice, although the subsequent functional
prognosis can be affected by surgical complications as well
as the original extension of the lesion and cortical atrophy
caused by tumor growth in fetal life or early childhood. In
a series published by Vandenberg, none of the 14 cases died
due to the disease, but the frequency of psychomotor delay
and permanent neurological deficits was high.20

Mature and immature pure teratomas

Pure teratomas (not containing any malignant com-
ponent) may occur in either the supratentorial or the
infratentorial compartment. They represent up to four
per cent of all brain tumors in infancy. The natural history
and prognostic factors of intracranial pure teratomas are
less well defined in the current literature than for extracra-
nial tumors.21,22 The extent of surgery remains the main
prognostic factor, even for teratomas with partial or com-
plete immature components, although complete excision
is clearly more challenging in the CNS than in extracranial
sites.23,24 Careful follow-up after complete surgical
removal is the recommended therapeutic strategy. Patients
with residual immature teratoma after surgery and those
who have residual disease following a relapse have been
treated with chemotherapy according to protocols used
for malignant germ-cell tumors. The efficacy is uncertain,
but some authors have reported good responses.24 Pure
mature or immature teratomas are very often congenital
tumors, presenting with giant intracranial masses causing

irreversible brain damage and impairing quality of life in
surviving patients even when radiotherapy or chemother-
apy is not used. Thus, despite the fact that prognosis is
good, with an overall survival of 80–90 per cent, long-term
results in terms of quality of life may be disappointing.

Choroid plexus tumors

Tumors of choroid plexus epithelium are rare, account-
ing for 0.5 per cent of all tumors in adults and children.
However, a reliable estimate of the real frequency of such
tumors is not known, with a range of incidences being
reported, from 0.5 to six per cent.25–28 The true incidence of
these tumors is likely to be higher than that quoted, since
these rare entities tend to be underdiagnosed.29 Almost
50 per cent of all cases occur in children under one year
of age. The lateral ventricles are the most commonly
involved sites. Neuropathologically, the WHO classifica-
tion distinguishes choroid plexus papilloma (CPP, a grade I
benign tumor) from choroid plexus carcinoma (CPC, a
grade III malignant tumor), but in practice, grading
tumors from small biopsies can be difficult.8

CPPs are composed of a simple or pseudostratified
layer of cuboid to columnar cells resting on a basement
membrane overlying papillary, vascularized, connective
tissue cords. Cytological atypia, occasional mitoses, and
rare foci of necrosis may be present. In CPC, there is clear
evidence of anaplasia, increased mitotic activity, and brain
invasion. Characteristically, these tumors may cause secret-
ing hydrocephalus. A transitional form from CPP to CPC
is increasingly recognized, known as atypical CPP, to
describe a tumor with an increased mitotic activity and
uncertain biological behavior compared with CPP. Few
cases of atypical CPP have been reported in the past in
older children; more recently, some authors have stressed
these intermediate forms and the possibility of evolution
from benign to malignant forms.30 In the experience of
the Italian cooperative group, the presence of atypical
CPP in very young children with a clinicopathological
pattern otherwise consistent with CPP is not associated
with a worse prognosis.

For CPP and atypical CPP, the treatment of choice is
surgical removal. Careful surveillance should follow in
the atypical form. Neurosurgical problems during and
following surgery are not uncommon due to the hydro-
dynamic imbalance, increased risk of bleeding due to
hypervascularization of these lesions, and risk of sub-
dural effusions.27,28,31

The natural history of CPC is not understood clearly,
as the small number of published series each include only
a few patients and have variable inclusion criteria. True
CPC is associated with an unfavorable prognosis (ten-
year overall survival rate of 25 per cent, from SEER data).
The pattern of invasiveness (local versus metastatic) 
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is controversial, as is the sensitivity of this tumor to
chemotherapy and radiotherapy. However, there does
seem to be evolving evidence that the use of preoperative
chemotherapy may reduce the vascularity of the tumors,
thereby decreasing the risks associated with attempted
surgical removal.32 Although the role of chemotherapy
and radiotherapy in increasing the cure rate of CPC is not
yet clarified sufficiently, long-term survivors are reported
in all series after chemotherapy alone and after combined
chemotherapy and radiotherapy. The most important
prognostic factor appears to be whether the patient has
had a total or a subtotal resection. An international coop-
erative study aiming to register a larger number of cases
and test the chemosensitivity of the tumor has been
approved recently by the Société International d’Oncologie
Pédiatrique (SIOP).

Low-grade astrocytomas in infants

Low-grade gliomas, including pilocytic astrocytoma,
represent a high proportion of brain tumors occurring 
in young children and are the second most frequently
identified histological group (21 per cent of cases in the
SEER series). Midline structures of the supratentorial
compartment are involved most frequently. A substantial
proportion (26 per cent in the SIOP Low Grade Study) of
hypothalamic and chiasmatic low-grade astrocytomas are
associated with neurofibromatosis type 1 (NF-1). Patients
without NF-1 tend to have a worse prognosis and present
with more extensive disease at diagnosis. In contrast to
older children, only ten per cent of astrocytomas in infants
arise in the cerebellum and only two per cent arise in the
brainstem.

Histological features of low-grade gliomas that are
useful prognostic tools may be different in infants com-
pared with older children. For example, the percentage 
of cells staining with MIB-1 (a guide to tumor activity) is
reported by neuropathologists to be higher in this age
group.8

The myxoid variant of pilocytic astrocytoma has been
described. This is characterized by a mucinous background
and general cellular elongation; it may also show an
increased number of mitoses and a lack of typical bipha-
sic architecture. The tumors occur predominantly in the
chiasmatic area in very young children and have been asso-
ciated with more aggressive behavior, with a greater risk
of a metastatic pattern at diagnosis, although some patients
have survived for years after diagnosis.33,34

Optimal treatment for infants with low-grade glioma
consists of “gentle” chemotherapy to delay or avoid 
irradiation (see Chapters 13a and 13b). It is uncertain
whether more aggressive treatment can change the natural
history in disseminated cases. Registration and prospec-
tive follow-up on an international basis, as proposed by

the Low Grade SIOP study, could help in better defining
these rare entities.

Ependymoblastoma

Ependymoblastoma is a rare embryonal brain tumor
characterized histologically by distinctive multilayered
rosettes. It manifests mainly in neonates and young chil-
dren.35,36 A real estimate of its incidence is lacking due to
the fact that this tumor was previously diagnosed as
anaplastic ependymoma or PNET. The preferred site of
involvement is the lateral ventricles, but other sites, such
as the posterior fossa, may be involved. Ependymo-
blastoma may arise from the neuroepithelial cells of the
periventricular areas. The lesions grow very rapidly, with
leptomeningeal dissemination and fatal outcome within
six months to one year.37,38 Because of the poor progno-
sis irrespective of staging (there is a bad outcome even in
cases with complete removal and absence of metastasis),
these cases should be treated aggressively up front, possi-
bly with high-dose chemotherapy.39 The rarity of this
tumor and its poor outcome make it a candidate for coop-
erative international studies aiming to gain insight into
the biology of the tumor and to define more effective
treatment.

Atypical teratoid/rhabdoid tumor

Rhabdoid tumor was first described in the kidney as a
sarcomatous variant of Wilms’ tumor, but characterized
by more aggressive behavior and poorer survival. In its
initial description, this tumor showed areas of large
round to polygonal cells, with eccentric nuclei and abun-
dant eosinophilic cytoplasm, which resembled rhabdo-
myoblasts. Currently, rhabdoid tumors have been observed
in almost every extrarenal site, including soft tissue, liver,
pancreas, urinary bladder, uterus, gastrointestinal tract,
retroperitoneum, mediastinum, orbit, skin, and the
CNS.40–44

In about 10–15 per cent of young infants, renal 
rhabdoid tumor has been reported in association with
malignant brain tumors. When the morphologic and
immunohistochemical features of the two tumors are
similar, the brain tumor is generally thought to represent
a metastasis from the renal rhabdoid tumor, although
synchronous or multifocal tumors cannot be excluded.
In other cases, the association between systemic rhabdoid
tumors and CNS malignancies with different histologic,
immunohistochemical, and cytogenetic patterns, such as
PNETs or gliomas of various types, has been noted.

The most frequent location outside of the kidney is the
CNS, including the parenchyma and the meninges. In this
site, rhabdoid tumors may be composed purely of rhab-
doid cells or may display a combination of characteristic
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rhabdoid cells and a population of neuroepithelial, mesen-
chymal, and epithelial cells similar to but not typical of
teratomas, as described by Rorke and colleagues,42 who
first termed this entity “atypical teratoid/rhabdoid tumor”
(AT/RT).

The AT/RT of the CNS has been well characterized as
a distinct clinicopathologic entity with an unusually poor
prognosis and with the highest incidence in the first two
years of life. It often arises in the posterior fossa (63–65
per cent). It has been misdiagnosed frequently as medul-
loblastoma, but its distinctive histological, immunohis-
tochemical, and cytogenetic features permit an accurate
diagnosis in most cases.44,45

The origin of this tumor is still open to speculation,
and a variety of theories relative to the nature of the rhab-
doid cell have been expressed. Different authors have
postulated that it is of mesenchymal, neuroectodermal,
histiocytic, neuroectomesenchymal, and meningeal line-
age.8 Combined cytogenetic, fluorescence in situ hybridiza-
tion, and molecular genetic studies have demonstrated
the presence of cytogenetic abnormalities, such as mono-
somy and deletion of chromosome 22, in some cases of
CNS AT/RT as well as in renal and extrarenal rhabdoid
tumors.46 More recently, a gene within chromosome
band 22q11, the hSNF5/INI1 gene, has been identified as
a candidate tumor-suppressor gene in the development
of rhabdoid tumors of the kidney and soft tissue as well
as of the CNS.47,48 AT/RTs tend to have an intra-axial 
and extra-axial pattern of growth, confirming the possi-
ble mesodermal histogenesis.49 The tumors tend to be
multifocal, especially in congenital cases. A typical neu-
roimaging is shown in Figure 19.4.

AT/RT of the CNS is usually a fatal disease. Compared
with medulloblastoma/PNET, it responds poorly to
chemotherapy and radiotherapy. Rapid progression and
frequent CNS dissemination have been reported. More
recently, combined therapeutic regimens, including high-
dose chemotherapy, have been used. It is uncertain whether
these regimens are capable of prolonging survival and
changing the natural history and aggressive behavior of
this tumor.50–52 Clearly, it is important to differentiate
this entity from PNET, as different therapies need to be
investigated. An international registry of cases has been
proposed in order to pool experience of this rare and
aggressive disease; pertinent data from this and other
registries are presented in Table 19.2.

Malignant gliomas in infants

High-grade astrocytomas, i.e. anaplastic astrocytomas
and glioblastomas, represent 11 per cent of tumors in the
SEER series in young children and 12 per cent of the
tumors in the Infant Study of the Pediatric Oncology
Group (POG). The first Baby POG study treated 18 cases,

while the Children’s Cancer Study Group (CCSG) included
39 cases in their protocol for children aged under two
years and treated with the “8-in-1” schema. In both stud-
ies, irradiation was delayed.53,54 Both studies showed a
better progression-free survival in anaplastic astrocy-
toma versus glioblastoma and a favorable impact of the
extent of surgical resection. The results and response to
chemotherapy of those patients that remained under fol-
low-up are reported in Table 19.3.

Overall, despite the fact that these tumors tend to
behave unfavorably, especially in children under one year
of age, long-tem survival and response to chemotherapy
are reported more often than in older children. A mech-
anism of differentiation and maturation of the tumor
induced by chemotherapy is reported to be possible.
A genetic difference between younger and older children
has been hypothesized, younger children having less 
frequent chromosomal aberrations and TP53 muta-
tions.55–57 In several cases of supratentorial tumors of
very young children (under one year old) for whom a
diagnosis of malignant glioma can be considered in the
differential diagnosis, the histopathological diagnosis is
not always easy. In a few cases it is not possible to fit the
tumor in any known histopathological entity; in this
case, it may be defined as “malignant primitive neuro-
epithelial tumor not otherwise classifiable.”58
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Figure 19.4 Atypical teratoid/rhabdoid tumor four months
after diagnosis, with multiple sites of involvement.



HISTORICALLY POOR OUTCOME FOR
INFANTS WITH CENTRAL NERVOUS 
SYSTEM TUMORS

Younger children with tumors of the CNS do not fare as
well as older children. Data from the SEER studies

(Figures 19.5 and 19.6) show that children under four
years of age at diagnosis in the 1980s had a poorer survival
than children in the age range above four years. In the first
SIOP trial for medulloblastoma, the progression-free
survival for children under two years of age was 38 per cent,
compared with 58 per cent for older children.59 There are
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Table 19.2 Clinical features and survival of 160 reported cases with primary central nervous system atypical teratoid/rhabdoid tumor

Burger et al.44 Rorke et al.43 Other Italian cooperative All reported
Parameter (%) (%) reports41,42,45,51 (%) study52 (%) cases (%)

Patients (n) 55 52 38 15 160

Age
Range 2–60 months NB–14.9 years NB–18 years 6 days–28 months NB–18 years
Median 17 months 16.5 months 24 months 10 months 18 months
Distribution 	3 years 50 (91) 40 (77) 24 (63) 15 (100) 129 (81)
Distribution �3 years 5 (9) 12 (23) 14 (37)

Sex
Male 34 (62) ND 21 (55) 7 (47) 62/108 (57)
Female 21 (38) ND 17 (45) 8 (53) 46/108 (43)
Sex ratio 1.6:1 3:2 1.2:1 0.9:1 1.3:1

Site
Posterior fossa 36 (65) 33 (63) 15 (39) 9 (60) 93 (58)

Cerebellum ND 29 (56) 11 (29) 3 (20) 43/105 (41)
Cerebellopontine angle ND 4 (7) 3 (8) 6 (40) 13/105 (12)
Brainstem ND 1 (3) 1/105 (1)

Hemisphere 8 (15) 10 (19) 19 (50) 4 (27) 40 (25)
Suprasellar/III/V 4 (7) 1 (2) 1 (3) 1 (7) 7 (4)
Pineal 3 (5) 3 (6) 2 (5) 1 (7) 9 (6)
Spinal 1 (2) 1 (1)
Multifocal 2 (4) 4 (8) 3 (20) 10 (6)
Unknown 2 (4) 1 (3) 2 (1)

Treatment
Surgery ND 52 38 14** 104/105

Total/subtotal resection ND 16 (31) 21 (55) 4 (29) 41 (39)
Biopsy/partial resection ND 36 (69) 15 (39) 10 (71) 61 (59)
ND 2 (5) 2 (2)

Chemotherapy ND 39 (75) 25 (66) 11/15 (73) 75 (71)
Radiotherapy ND 10 (19) 28 (74) 0 38 (36)
Chemo/radiotherapy* ND 6 (11) 20 (53) 2/15 (13) 28 (27)
Only surgery ND 9 (17) 5 (13) 4/14 (29) 18 (17)

DOD 41 (75) 43 (83) 31 (82) 12 (80) 127 (79)
Survival (range) ND ND 1 week–26 months 2–58 months 1 week–58 months
Survival 11 � 13 months 6 months 6 months 8 months 7 months
(mean or median)

DOD, died of disease; NB, newborn; ND, not done.
*Radiation therapy following or preceding chemotherapy. **One patient with multifocal disease did not undergo surgery on primary SNC mass.

Table 19.3 Outcome for studies of chemotherapy for infants with high-grade gliomas

% response to Type of Progression-free % overall 
Study Ref. Cases (n) chemotherapy treatment survival (3 years) survival (5 years)

POG1 2, 54 18 59 CTX/VCR CDDP/VP16 43 50**
CCG 53 39 24 “8 in 1” 44*

CCG, Children’s Cancer Group; CDDP, cisplatin; CTX, cytoxan (cyclophosphamide); POG, Pediatric Oncology Group; VCR, vincristine; VP16, etoposide.
*In anaplastic astrocytomas, glioblastoma progression-free survival � 0. **Four cases without radiotherapy due to parental refusal.



three potential reasons why the outcome for young chil-
dren may be different: the diseases could be different, the
same histological disease may behave differently in the
young, and therapy may be different. To some extent, all
three reasons apply. Earlier in this chapter, we showed
that high-risk tumors such as AT/RT and choroid plexus
tumors occur at a higher frequency in this age group.

There is evidence from studies of medulloblastoma/
PNET that younger children present with a higher inci-
dence of metastatic disease.60 Although this could be
related to delayed diagnosis in preverbal children who
cannot inform their parents about their symptoms, there
is evidence that the diseases are more aggressive in the
young; certainly, the median time to recurrence in young
children with PNET is shorter than that in older children.

Historically, the surgical and anesthetic challenges of
operating on very small children resulted in fewer children
undergoing complete surgical resections of their tumors.
Advances in technology and techniques now allow more

aggressive neurosurgery to be performed. However, as the
late effects associated with radiotherapy in young children
became recognized, parents and medical staff were no
longer prepared to offer radiotherapy, and this was either
omitted or given at a reduced dose or to reduced fields.

LATE EFFECTS OF RADIOTHERAPY

The late sequelae of craniospinal radiotherapy in young
children are profound (see Chapter 24). Endocrinopathies
and reduction of linear growth due to direct effect of spinal
irradiation can affect adult height, but by far the most
significant late effects are the neuropsychological problems
that result from early radiotherapy. Jannoun and Bloom
reported the results of IQ tests in children who received
radiotherapy before the age of three years: of the 18
patients, 14 had an IQ of less than 90 and seven had an
IQ of less than 70.61 Similar results have been reported by
other authors (Tables 19.4 and 19.5).62–64 It appears that
there is a dose relationship, with higher doses leading to
more severe neuropsychological dysfunction.65 Worse still
is the fact that IQ appears to deteriorate with time, as
shown in a cohort of patients treated with craniospinal
irradiation for relapsed medulloblastoma: the patients’ IQ
scores continued to deteriorate at around four IQ points
per year, and no plateau was reached at a median of almost
five years of follow-up.66

IQ is probably a poor predictor of intellectual out-
come. Indeed, Radcliffe and colleagues reported that 50
per cent of children who had no change in measured 
IQ post-craniospinal radiotherapy required extra school
help.67 Kiltie and colleagues described the late sequelae of
35 children who received craniospinal radiotherapy
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Table 19.4 Change in awareness of late effects of treating
central nervous system tumors

Ref.

82 70–75% live an active, useful life
83 45% educationally subnormal; most have some problems
62 50% IQ � 90, but educable; infants affected more 

severely

Table 19.5 Effects of radiation on IQ in infants under three
years of age

Ref. Patients (n) IQ � 90 IQ � 70

62 9 7 7
63 7 7 4
64 5 3 3
61 18 14 7

Total 39 31 (79%) 21 (54%)

Age (years)
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Figure 19.5 Percentage distribution, by age, of all types of
central nervous system tumors.
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(CSRT) at a median age of 24 months: of 16 patients for
whom there were adequate data, 15 required extra school
help; only two of nine eligible for employment obtained
work, and only one maintained this.68

Clearly, CSRT in young children is toxic, and many
doctors and parents are not prepared to offer this poten-
tially curative modality of therapy to children under
three years of age.

BABY BRAIN STUDIES

Recognition of the severe adverse effects of radiotherapy
prompted strategies that sought to delay the age at which
radiotherapy was administered to allow further maturation
of the brain before irradiation. The first of these studies was
reported by Baram and colleagues, in which nine infants
with medulloblastoma were treated with surgery and
chemotherapy consisting of methylchlorethamine, vin-
cristine, procarbazine, and prednisone (MOPP).69 The
original report showed that seven of the nine infants were
alive, four of whom were more than a year off therapy.
These results have never been bettered for a group of
incompletely staged patients.

This report spawned a group of larger studies, all
characterized by similar approaches and aims.2,70–79 In
most of these studies, all children with malignant tumors
of the CNS were eligible and were treated with a regimen
of multiagent chemotherapy. The chemotherapy combi-
nations differed from study to study, and there were little
or no phase II data for efficacy for each component of the
regimens, let alone for the combination. The regimens
were not particularly dose-intensive and were designed to
be given over a period of at least one year. The aim of
these studies was to delay radiotherapy until the end of the
chemotherapy regimen, although some studies76 aimed to
withhold radiotherapy from patients who remained in
complete remission at the end of the chemotherapy.

The biggest of these studies was reported by Duffner
and colleagues on behalf of the POG.2 This involved 132
children under 24 months of age at diagnosis and 66
children aged 24–36 months at diagnosis. The children
were treated with two 28-day cycles of cyclophosphamide
and vincristine followed by one 28-day cycle of cisplatin
and etoposide. The sequence of three cycles was repeated
for two years in patients under 24 months of age and for
one year in children aged between 24 and 36 months, or
until the disease progressed. The results were interesting in
that the progression-free survival was 41 per cent at one
year for children aged 24–36 months at diagnosis and 39
per cent at two years for those under 24 months of age at
diagnosis. Not surprisingly, different histologies had 
different outcomes, with embryonal tumors doing badly.
Complete resection conferred a survival benefit for the
group as a whole. Preliminary analysis of neurocognitive

outcome in survivors showed no change from pre-
chemotherapy levels. Further follow-up showed that the
survival curves were not stable, and in many histologies
later relapses continued to occur.54

It appeared that different chemotherapy regimens led
to different results. For example, a regimen using eight
drugs in one day reported by the Children’s Cancer Group
(CCG) had poorer results for embryonal tumors than
the POG study noted above.72 The survival for infants
with PNETs in the study reported by Lashford and col-
leagues was particularly poor, with the majority of the
recurrences occurring within a year of diagnosis when the
children were still very young and susceptible to the worst
effects of neuraxis radiotherapy.76 Early results from the
German study of infants with medulloblastoma show that
for young children with no evidence of residual disease 
or metastases, survival rates in excess of 70 per cent can be
achieved using a regimen of intravenous chemotherapy
that did not differ substantially from that used in the study
reported by Lashford and colleagues76 but with the addition
of intrathecal methotrexate.75

Of the children who had recurrences, some were offered
CSRT, which resulted in cure for a variable percentage
but at considerable cost in terms of neuropsychological
sequelae.66 Others were offered combinations of further
chemotherapy, surgery, local radiotherapy, and high-dose
chemotherapy.72 The high-dose chemotherapy approaches
showed some success in medulloblastoma/PNET but
were disappointing in ependymoma and brain-stem
glioma.80

CURRENT APPROACHES

Doctors and parents remain unwilling to treat very young
children with neuraxis radiotherapy, even if the omission
of irradiation compromises the chance of cure. The age
at which radiotherapy is considered “acceptable” varies,
with some groups using the age of five or six years39,72,81

but others use the age of three years. It is clear that the
use of a single protocol of therapy is not optimal for all
histologies of tumor, and specific strategies are being
developed for individual tumor types. Further risk strat-
ification within a given histological subtype (e.g. presence
or absence of metastases or residual disease) has led to a
large number of patient groups, each with tiny numbers
of patients eligible for the therapy under study. Even
national or international studies will not be able to accrue
sufficient numbers of patients in these restricted groups
to end up with statistically valid comparisons of therapies,
and so a number of single-arm studies are under way 
at national or institutional level. The use of high-dose
chemotherapy is continuing to be explored in some stud-
ies,80 but its role in cure seems to be limited to consoli-
dating patients who have obtained complete remission by
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other means. The majority of these small studies have not,
as yet, been reported, and it is hoped that successful strate-
gies for individual disease groups will emerge, which can
then be tested in the context of international studies.

SUMMARY

Young children with brain tumors present a particular
challenge. The spectrum of diseases they suffer from dif-
fers from that seen in older children, and it may be that
diseases that occur in older children have a more aggres-
sive course in the very young. The sensitivity of the devel-
oping brain to insults, particularly to radiotherapy,
results in profound neuropsychological consequences.
Strategies that attempt to delay or avoid radiotherapy
have been only partially successful and leave parents and
their advisors facing difficult balances between chances
of survival and quality of life. The plethora of different
tumor subtypes makes large trials of therapy with homo-
geneous patient populations impossible to run, and pro-
gress is dependent on smaller, single-arm studies.
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Editorial comment

The separation of long-term neuropsychological
effects of therapy from those due to the direct or
indirect effects of tumor remains problematic. The
aim of delaying or possibly avoiding radiotherapy in
the late 1980s and early 1990s led to a lumping
together of infants with varying diagnosis into
generic infant studies using the same chemother-
apeutic approach. In some cases this approach was
relatively successful (e.g. ependymoma), but in other
cases it was detrimental (e.g. medulloblastoma/
PNET). It has now become clear that infants should
be treated with strategies related to their individual
tumor type, but with relevant modifications
according to their age. The use in certain
circumstances of highly conformal radiotherapy
(e.g. posterior fossa ependymoma) may, in some
cases, obviate the need for wholesale avoidance or
delay of radiotherapy. Collaborative groups are also
discussing whether there is a “safe” dose of CSRT
that can achieve reasonable disease control with
acceptable, if not absent, sequelae. The scenario
whereby survival is compromised in order to try to
avoid radiotherapy may lead to ethical dilemmas
that are impossible to resolve because of a lack of
data on the relative impact of treatment 
and tumor-related parameters on long-term
neuropsychological outcome. It is important to
ensure that all future infant studies incorporate
assessment of long-term functional outcome.
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INTRODUCTION

Craniopharyngiomas are rare epithelial tumors of malde-
velopmental origin. They account for approximately
6–13 per cent of all intracranial tumors in childhood, but
they represent the commonest tumors to involve the
hypothalamo-pituitary region. Although benign by histo-
logical criteria, they often follow a more malignant course
in terms of both local disease progression and their associ-
ated morbidity.

The “modern” surgical management of craniopharyn-
gioma is usually dated to Matson’s observation that it 
was possible at surgery to identify a gliotic “capsule” that
capped the tumor and, therefore, to remove the tumor
completely without endangering the hypothalamus.1 Early
enthusiasm for attempts at curative surgery was tempered,
however, by the difficulties often encountered in achieving
this aim and by the resultant patient morbidity, particularly
in relation to severe hypothalamic injury. Recognition 
of this morbidity by some but not all neurosurgeons
prompted other treatment modalities to be explored – in
particular, adjuvant radiotherapy following partial tumor
resection. Advocates of primary aggressive surgical man-
agement have continued to argue that radiotherapy is
difficult to justify as treatment for a histologically benign
tumor with its unpredictable side effects, delayed toxicity,
and doubtful efficacy. Consequently, one of the longest-
standing controversies has arisen as to the place of radio-
therapy in the treatment of craniopharyngioma and the
optimal management approach in childhood.

The two extremes of management (radical surgery ver-
sus conservative surgery, e.g. cyst aspiration alone followed
by radiotherapy) are best exemplified by the series pre-
sented by Yasargil and colleagues, who describe the results
of treating 70 children by radical surgery,2 and by Brada
and colleagues, who describe their experience of treating
77 children aged between three and 16 years and referred
for radiotherapy following only limited surgery.3 Results
from these studies are summarized later in this chapter.

More recently, the trend – particularly among neurosur-
geons (to whom patients are usually referred initially) –
has shifted again towards more radical surgery, using
approaches that reflect advances in surgical technology,
with the advent not only of the operating microscope but
also of instrumentation designed to allow the removal of
tumor bulk with as little interference to the surrounding
(normal) tissues as possible. Thus, many neurosurgeons
continue to advocate complete tumor excision as the gold
standard and primary goal of treatment in every case,
regardless of the age of the patient, tumor size, consistency
(solid or cystic), and location. Whilst some surgeons have
reported successful total surgical resection of tumors in
77–90 per cent of their patients, with apparent minimal
mortality and diminished morbidity, others have contin-
ued to experience great difficulties, with complete tumor
excision achieved in only 32–58 per cent of patients in
studies including surgeons whose aim of surgery was
attempted total tumor removal in all cases.4

It was against the background of a poor surgical out-
come in four children who had presented to one particular
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unit as acute emergencies with large craniopharyngiomas
that a series of in-depth studies were initiated in order to
determine whether it was possible to predict the outcome
following radical – usually attempted curative – surgery.
The first findings to emerge from this study (which
included the four children mentioned) made it possible
to quantify the connection between hypothalamic damage
(as demonstrated on magnetic resonance scanning) and
clinical evidence of hypothalamic dysfunction, in this case
obesity as measured by the body mass index (BMI). The
analysis of three-dimensional, volume-acquisition mag-
netic resonance scans reconstructed in the sagittal plane
confirmed that the greater the degree of hypothalamic
damage, the greater the child’s BMI – more than five times
as great in those children with the most damage.5

The second part of the study looked at prognosis with
regard to both morbidity and tumor recurrence.6 For the
former, a morbidity score, which incorporated a variety
of neurological, psychological, ophthalmological, and
endocrinological measures, was devised. These were set
against details of the child’s presentation and surgery
(including any peroperative complications) and the results
of imaging.

Of a total of 75 children studied, 29 of whom were
under five years of age at diagnosis, there were 
no perioperative deaths, but nine patients subsequently 
died from their tumor or related sequelae at a median of
5.9 years (range 0.3–15.4 years) after initial surgery. Follow-
up clinical and neuroimaging assessments were under-
taken in the 66 survivors at a mean of seven years from
initial surgery.

Predictors of poorer outcome (high morbidity) at
study assessment included the grade of hydrocephalus,
the occurrence of any peroperative complications and
young age (	 5 years) at presentation. The presence of
symptoms and signs of hypothalamic dysfunction at the
time of diagnosis had a significant effect on the immedi-
ate postoperative morbidity score as well as being a pre-
dictive factor for longer-term hypothalamic injury, along
with greater height of the tumor in the midline and
attempts to remove adherent tumor from the region of
the hypothalamus at operation.

From these data, we can conclude that younger chil-
dren presenting as emergencies (usually with hydro-
cephalus and thus with larger tumors) are likely to have a
poorer outcome following an attempt at a complete
removal (which was the initial treatment policy in 58 of
the patients – operated on transcranially – described
above).

The study also demonstrated the relative risks of tumor
recurrence and showed that they could be correlated with
young age (	 5 years) at presentation and tumor size (as
measured by the number of intracranial compartments
involved by the tumor) whereas complete tumor excision
(as determined by postoperative neuroimaging) and

external fractionated radiotherapy given electively after
subtotal excision were significantly less likely to be asso-
ciated with recurrent disease.6,7

From this experience, we can be reasonably sure of
three things: (i) radical surgery, while being capable of
providing long-term tumor control, can in certain (and
predictable) cases be responsible for an unacceptable
degree of hypothalamic damage; (ii) external beam frac-
tionated radiotherapy may also provide long-term
tumor control and largely predictable risk of late toxicity,
particularly in children aged �4 years; and (iii) younger
children fare worse than older children.

INCIDENCE

Overall, craniopharyngiomas constitute between 1.2 and
four per cent of all brain tumors (adults and children).
Peak age incidence is five to ten years, with a relatively
constant percentage occurring throughout each decade
of life, although there may be a second peak in the fifth to
sixth decades.8 A recent study from the USA suggested an
incidence (for adults and children) of 0.13 per 100 000
patient years, an incidence which does not vary by gen-
der or race.9 The same authors calculated that 96 child-
hood cases (aged 15 years or under) might be expected
out of the total number of 338 craniopharyngiomas pre-
dicted for the USA each year. Published articles on the
subject are unusual if they contain more than 70 cases,
and these are likely to have been accumulated over many
years. Of the 75–80 pediatric intracranial tumors
referred to Great Ormond Street Hospital for Children,
London, each year for primary treatment (as opposed to
recurrent tumors and referrals for second opinions),
only three to five are likely to be craniopharyngiomas.

NEUROPATHOLOGY

Craniopharyngiomas are benign tumors (malignant trans-
formation is extremely rare) that probably arise from rem-
nants of Rathke’s pouch, although an alternative origin
from the adenohypophysis has been suggested.10 They
consist of squamous epithelium lining cystic cavities, and
solid components that contain calcium and the keratin
products of squamous cell activity. Although entirely cystic
or entirely solid types are seen, most tumors have a mixture
of the two components. From a histological point of view,
craniopharyngiomas are sometimes subclassified as being
of an adamantinomatous (more prone to calcium forma-
tion and the most common childhood form) or squamous
papillary (less prone to calcium production) type. For a
discussion of the possible effects of these variations on
the surgical prognosis (and opposing views), see the articles
by Adamson and colleagues11 and Weiner and colleagues.12



372 Craniopharyngioma

The tumor’s point of origin can be either the pituitary
stalk or the tuber cinereum (the floor of the third ventricle).
Each point of origin allows the tumor to expand in a differ-
ent way and thus influences the morbidity (in terms of
hypothalamic damage) associated with radical attempts
at removal. Tumors that arise from the pituitary stalk typi-
cally extend downwards into the pituitary fossa itself (or
else expand upwards from it), that part of the tumor imme-
diately above the fossa possessing as a pseudo-capsule the
attenuated dura of the sellar diaphragm. Tumors arising

from the tuber cinereum are more likely to extend upwards
through the hypothalamus and into the third ventricle,
where they may cause hydrocephalus. Despite their midline
origin, craniopharyngiomas can expand not only upwards
but also laterally into one or both middle fossae, sub-
frontally, and even backwards and downwards into the
posterior fossa. Occasional tumors invade the skull base.
Figures 20.1–20.4 illustrate some of these variations.

Their relationship to the chiasm has always been of par-
ticular concern to neurosurgeons because of the influence
this has on the operative approach used.A pre-fixed chiasm

Figure 20.1 Small craniopharyngioma arising just above the
pituitary fossa.

Figure 20.2 Large, partly solid but predominantly cystic
craniopharyngioma, associated with hydrocephalus.

(a)

(b)

Figure 20.3a,b Sagittal (a) and coronal (b) magnetic resonance
scans of a large, solid craniopharyngioma.
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leaves little space for surgical manipulation between it
and the tuberculum sellae that lies immediately in front.
A post-fixed chiasm has a convenient gap between the
two structures through which a surgeon, using a tra-
ditional subfrontal approach, can remove some or all of
the tumor.

Of equal importance is the degree of involvement of
the hypothalamus. Although these tumors are, by histo-
logical criteria, benign, they may still project finger-like
processes into the adjacent hypothalamus (Figure 20.5).
At one time, it was believed that this invaded tissue adjacent
to the tumor was reactive in nature and formed no part
of the functioning hypothalamus. However, as the studies
referred to above have demonstrated, radical surgery for
tumors involving the hypothalamus is associated with an
unacceptable morbidity and such “invasion” should be
taken as an indication that a tumor is not amenable to a
surgical cure regardless of the histological nature of the
tissue involved.

DIAGNOSIS

Presenting symptoms and signs

Craniopharyngiomas are usually slow-growing, extra-axial
tumors that produce symptoms by compression of adja-
cent neural structures, including visual pathways, hypo-
thalamus, pituitary gland and stalk, cerebral cortex, major
blood vessels, and rostral brainstem. In children, multiple
symptomatology is often present by the time of diagnosis,
although the commonest presenting complaints are those
relating to raised intracranial pressure secondary to third
ventricular compression and obstructive hydrocephalus
(Table 20.1).

Neurosurgical studies show that while symptoms of
visual disturbance are common at presentation, the
reported incidence of reduced visual acuity and visual field
loss in children, both preoperatively and at long-term

Figure 20.4 Large, predominantly cystic craniopharyngioma
involving the skull base.

Figure 20.5 Finger-like projection of craniopharyngioma tissue
has invaded the adjacent hypothalamus (hematoxylin and eosin).

Table 20.1 Presenting features attributable to neurological,
ophthalmic, and hypothalamo-pituitary dysfunction in
75 children treated for craniopharyngioma at Great Ormond
Street Hospital for Children, London, from 1973 to 1994

Presenting features Patients (n, %)

Neurological
Headaches 49 (65)
Vomiting 37 (49)
Somnolence 15 (20)
Developmental regression/delay 14 (19)
Unsteadiness 13 (17)
Decreased consciousness 12 (16)
Seizures 10 (13)
Hemiparesis 6 (8)
Total number with symptoms 62 (83)

Ophthalmic
Gradual reduction in visual acuity 24 (32)
Acute reduction in visual acuity 11 (15)
Squint 13 (17)
Cranial nerve palsies 11 (15)
Documented field defects 33 (44)
Blindness 10 (13)
Optic atrophy 30 (40)
Papilloedema 24 (32)
Total number with symptoms 42 (56)

Hypothalamo-pituitary
Growth failure/short stature 25 (33)
Anorexia/poor weight gain 23 (31)
Increased thirst/polyuria 21 (28)
Weight gain 11 (15)
Temperature intolerance 4 (5)
Frequent infections with lethargy 4 (5)
Delayed puberty 4 (5)
Precocious puberty 0 (0)
Total number with symptoms 53 (71)



follow-up, is very variable.13,14 Thus, findings of impaired
acuity range from 37–81 per cent of cases at presentation
to 30–84 per cent at long-term follow-up, and visual field
defects range from 22–68 per cent of cases at presentation
to 33–68 per cent at long-term follow-up.4

Both the duration and degree of preoperative visual
deficits have been shown to be significant factors influenc-
ing long-term visual outcome.15 More recently, visual
deterioration, papilledema, and hemianopia as presenting
symptoms and signs have been shown to be significant
factors associated with a poor overall outcome.16 Prompt
diagnosis is therefore essential but often difficult in chil-
dren, as they are frequently inattentive to visual loss, as
highlighted by the ten children in our series who were
essentially blind at the time of referral, half of whom were
aged six years or over at presentation. Symptoms of visual
disturbance were present in 56 per cent of children at diag-
nosis, and 87 per cent of patients had ocular signs on pre-
operative ophthalmological examination (Table 20.1).

Ocular signs and symptoms may be misleading in chil-
dren. Eight of 13 patients presenting with squints in our
study had received treatment previously for an “idio-
pathic” concomitant strabismus, poor visual acuity being
attributed to amblyopia. All had significant optic pathway
involvement by tumor at diagnosis, with associated acuity
and fundal abnormalities. Furthermore, the presence of
significant optic atrophy – reflecting chronic compression
of visual pathways – in all these cases at follow-up sug-
gested that none of the squints was idiopathic. The
marked biological heterogeneity of childhood cranio-
pharyngiomas, with some tumors demonstrating long qui-
escent periods before renewed growth, supports this mode
of presentation further.

Although symptoms related to hypothalamo-pituitary
dysfunction are uncommon as the presenting complaint
in children (21 of 75 patients followed up at Great Ormond
Street Hospital), the majority (71 per cent) had symptoms
to suggest an endocrinopathy at diagnosis (Table 20.1).
A third of children presented with growth failure preceding
the diagnosis by a mean of 2.9 years (range 0.5–5.0 years).
The available data for preoperative endocrine status in
children suggest that hypothalamo-pituitary dysfunction
is present in 80–90 per cent of subjects, while growth
hormone insufficiency occurs in approximately 75 per cent
of patients tested. The prevalence of other pituitary hor-
mone deficits before surgery has been summarized from
the literature as 40 per cent for gonadotrophin insuffi-
ciency, 25 per cent for thyroid-stimulating hormone (TSH)
and adrenocorticotropic hormone (ACTH) insufficiency,
9–17 per cent for antidiuretic hormone (ADH) insuf-
ficiency, and 20 per cent for a raised serum prolactin,
although numbers reported are small. Higher figures for
ADH insufficiency (34 per cent) have been reported, inclu-
sive of those patients with concomitant ACTH insuffi-
ciency and in whom symptoms of diabetes insipidus were

masked completely or incompletely until the start of gluco-
corticoid replacement.

Hypothalamic symptoms at presentation are reported
variably in the literature. In the Great Ormond Street
Hospital series, 23 per cent of patients had evidence of
hypothalamic dysfunction, with a history of weight gain
for up to 3.5 years before diagnosis, extreme weight loss,
or disturbances of behavior or memory as the predomi-
nant hypothalamic symptoms. In all of these patients,
tumor was shown to extend into the hypothalamus on
preoperative neuroimaging.

PREOPERATIVE ASSESSMENT

This is best divided into neuroimaging (discussed in the
previous section) and endocrinological, ophthalmologi-
cal, and cognitive assessment.

Endocrinological assessment

Due to the high prevalence of preoperative endo-
crinopathies, as discussed above, children should be 
covered perioperatively for the possibility of cortisol
deficiency. In addition, they should be assessed for dia-
betes insipidus, hypothyroidism, and hyperprolactine-
mia on early-morning basal biochemistry, as outlined
below. Most patients receive glucocorticoid cover as high-
dose perioperative oral or intravenous dexamethasone
(which may cause hyperglycemia in patients with a posi-
tive family history of type 2 diabetes); as the dose is
reduced, hydrocortisone should be substituted and main-
tained in replacement doses until a full endocrine assess-
ment has been performed approximately six to eight
weeks after surgery and/or radiotherapy.

Ophthalmological assessment

In view of the high incidence of ophthalmological symp-
toms at presentation, and the risk to vision posed by surgery
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Preoperative endocrine investigations

• Auxology: height, weight, pubertal staging,
calculation of surface area.

• Biochemistry: 0800 hours – paired plasma and
urine electrolytes, glucose and osmolalities,
serum cortisol, prolactin, free tri-iodothyronine
(FT3), free tetra-iodothyronine (FT4), TSH,
calcium, albumen. Luteinizing hormone (LH),
follicle-stimulating hormone (FSH),
testosterone/estradiol if aged nine years or older.

• X-ray: left hand/wrist for bone age.
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(and radiotherapy), it is essential that all patients have a
full assessment of their vision recorded before initiation of
all but the most urgent treatment. This should include:

• visual acuity;

• visual field assessment;

• fundoscopy;

• visual electrophysiology, if available.

Psychological assessment

Because cognitive and behavioral problems can occur both
before and after treatment, all children should, if time per-
mits, have a psychometric assessment carried out before
intervention.

DIFFERENTIAL DIAGNOSIS

There are three tumor types arising in the suprasellar
region in children that need to be differentiated from a
craniopharyngioma: pilocytic astrocytoma of the
optic chiasm/hypothalamus, suprasellar germinoma,
and Rathke’s pouch cyst.

Pilocytic astrocytomas of the optic chiasm/hypothalamus
occur more commonly than craniopharyngiomas. About a
third are associated with neurofibromatosis type 1 (NF-1)
(see Chapters 13a and 13b). Although they may contain
cystic elements, these are not usually so prominent as in
craniopharyngiomas. They tend to extend posteriorly along
the optic tracts, a reflection of their origin intrinsic to the
central nervous system (CNS). It is very unusual for these
tumors to present with endocrine abnormalities. From a
radiological point of view, it is their lack of any calcification
that finally differentiates them from craniopharyngioma.

Suprasellar germinomas are more rare than cranio-
pharyngiomas. They often present, like craniopharyngio-
mas, with diabetes insipidus (see Chapter 18a). However,
like astrocytomas in this region, they do not contain calcium.

Rathke’s pouch cysts – embryological cousins of cranio-
pharyngiomas – are seen only rarely in childhood. They
usually consist of both cystic and solid elements, they con-
tain calcium, and they may present with many of the clini-
cal features of craniopharyngioma. Differentiating the two
preoperatively may, therefore, be difficult, but as the initial
surgical management is likely to be the same for both,
this does not pose a major clinical problem.

MANAGEMENT STRATEGY

General observations

The involvement of the hypothalamus is the reason why,
before discussing management in terms of the therapeutic

modalities employed (surgery and radiotherapy) it is
appropriate to describe the clinical state of a child who has
suffered hypothalamic damage (usually in addition to
being rendered panhypopituitary as a result of treatment
of a craniopharyngioma).7 At the mildest end of the
spectrum is so-called hypothalamic obesity, a condition
observed so frequently after radical surgery that the parents
of a child for whom such an operation is proposed should
be warned specifically of its possibility. Obesity can occur
with little or no evidence of other cognitive or behavioral
problems; however, with increasing hypothalamic damage,
there are worsening learning difficulties associated with
defective short-term memory and limited concentration
span. The child’s behavior can also be affected severely.
Hand in hand with the obesity is a desire to “feed,” which
may have the child stealing and fighting for food until
everything edible in the home has to be locked away.
Stealing of anything else that will supply an instant feeling
of gratification can also occur. There is also a reversal of
the normal circadian sleep patterns, which can leave the
child awake for most of the night (and on the rampage
for food) while during the day he or she can barely be
roused.17 Also, hypothalamic damage can destroy the
child’s sense of thirst, an essential sensation if the treatment
of diabetes insipidus (which, if not present preoperatively,
is almost inevitable following radical surgery) with desmo-
pressin (nasal or oral) is to be successful. The combination
of diabetes insipidus and lack of any sensation of thirst
leaves the child with no idea of when they need to drink,
and they therefore swing violently between states of over-
and underhydration.

The net result of these disabilities can be a child, per-
haps with seriously defective vision, whose personality has
been changed completely by the combined effects of their
tumor and its surgery, who is incapable of normal school-
ing, whose behavioral problems can have a severe effect
upon the family unit, and whose life expectancy is short-
ened because of their vulnerability to hypothalamically-
mediated metabolic crises.

The ultimate goals of treatment are therefore to decom-
press the visual apparatus and prevent further tumor
growth while at the same time preserving not only hypo-
thalamic function but also, if possible, pituitary function,
i.e. to leave the child as normal as possible, physically,
ophthalmologically, hormonally, and behaviorally.

Surgery

SURVIVAL AND TUMOR CONTROL

Summarizing the data from the literature:4

• A review of survival data corrected for number of
patients at the beginning of each of the studies
showed 81 per cent five-year and 69 per cent
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ten-year actuarial survival rates for all age groups
following complete tumor excision.

• Similarly corrected five-year and ten-year survival
data following incomplete surgical excision alone
were 53 and 37 per cent, respectively.

• Corrected data for treatment with incomplete
surgical excision plus radiotherapy showed
89 per cent five-year and 77 per cent ten-year
actuarial survival rates, respectively.

• Reported incidences of tumor recurrence after
apparent total tumor removal vary from zero to
50 per cent, with an overall tumor recurrence rate
of 21 per cent. These data are derived from
16 studies that incorporate some of the more recent
neurosurgical series. With improved neuroimaging
techniques and by defining complete tumor
excision by imaging criteria, this recurrence risk
may be reduced to 5–11 per cent.

• Subtotal/partial tumor excision will be effective in
the relief of immediate symptoms but is inadequate
as curative management, as reported recurrence
rates vary from 50 to 100 per cent, with an overall
tumor recurrence rate of 67 per cent at a follow-up
of 1–30 years. In the majority of cases, tumor
progression will occur within five years from initial
surgery.

• In the Great Ormond Street Hospital series, the
five- and ten-year recurrence-free survival rates for
patients with complete tumor excision, as defined
on postoperative neuroimaging, were 89 and
78 per cent, respectively, compared with 32 and
28 per cent for patients with incomplete tumor
excision.

NEUROSURGICAL CONSIDERATIONS

The aims of any operation can be to make the diagnosis
(provide tissue for histopathological examination), to
relieve symptoms, to provide a cure, and to aid other (not
primarily surgical) treatments by reducing tumor load.

Surgery is not usually necessary solely to make the diag-
nosis of craniopharyngioma, which is usually obvious from
the neuroimaging investigations. Relief of chiasmatic com-
pression and raised intracranial pressure due to hydro-
cephalus may, however, be required urgently. Operative
intervention is highly unlikely to reverse any endocrine
problems present when the patient is first seen. Cura-
tive surgery is certainly possible in selected cases but, as
has already been stated, at a not insignificant cost in
terms of long-term morbidity due to hypothalamic dam-
age in some children.

In this brief review of surgical management, it is not
possible to do more than make some general observations
to illustrate the complexity of the decision-making process.
For the sake of simplicity, the operations that may need

to be considered can be divided into those aimed at reliev-
ing hydrocephalus and those aimed at the tumor itself.
The latter can in turn be divided into those aimed at cyst
drainage and instillations and those designed to remove
tumor bulk (solid tumor and/or cyst wall).

Hydrocephalus
The conventional treatment for hydrocephalus is the inser-
tion of a ventriculoperitoneal shunt (or, in an emergency,
an external ventricular drain). However, as the third ven-
tricular obstruction responsible for hydrocephalus in
children with craniopharyngioma is often due to the
upward expansion of a cystic component of the tumor
(see Figure 20.2), it is sometimes possible to both decom-
press the cyst (and with it the chiasm) and relieve the
hydrocephalus by aspirating the contents of the cyst, either
stereotactically or endoscopically. This can save the patient
the long-term problems associated with dependency
upon a cerebrospinal fluid (CSF) shunt system (blockage,
overdrainage, etc).

Direct tumor surgery
It is difficult to think of a particular operative approach
that might not be required at some time for the most
appropriate surgical management of a craniopharyn-
gioma. A subfrontal/pterional approach is probably the
most often used, although this author’s (RDH) prefer-
ence is for the bifrontal interhemispheric approach that
recognizes the midline origin of the tumor regardless of
whatever cranial compartments it may have expanded
into.

Other approaches that are sometimes required and that
should be mentioned are the trans-sphenoidal approach
(particularly useful in the older child with a pneumatized
sphenoid sinus and capable of allowing a complete removal
of smaller tumors), a variety of skull-base procedures
(aimed at optimizing the surgeon’s angle of attack to the
tumor), the transcallosal approach, and even – rarely – an
approach through the posterior fossa.

For the attempted transcranial removal of a large tumor,
it can sometimes be helpful to employ more than one
approach, either at the same operation or at electively
staged procedures. Staged surgical procedures, none of
which is intended to achieve complete tumor removal,
may also make it possible to buy time either until a child
is old enough to be treated with external fractionated
radiotherapy or (and this is conjecture), if radiotherapy
has already been given, until a radical operation that aims
for a complete removal may have a less destructive effect
upon the hypothalamus.

Even a solid tumor that extends from the sella to the
third ventricle can be dealt with in stages; if the lower part
of the tumor is removed first, then subsequent magnetic
resonance imaging (MRI) may reveal descent of the upper
portion of the tumor into a more accessible position.
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Surgery for cyst drainage and/or instillation
In addition to its use in an emergency situation (see
above), cyst drainage may be used as the only surgical
procedure for a patient in whom the decision has been
made to relieve, say, optic chiasm compression and then
treat the residual tumor (solid and cystic components)
with radiotherapy. However, even in this situation it is
advisable to leave a catheter (connected to a subcutaneous
reservoir) within the cyst so that further aspirations 
can be carried out as necessary and also to allow direct
instillations (see below under radiotherapy) to be made
into the cyst in order to prevent further fluid accumula-
tion. A variety of image-guidance techniques are now
available to aid the optimal placement of the catheter
within the cyst.18

It should be pointed out, however, that these instillation
forms of treatment (which may spare both hypothalamic
and pituitary function) will result in a cure only if the
tumor is entirely cystic, a type that is not only compara-
tively rare but also is most likely to be cured (with an
acceptably low hypothalamic morbidity) by radical sur-
gery. Any solid component (being beyond the range of
yttrium, 32P, or bleomycin) will not be treated and will
therefore still need to be dealt with by either surgery or
external radiotherapy, assuming that radiotherapy has not
already been given, if the patient is not to be deemed
incurable.

Radiotherapy

OVERVIEW

Historically, it was the often poor outcome, particularly in
children, following attempts at total surgical excision that
prompted other treatment modalities to be explored.
Carpenter and colleagues, in 1937, reported the long-term
survival of four patients following the use of radiotherapy
with less extensive surgery (tumor cyst aspiration).19 In
1961, Kramer and colleagues, using more refined irradia-
tion techniques following minimal surgery, reported that
nine of their ten patients, including six children, were alive
and well at follow-up more than six years after completion
of treatment.20 Thereafter, many reports appeared dis-
cussing the efficacy of radiotherapy for craniopharyn-
gioma, including direct evidence that radiotherapy
destroyed tumor cells with reports of complete necrosis of
residual tumor within the irradiation field at postmortem.

SURVIVAL, TUMOR CONTROL, AND MORBIDITY

Summarizing the data from the literature:4

• Comparison of patients undergoing a putative total
resection with those receiving radiotherapy after
subtotal resection has shown similar outcomes in

terms of survival. Older studies suggest marginally
worse survival following complete resection
compared to conservative surgery and radiotherapy.21

However, most surgical studies report the outcome
in patients where complete excision was achieved.
The more appropriate comparative information
should include all patients where radical excision was
attempted, i.e., analyzing the results by treatment
intent.

• Protracted follow-up data of 19 children treated
16–36 years previously (median follow-up 21 years)
with combined surgery and external beam
irradiation have shown an overall 20-year survival
of 62 per cent.22 When adjusted for disease status at
the time of radiotherapy, the 20-year survival for
those treated for primary disease was 78 per cent
versus 25 per cent for those treated for recurrence.

• The largest series of 173 patients (77 children)
treated with limited surgery and radiotherapy at the
Royal Marsden Hospital reported ten- and 20-year
progression-free survivals of 83 and 79 per cent,
respectively, both overall and for children.
Furthermore, these patients underwent a spectrum
of surgical procedures, ranging from no surgery
directed at tumor eradication to attempted radical
tumor excision23.

• The lack of demonstrable difference in
progression-free survival according to extent of
initial surgery suggested that radiotherapy was
effective in controlling the progression of
microscopic as well as macroscopic residual disease.

• In the Great Ormond Street Hospital series,
actuarial ten-year recurrence-free survival after
radiotherapy, including treatment given for
recurrent disease, was 72 per cent at a median
follow-up of 7.6 years (Figure 20.6). Nine patients
developed tumor recurrences despite undergoing
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Figure 20.6 Actuarial recurrence-free survival curve for
36 patients after conventional (external fractionated)
radiotherapy, including treatment given for recurrent disease.
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radiation therapy; however, the “recurrences”
(defined as evidence of tumor growth on
neuroimaging with or without clinical symptoms)
appeared either during treatment or within six
months of irradiation in six cases, after which the
tumor “stabilized” in five cases. This phenomenon
has been reported by Brada and colleagues24 as being
due to tumor cyst enlargement, not representative
of true tumor progression but an acute complication
of radiotherapy, although the exact mechanism is
unclear.

• Potential sequelae to radiation include optic
neuropathy, hypothalamo-pituitary endocrine failure
and radiation necrosis of surrounding brain causing
neurological deficit. Hypothalamic damage from
standard external beam irradiation alone has not
been reported in the context of craniopharyngiomas.
Following external beam radiotherapy with modern
localized techniques to doses �50 Gy at �2 Gy per
fraction, the incidence of radiation optic neuropathy
is 1–2 per cent and the risk of necrosis less than 1 per
cent. The incidence of radiation-induced
hypothalamic-pituitary axis deficiency is poorly
documented as the majority of children are
hypopituitary prior to irradiation.25 The estimate of
new deficiency developing following irradiation is
20–30 per cent risk at ten years. High dose radiation
to large volumes of normal brain in children less
than four years of age is associated with cognitive
impairment. The magnitude of long-term cognitive
deficit following small volume irradiation to the
sellar and suprasellar region has not been documented,
and the additional impact of radiation to the effects
of the tumor and surgery is not known.26

• Long-term sequelae of irradiation of benign sellar
and parasellar tumors include the development of
second brain tumors. By analogy with pituitary
adenoma data the actuarial risk of second brain
tumor is 2 per cent at 20 years; these consist of
malignant gliomas and meningiomas.27

Meningiomas may occur decades after radiotherapy.
Potential impact of radiation on the risk of late
cerebrovascular accident is not fully defined.28,29

• An overview by Brada and Thomas (1993) suggested
that of 100 hypothetical patients treated with more
conservative surgery and radiotherapy, 1–2 patients
might die in the perioperative period; 17 cases 
would have subsequent tumor recurrence requiring
salvage therapy (with present radiotherapy
techniques and optimal dose regimens, recurrence
risk may be reduced to 16 per cent). Overall, up to 
7 per cent of patients might suffer long-term
morbidity of surgery and radiotherapy, inclusive of
second brain tumor, which would develop in one
patient in 10 years.

• Fractionated irradiation can be given with higher
precision using modern image guidance and
stereotactic localization with improved fixation using
relocatable devices and conformal treatment delivery.
The resultant technique of fractionated stereotactic
conformal radiotherapy (SCRT) leads to smaller
volumes of normal brain receiving significant
radiation doses. It is hoped that SCRT will further
reduce the incidence of late sequelae, but proof is
currently not available.

OTHER TREATMENT MODALITIES

Stereotactic techniques in the management of cranio-
pharyngioma have been utilized increasingly in an attempt
to achieve the dual goals of tumor control and enhanced
quality of survival. These have included stereotactic
radiosurgery for small solid tumors, stereotactic confor-
mal radiotherapy, and intracavitary administration of
radiocolloid or bleomycin through stereotactic position-
ing of an intracystic catheter.

Intracavitary irradiation
Intracavitary irradiation using either 90Yttrium  or
32Phosphate  has been advocated as a definitive proce-
dure for solitary cystic craniopharyngiomas, initially by
Backlund at the Karolinska Hospital in Stockholm. The
32P colloidal suspension coats the inside of the cyst wall
and the short-range of �-irradiation from 90Yttrium and
Phosphate suggest only localized irradiation. From a sur-
gical point of view, this does not induce adhesions or
scarring in the vicinity of the cyst and therefore, does not
preclude later attempts at microsurgical dissection, should
this become necessary.

The Pittsburgh group reported cyst regression in 28 of
32 patients (88 per cent) following intracystic chromic
phosphate (32P). However, 10 patients subsequently
showed tumor progression and three died. While improve-
ment in vision was reported in 19 of 30 patients (63 per
cent), 11 (37 per cent) had deterioration.30 Similar results
were reported in 31 patients treated with Yttrium where
over half had deterioration in vision.31 In a UK report of
6 patients treated with Yttrium two patients died following
therapy.32

Voges et al. reported 62 patients treated with intracys-
tic colloidal chromic phosphate.33 Three patients (5 per
cent) had complete loss of vision and the survival rates
were poor with 55 per cent 5 year and 45 per cent 10 year
survival. While cyst response rate was reported as 80
per cent this was clearly an inappropriate surrogate end-
point of tumor control. On present evidence, intracystic
instillation of radioisotope is not the appropriate primary
therapy and should be reserved for patients with persistent
symptomatic lesions following surgery and radiotherapy
which keep re-accumulating despite repeat aspiration.
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Stereotactic radiosurgery
Stereotactic radiosurgery is a highly accurate and precise
technique which utilizes stereotactically directed conver-
gent beams of ionizing radiation to treat small  spherical
volumes of tissue with a single dose. This technique is
only applicable for small lesions (preferably less than
2 cm in greatest diameter) 0.5 cm or more away from the
optic chiasm and other critical structures (brainstem,
retina, motor cortex, cranial nerves), as ablation of nor-
mal and abnormal tissue will occur within the treatment
volume with potentially devastating consequences. The
tolerance of the optic nerve appears to be between 8 and
10 Gy in previously untreated patients and lower in those
patients who have undergone prior fractionated external
beam radiotherapy. Therefore, although precise in the
administration of large single fractions, complications
associated with larger volumes and certain locations
limit the use of radiosurgery in the primary management
of patients with craniopharyngioma.

Stereotactic radiotherapy
Stereotactic radiotherapy (SCRT as above) combines
stereotactic localization and precise stereotactic head
frame and support system for accurate relocation and
conformal 3D planning and treatment delivery with
fractionation, thereby providing focal and precise dose
delivery to larger lesions with significantly reduced dose
to adjacent non-target volume structures.

OUTCOME

Overview

The question of quality of survival following aggressive
surgical treatment is very difficult to ascertain from the
literature, particularly in relation to hypothalamic, neu-
ropsychological, and psychosocial functioning. The occur-
rence of surgical morbidity is correlated strongly with
extent of surgery. An overview of published surgical
reports from 1966 to 1992 has indicated an average
12 per cent (range 2–43 per cent) risk of operative mor-
tality and 30 per cent (range 12–61 per cent) incidence
of severe morbidity. This includes 40 per cent (range
30–57 per cent) incidence of disabling hypothalamic
damage and 19 per cent (range 10–35 per cent) risk of
postoperative visual impairment. The largest single-center
experience of 144 patients (70 children) using microsurgi-
cal techniques reported 17 per cent overall operative mor-
tality, related to initial tumor size and whether primary or
secondary microsurgery was being performed, 16 per cent
significant morbidity, and 67 per cent “good” results.2

However, 62 per cent of patients (62 per cent of children)
had impairment of visual acuity at follow-up and
79 per cent (88 per cent of children) required permanent

hormone substitution therapy, with a further comment
that intractable obesity (see below) continued to afflict
some of the patients despite appropriate endocrine
replacement therapy. Additionally, surgical mortality (at
operation) included hypothalamic hemorrhage. Ten early
and 11 late postoperative deaths included endocrinological
causes, again suggesting significant hypothalamic injury.

Endocrine and hypothalamic morbidity

The majority of patients with craniopharyngiomas have
multiple endocrine deficits regardless of the type of treat-
ment employed, and reversal of previously abnormal
endocrine function has not been observed with any treat-
ment modality, with the rare exception of selected patients
with cystic craniopharyngiomas treated with intracavitary
radioisotope therapy alone. Much more contentious an
issue is the irreversible hypothalamic morbidity that is asso-
ciated closely with aggressive attempts at surgical excision of
craniopharyngioma, as described earlier in this chapter.

ANTERIOR PITUITARY FUNCTION

Hypothalamo-pituitary dysfunction has been shown to
be frequent at presentation and before any treatment.
Following aggressive surgical resection of craniopharyn-
giomas, combined anterior and posterior pituitary 
dysfunction are almost universal, and as many as three-
quarters of patients will have developed deficiencies of
four or more hormones postoperatively. Apart from the
rare finding of precocious puberty after craniopharyn-
gioma surgery, the occurrence of spontaneous onset and
progression through normal puberty is extremely uncom-
mon in patients presenting prepubertally; therefore, appro-
priate and timely institution of growth hormone and
exogenous sex steroids is particularly important in order
to mimic normal pubertal development and to optimize
final height prognosis.

Hypoadrenal crises in association with intercurrent
illness are potential contributors to morbidity and mortal-
ity following craniopharyngioma surgery. The importance
of repeated instruction to increase steroid replacement
doses at times of illness, and warning adolescents about
the potent hypoglycemic effects of alcohol, should be
emphasized.

Posterior pituitary function

The incidence of permanent diabetes insipidus has shown
a consistently closer correlation with extent of surgical
resection; Sanford and colleagues reported a six per cent
incidence of diabetes insipidus following limited surgery
(�25 per cent tumor resection) and irradiation as 
compared with an incidence of 70–93 per cent in series
pursuing a more radical surgical policy34.
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The combination of anterior (cortisol) and posterior
(diabetes insipidus) pituitary deficiencies is potentially
dangerous in both the acute situation and the longer term.
Insufficient hydrocortisone cover in an emergency may
aggravate dilutional hyponatremia caused by continuing
desmopressin and an inability to excrete water.

The metabolic consequences of concomitant ADH
insufficiency and absent thirst associated with severe, irre-
versible hypothalamic injury as a complication exclusive
to radical surgery contribute significantly to the disabling
hypothalamic damage found in up to 57 per cent of cases
in various reported series and thus to overall morbidity
and mortality. Despite appropriate management of patients
with a fixed daily fluid intake and small, regular (two or
three times daily) doses of desmopressin, maintenance of
fluid and osmotic balance often remains precarious, as
reflected by protracted hospital stays after surgery and high
subsequent mortality.

HYPOTHALAMIC OBESITY

Excessive weight gain is one of the most distressing mani-
festations of hypothalamic injury and has been reported
in up to 60 per cent of children following radical surgery
for craniopharyngioma. In a minority of cases, extreme
hyperphagia and obesity characterized by a total preoccu-
pation with food and uncontrollable food-seeking behav-
ior dominate the clinical course. Attempts at therapeutic
intervention or behavior modification are usually unsuc-
cessful, and the long-term outcome for control of weight
is poor. Both hypothalamic infiltration by tumor and
attempted surgical resection of craniopharyngioma from
the basal diencephalon result in varying degrees of damage,
which can be quantified using MRI. Severe postoperative
obesity, as measured by BMI, occurs predominantly in
patients who have significant, bilateral disruption of the
normal hypothalamic anatomy, with either complete defi-
ciency or extensive destruction of the floor of the third
ventricle (Figure 20.7). Therefore, determination of the
extent of hypothalamic injury on imaging may prove a
useful discriminator of those children at greatest risk of
problems with postoperative obesity. At a biochemical
level, a rapid increase in serum leptin levels with respect
to BMI has been observed in some patients following
craniopharyngioma surgery, suggesting disruption of the
feedback mechanism from hypothalamic leptin receptors
to adipose tissue and a failure in the downregulation of
appetite. Therefore, early postoperative serum leptin levels
may additionally help to identify patients at risk of exces-
sive weight gain following hypothalamic injury.

Visual outcome

Visual impairment remains one of the most significant
sequelae preventing normal social reintegration of many

children after craniopharyngioma surgery. In the series of
75 children followed up at Great Ormond Street Hospital
for Children, 15 per cent of all patients were blind, 69 per
cent had reduced visual acuity, and 68 per cent had visual
field deficits (liable to considerable fluctuation over time)
at a mean of seven years from initial surgery. Those
patients with normal vision preoperatively rarely showed a
deterioration in acuity at follow-up; 73 per cent of patients
retained a visual acuity after treatment within two lines of
their Snellen acuity (or equivalent) at presentation.
Despite apparent damage to the anterior visual pathways
in 81 per cent of cases on MRI, visual acuity was preserved
(6/6 bilaterally) in 31 per cent of patients at follow-up.
However, only 19 per cent of patients had both normal
visual acuity and visual fields at follow-up assessment.

Our data showed that permanent damage to optic path-
ways by tumor was greater than that inflicted by treatment,
although there was a propensity to cause further injury at
surgery when the nerves and chiasm were already com-
promised. In a proportion of these cases, further visual
compromise was accounted for by tumor recurrence.
Comparison of results in other series becomes very diffi-
cult, as there are few definitions of what constitutes a pro-
gressive visual deficit and even fewer studies reporting on
the visual sequelae after tumor recurrence.

In summary, visual status at presentation predomi-
nantly influences long-term visual outcome. Early detec-
tion of visual loss and prompt referral are therefore of
paramount importance for prognosis. Despite almost all
craniopharyngiomas impinging upon anterior visual path-
ways by the time of presentation, and the majority of
patients showing evidence of structural injury to the optic

Figure 20.7 Midline sagittal magnetic resonance image of the
brain following radical surgical excision of craniopharyngioma
(preoperative image shown in Figure 20.2), showing extensive
destruction of the hypothalamo-pituitary region, which has
been replaced by an expansive cerebrospinal fluid-filled void.
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nerves and chiasm on neuroimaging at follow-up, visual
acuity may be well preserved, although most patients will
have some degree of permanent visual dysfunction.

Neurological outcome

In terms of neurological sequelae, very few studies have
detailed clinical and neuroimaging findings following
treatment for childhood craniopharyngioma. In the Great
Ormond Street Hospital series, almost 60 per cent of all
patients (excluding patients with possible compressive
injury by residual tumor or assessment of hypothalamic
damage) had evidence of cerebral damage distant from
the hypothalamo-pituitary region on cranial imaging at
follow-up; in 23 per cent of cases, this was bilateral.4 Right
frontal lobe damage was present in 41 per cent of cases
(Figure 20.8a); in 11 patients, damage to both frontal lobes
had occurred as a consequence of surgery with or without
radiotherapy. Radical tumor surgery by subfrontal expo-
sure has been shown previously to be associated with sig-
nificant frontal lobe dysfunction at follow-up.35 However,
the anatomical basis for this was not considered to be due
entirely to operative trauma to the frontal lobe but also
to concomitant hypothalamic injury. Our findings, there-
fore, suggest that direct cerebral hemisphere damage may
be more significant than hypothesized previously.

Clinical examination of our patients confirmed abnor-
malities of motor function in 61 per cent of surviving
patients (pyramidal signs predominating) and severe bilat-
eral limb motor deficits occurred in 15 per cent. Seizures
occurred in over half the patients at some time during
the course of illness and remained an ongoing problem
in a quarter at follow-up. Nine per cent of patients had
seizures secondary to hypoglycemia in association with
intercurrent infection, and nine per cent of patients had
late-onset epilepsy (onset more than five years from sur-
gery) of frontal lobe origin.

Neurological deficit before surgery contributed to
postoperative morbidity in many of our patients, as did
vessel injury incurred during attempts at tumor removal
(Figure 20.8b). Dense adhesion of the tumor wall to adja-
cent neural and vascular structures is a major determinant
of intraoperative complications,21 and even the most fer-
vent advocates of radical surgery agree that dissection
should be curtailed if tumor is attached firmly to the inter-
nal carotid or posterior communicating arteries. Duff and
colleagues have reaffirmed that tumor adhesiveness to sur-
rounding neurovascular structures, as defined by observa-
tion of the operating surgeon, was a risk factor both for
poor outcome and for tumor recurrence.16

In summary, both neurological impairment at diagnosis
and the occurrence of intraoperative complications
increase the likelihood of neurological sequelae in the post-
operative period. Morbidity may also be increased by

(a)

(b)

Figure 20.8a,b Axial (T2-weighted) magnetic resonance
images, showing (a) right frontal lobe damage with secondary
dilatation of the anterior horn of the right lateral ventricle
following surgical resection of a craniopharyngioma and (b)
more extensive right hemispheric infarction in a central carotid
distribution following intraoperative arterial hemorrhage.
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tumor recurrence, further surgery, adrenal crises with sec-
ondary hypoglycemia, and irradiation. Seizures are uncom-
mon at presentation but are a frequent occurrence at some
time during treatment and may persist in up to a quarter of
patients at follow-up. Late-onset epilepsy, usually second-
ary to frontal lobe damage, may contribute further to long-
term morbidity. Although transcranial operation usually
involves a unilateral approach on the side of the non-
dominant hemisphere, a significant proportion of children
have bilateral neurological damage at long-term follow-up.

Neuropsychological outcome

Previous studies have recognized the increased risk of cog-
nitive deficits and psychosocial dysfunction among sur-
vivors of childhood craniopharyngioma,36–38 but few have
addressed systematically the neuropsychological sequelae
of this tumor and its treatment. The potential causes for
neuropsychological morbidity are multifactorial; they
include frontal lobe dysfunction, hypothalamic injury,
multiple pituitary hormone deficiencies, epilepsy, and cra-
nial irradiation, as well as the inevitable changes that occur
in parental and peer relationships when a child is identified
as having a serious, perhaps life-threatening disease.

In the series of children followed up at Great Ormond
Street Hospital, assessment of intelligence and memory
(excluding 18 per cent of survivors unable to attempt 
or complete psychometric testing because of the degree
of intellectual and/or behavioral dysfunction) demon-
strated a significant reduction of verbal, performance, and
full-scale IQ, as well as global impairment of immediate
and delayed verbal and non-verbal memory relative to
the normal population. Subtest scores identified parti-
cular problems with attention, concentration, perceptual
organization, and new verbal learning ability.39 Patients
with severe hypothalamic damage on brain MRI had sig-
nificantly lower mean index scores for freedom from dis-
tractibility and perceptual organization than patients with
no visible hypothalamic damage on neuroimaging.39 As
this group comprised those shown to have morbid obesity
and usually associated hyperphagia, one could speculate
that intrusive feelings of hunger and thoughts of food
could be playing a significant part in their distractibility.

Risk factors for poor cognitive outcome included com-
plications at the time of operation (inclusive of arterial or
venous hemorrhage, arterial spasm, vessel damage, frontal
lobe bruising, intraoperative cardiorespiratory problems)
and multiple surgical procedures (inclusive of ventricular
drainage procedures for hydrocephalus and operations
for tumor recurrence). Figure 20.9 illustrates the number
of surgical procedures some children had, both on the
tumor itself and when including shunt-related opera-
tions. Treatment with radiotherapy (median follow-up
7.6 years), when added to the statistical model, did not

significantly influence cognitive outcome.4 However, those
children receiving irradiation following tumor recurrence,
the majority of whom also had further surgery, had sig-
nificantly lower mean performance and full-scale IQs at
follow-up; although the mean verbal IQ was also lower,
this did not achieve statistical significance.

Overall, educational difficulties occurred in 75 per cent
of patients, a significant proportion of which had gone
unrecognized until formal psychometric testing. Almost
a third of children required special schooling for cogni-
tive/behavioral impairment after treatment for their cran-
iopharyngioma. Of those within mainstream education,
almost half had significant schooling problems, includ-
ing a combination of concentration and attention-span
deficits, short-term memory problems, learning difficulties
sufficient to warrant statementing, behavioral difficulties,
and problems with being bullied over size, weight, and
school attendance.

In summary, our data confirm the often profound
adverse effects of this tumor and its subsequent manage-
ment on psychosocial and intellectual functioning. Both
complications at the time of surgery and the total num-
ber of operative procedures performed have the greatest
influence on cognitive outcome, and these factors prevail
over the known potential effects of cranial irradiation. It
is therefore paramount for physician and surgeon to
ensure optimal hormone replacement therapy, regular
neuropsychological assessment, and close liaison
between community pediatricians, parents, teachers, and
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Figure 20.9a,b Total number of surgical procedures performed
on (a) tumor alone and (b) inclusive of ventricular drainage
procedures in 75 children treated for craniopharyngioma at Great
Ormond Street Hospital for Children, London, from 1973 to 1994.
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educational psychologists so that the spectrum of possi-
ble cognitive, behavioral, and psychological deficits are
identified early and acted upon promptly.

FOLLOW-UP

The follow-up care required for these children mirrors the
investigations recommended before treatment was started:
neuroimaging (aimed at the early detection of further or
recurrent tumor growth), and endocrinological, ophthal-
mological, neurological, and psychological assessment.
Although each aspect of morbidity has been considered
separately, it is clear that many children may be multiply
impaired, and the spectrum of possible visual, endocrine,
neurological, cognitive, and behavioral pathology associ-
ated with the tumor and its management necessitates close
liaison with a multidisciplinary, multiagency team.

Neuroimaging

The combination of a tumor that occurs infrequently and
neuroimaging that is continuing to increase in sophistica-
tion means that it is still impossible to say with confidence
exactly how long a child whose craniopharyngioma has
received treatment intended to be curative (whether sur-
gery, radiotherapy, or chemotherapy) should be followed
up for. Our own policy is to continue with MRI six-
monthly at first, and perhaps later at longer intervals until
five years have elapsed since the last “definitive” treatment.
These intervals may, of course, need to be modified to take
into account the need to monitor the effects of particular
treatments.

MANAGEMENT OF THE RECURRENT TUMOR

Recurrent tumors may present with the advent of new clin-
ical symptoms and signs, or they may be detected before
this stage if the patient has received appropriate surveil-
lance imaging. Those presenting clinically are, by defini-
tion, larger than those presenting radiologically. Hopefully,
the concentration of childhood craniopharyngiomas in
centers where all the specialized care (including post-
treatment imaging) required is available will mean that
symptomatic recurrences will become a thing of the past
and evidence of further tumor growth will be detected
while it is small enough to be treated, with both a reduced
risk of producing further ophthalmological and neurolog-
ical damage and the possibility of effecting a cure.

For example, an intrasellar recurrence in a child who
has previously undergone an apparently complete surgi-
cal excision may be suitable for radiosurgery, while a
recurrent tumor after partial excision and radiotherapy

may have moved into a position that now makes it
amenable to further surgery, preferably using a different
operative approach. Patients receiving radiotherapy fol-
lowing surgical failure have tumor control and survival
results in the same range as patients receiving radiother-
apy after primary surgery.40,41 This should not, however,
be taken as justification to delay radiotherapy as survival
in patients treated by incomplete excision not offered
radiotherapy is significantly worse and policy of delayed
radiotherapy frequently exposes the child to the morbid-
ity of a second or subsequent surgical procedure.21

In this context, it should be pointed out that the con-
tinuing expansion of a cystic component for up to nine
months following external fractionated radiotherapy is
well described, does not necessarily mean that treatment
has failed, and requires treatment (e.g. cyst aspiration) only
if it becomes symptomatic.

There remain, however, some tumors (usually large
when first diagnosed) whose hypothalamic component
grows again some years after radiotherapy. If there is a
prominent cyst, then it can be treated with some form of
instillation therapy, but this will not touch any solid por-
tion of the tumor. Direct surgery on the hypothalamus
can be predicted to produce all the problems that a policy
of selective treatments has, until now, been successful in
avoiding and should be undertaken only after a frank dis-
cussion with the patient’s family and the patient if they are
sufficiently competent to be included. For these patients,
unfortunately, the outlook remains gloomy, although there
is anecdotal evidence from the fact that adult cranio-
pharyngioma patients do not have the same incidence of
devastating hypothalamic problems following attempted
radical removals of large tumors that the adult hypothala-
mus may be more resilient than its childhood counterpart.

CONCLUSIONS

Despite considerable refinement in the management of
craniopharyngioma, a significant proportion of children
suffer the sequelae of disease and treatment. Management
remains complex and controversial and should be under-
taken in a multidisciplinary setting with highly experienced
neurosurgeons and precision-localized radiotherapy given
in a fractionated manner according to safe practice and
aiming to provide long-term tumor control with the lowest
morbidity.

Despite the reluctance on the part of some neurosur-
geons to acknowledge the role of radiotherapy in the
management of these tumors, it has been shown that
modern fractionated external beam radiotherapy is effec-
tive both as adjuvant therapy after subtotal tumor excision
and as a treatment modality for tumor recurrence. Risk
factors for cognitive outcome further support the findings
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that radiotherapy should be considered early following
subtotal tumor excision, rather than waiting for tumor
recurrence, when additional surgical intervention is also
likely to be required. However, the risks of multiple sur-
gical procedures on cognitive outcome need to be bal-
anced against the risks of irradiation to the young brain
in children less than five years of age. Newer techniques
of dose optimization, namely stereotactic radiotherapy,
may help to further refine the management of these dif-
ficult tumors in the foreseeable future.

From what has been described, it can be seen that suc-
cessful treatment in terms of preserving quality of life
without sacrificing the best opportunity for tumor cure is
dependent on recognizing the implications of many vari-
ables. For this reason we have formulated an algorithm
(Figure 20.10) that has proved helpful. This should not be
taken as definitive therapeutic advice for what is one of the
most difficult tumors in pediatric neurosurgery to treat
satisfactorily. Rather, it is an example of how knowledge of
the factors that determine the outcome both with regard to

Craniopharyngioma
patient presents

with:

Attempted
radical removal

“Limited surgery”
for relief of chiasmatic

compression and/or third
ventricular obstruction 

by subtotal removal
of cyst decompression

“Complete
removal”

Tumor
recurs

Age � 7
years

Radiotherapy*
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such as cyst aspirations
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Radiotherapy*
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Tumor grows again

Solid component–
further attempt at
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following relief of
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Watch and wait –
clinical and radiological
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Watch and wait –

clinical and radiological
surveillance
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Tumor grows
again
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Existing hypothalamic problems
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Figure 20.10 Suggested algorithm for the management of childhood craniopharyngioma that takes into account the presence or
absence of certain risk factors at the time of presentation and the child’s age when radiotherapy is being considered. An age limit of
seven years has been illustrated here, but in general the policy should be to postpone radiotherapy for the child’s brain for as long as
is practically possible. (*Radiotherapy in this context usually refers to external fractionated treatment (preferably conformal,
stereotactically focused), but some tumors may be suitable for “radiosurgery” if sufficiently delineated from the optic apparatus,
hypothalamus, and brainstem.)



References 385

tumor recurrence and the functional condition of the child
can be used to place treatment on a more rational basis.

The rarity of childhood craniopharyngiomas makes it
difficult not only for a single neurosurgical unit to accu-
mulate experience but also for the pediatric endocrino-
logists, ophthalmologists, and radiation (and medical)
oncologists whose input is essential for their care to do the
same, and then for all these specialties to share their expe-
rience in a useful way. This is not a problem that can be
overcome merely by pooling data from multiple centers.
The differences between patients and their tumors as well
as in the various treatments deployed are too great to allow
for any meaningful conclusions to be drawn. Only the con-
centration of cases into a small number of pediatric cen-
ters in which the complete team of experts can be deployed
offers any opportunity for improving their outlook.
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GENERAL CONSIDERATIONS

Spectrum of disease

See Table 21.1.1

Tumors of the spinal cord, exiting nerve roots, and
enveloping meninges are very rare in childhood. Because
of the high likelihood that these tumors are benign 
in nature and that their treatment should result in long
survival times with the possibility of significant neuro-
logical morbidity, finding the optimal management is
very important. The primary tumor pathologies that
exist within the spinal cord proper include astrocytomas
and ependymomas, but other types of tumors, including
gangliogliomas, lipomas, and metastatic tumors, may
also be found in this location. Complicated congenital
defects related to occult spinal dysraphism may lead to
teratomas and dermoids within the spinal cord.

Tumors that arise outside the spinal cord but within
the dural sac are extremely rare in children, except in the
context of neurofibromatosis. These tumors include
meningiomas and nerve sheath tumors (NSTs). The lat-
ter may be either neurofibromas or schwannomas, which
are also called neurilemmomas. Neurosurgeons do not
expect to see these tumors as isolated findings before 
the fifth decade of life. However, in the context of both
neurofibromatosis type 1 (NF-1) and neurofibromatosis
type 2 (NF-2), it is common to see these intradural
extramedullary tumors early in the second decade of life,
and they have been reported in even younger children. In
the context of NF-2, these tumors are usually multiple,
making the management of each individual tumor more
difficult. As many as five per cent of intramedullary
spinal cord gliomas may occur in children with NF-1.2

Incidence and location

Spinal cord tumors comprise two to five per cent of
primary central nervous system (CNS) tumors in 
childhood.2,3 The ratio of intracranial to intraspinal
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Table 21.1 Tumor types and location in 635 pediatric spinal
tumors

Location Tumor type n Total (%)

Intramedullary 189 (29.7)
Astrocytoma 114
Ependymoma 50
Lipoma 25

Intradural 156 (24.6)
extramedullary

Dermoid 39
Neurofibroma 28
Schwannoma 20
Meningioma 17
Epidermoid 14
PNET 30
Hemangioepithelioma 8

Extradural 219 (34.5)
Sarcoma 67
Neuroblastoma 64
Teratoma 35
Metastasis 29
Ganglioneuroma 19
Lymphoma 5

Others 71 (11.2)

From Yamamoto Y, Raffel C.1 Intraspinal extramedullary neoplasms. 
In: Albright A, Pollack I, Adelson P (eds) Operative Techniques in
Pediatric Neurosurgery. New York: Thieme, 2001, pp. 189–92. Reprinted
by permission.
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tumors has been reported to be between 20 and five to
one. It is likely that the proportion of intramedullary
spinal cord tumors to intrinsic brain tumors follows the
ratio of the volume of tissue in the two compartments.
Low-grade astrocytic tumors occur sporadically through-
out childhood, with a median age around six to ten years.
Sex distribution is even.2,4,5

In adults, 20 per cent of spinal tumors are intra-
medullary; these tumors account for at least 35 per cent
of intraspinal tumors in children. The most common
location for intramedullary spinal cord tumors in general
is the cervicomedullary junction, followed by the thoracic
spinal cord. Low-grade astrocytomas are distributed
evenly along the spinal cord,2 although in some series there
appears to be a predilection for the cervical and thoracic
segments.4,6–8 Up to five or even ten per cent of cases 
in some series of intramedullary spinal cord tumors in
children have extended from the upper cervical spinal
cord to the conus medullaris and are regarded as holocord
tumors.4,9

Apart from holocord tumors, it is sometimes 
stated that low-grade gliomas of the spinal cord rarely
involve the conus medullaris or cauda equina. Sacral
intradural metastases from primary low-grade astro-
cytoma of the chiasmatic-hypothalamic region have been
reported.10

In children benign astrocytomas (grades I and II)
account for the majority of intramedullary spinal cord
tumors, but in adults ependymomas predominate.
Except in the context of neurofibromatosis, intradural
extramedullary tumors are very rare in children.
Meningiomas account for only five per cent of spinal
tumors in children. Neurofibromas (seen only in the
context of neurofibromatosis) and schwannomas 
are usually linked together as NSTs because they tend 
to behave similarly and are indistinguishable on 
imaging.

The commonest extradural spinal tumor in child-
hood is paraspinal neuroblastoma (NBL) extending in 
an hourglass fashion into the spinal canal. As a cause 
of neoplastic spinal compression in childhood, NBL is
second only to astrocytoma in frequency. Other extra-
dural spinal tumors include various sarcomas, “blue-cell
tumors,” and lymphoma.

Clinical presentation

See Chapter 6.

Imaging

See Chapter 7 (in particular, Figures 7.37–7.42).

THERAPEUTIC OPTIONS

Extradural spinal tumors

The role of surgery is simply to provide decompression
and tissue for histological diagnosis. Many cases of
malignant extradural spinal tumor in childhood can 
be treated by chemotherapy without the need for neuro-
surgical intervention. The treatment of these tumors
needs to be viewed in the context of the overall manage-
ment strategy of the disease and will not be considered
further here.

Intradural extramedullary spinal tumors

Although the histological distribution of intraspinal
tumors in children differs from that in adults, the opera-
tive indications are similar. Most intradural extramedullary
tumors are benign lesions that are best treated by com-
plete surgical excision. The surgical decisions in the con-
text of NF-2 are very complicated, but asymptomatic
tumors almost regardless of size should be observed for
signs of neurological involvement. If the symptomatic
tumor involves a nerve root with important neurological
function, then it is probably better to debulk the tumor
surgically to decompress the spinal cord while leaving 
the nerve functional. In the case of schwannomas (about 
52 per cent of the total) and meningiomas (35 per cent),
it may be possible to gain a complete removal while 
leaving the parent nerve intact; however, in the case of
neurofibromas (13 per cent), this is never the case. It is
also rarely if ever possible to distinguish between these
three tumor types before obtaining tissue at operation
for pathological analysis.11

Intradural intramedullary spinal tumors

The management of intramedullary spinal cord tumors
is quite controversial and will be dealt with below in the
context of evidentiary review. While most tumors that
are asymptomatic in the context of NF-2 should simply
be observed, this may not be the case with intramedullary
spinal cord tumors. The outcome of surgical resection in
terms of postoperative neurological function depends
greatly on the function of the patient before surgical
intervention. This observation led Epstein and colleagues
to question the value of operating on non-ambulatory
patients. Because of the insidious nature of the slow-
growing intramedullary tumor, it seems reasonable to
remove these tumors prophylactically before the devel-
opment of incapacitating symptoms. In the context of
ependymomas, the most frequent intramedullary spinal
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cord tumor in NF-2, a gross total removal should be pos-
sible. Whatever management protocol is adopted for
individual patients, the application of a standardized
functional grading system, such as that proposed by
McCormick and colleagues,12 has considerable merits
(Table 21.2).

Surgical technique

See Chapter 9.

The evidence base for management of
intradural spinal tumors in children

The methodology used is that described in detail previ-
ously13 and summarized in Tables 21.2–21.4. Of 445 
articles concerning intramedullary spinal tumors in
childhood, 74 were valuable for the purposes of this
review. There were no class I studies.

INTRAMEDULLARY TUMORS

Feasibility of resection and its effect on outcome
Blind radiation of intramedullary tumors without a tis-
sue diagnosis cannot be supported by the literature, and
all children with intramedullary spinal cord tumors show-
ing symptomatic or radiological progression should
undergo surgical exploration. A significant percentage of
low-grade intramedullary astrocytomas are amenable to
extensive or gross total resection, with acceptable mor-
bidity.14–22 There is, however, a wide range of experience
in this regard, with gross total, or subtotal, resection
ranging from 49 per cent of cases in one European series4

to 77 per cent in a North American series.2 Other authors
have advocated more conservative surgical approaches
followed by radiation therapy, with good results in a large
proportion of patients.23–31

Analysis of the literature leads to the conclusion that
low-grade intramedullary astrocytomas should be
explored and that if gross total removal is feasible, then
no further adjunct treatment is necessary. This approach

should be viewed as a guideline for the management of
this tumor.13

Because of the benignity and long periods of time to
progression, direct comparisons of patients treated with
radical surgery as compared with limited surgery with
adjunctive radiation therapy are not available. Based on
the literature reviewed, it is not possible to determine the
best long-term outcome as a function of extent of resection.
Enthusiasm for attempting gross total removal of these

Table 21.2 Functional neurologic scale

Grade Functional status

I Neurologically normal, mild focal deficit not
significantly affecting function of involved limb;
mild spasticity or reflex abnormality, normal gait

II Presence of sensorimotor deficit affecting function
of involved limb, mild to moderate gait difficulty,
severe pain or dysesthetic syndrome impairing
patient’s quality of life, still functions and
ambulates independently

III More severe neurological deficit, requires
cane/brace for ambulation or significant bilateral
upper extremity impairment, may or may not
function independently

IV Severe deficit, requires wheelchair or cane/brace
with bilateral upper extremity impairment, usually
not independent

Reprinted from McCormick et al.12 by permission of the Journal of
Neurosurgery.

Table 21.4 Categories of management options

Standards Guidelines Options

Accepted principles of patient management Reflect a moderate degree Outcomes are uncertain
that reflect a high degree of clinical certainty of clinical certainty

Based on class I evidence or multiple strong Based on class II data or a large number Based on class 
class II studies of concordant good class III studies III evidence

Clinicians must act in conformity Optimal choice is uncertain Clinician may employ

Clinician should follow the guideline at own discretion

or inform the patient of the rationale
underlying a different choice

Table 21.3 Classification of quality of data in clinical studies

Class Type of data

I Randomized prospective studies

II Comparison of results of two forms of treatment
as they impact on a specified outcome

III Everything else, including retrospective reviews of
personal series, expert opinion, and case reports

From Nadkarni N, Rekate H.13 Paediatric intramedullary spinal cord
tumors: critical review of the literature. Childs Nerv Syst 1999; 15:
17–28. Reprinted by permission.
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tumors has, until recently, been limited to a very few cen-
ters with large experiences.14,15,17,18,32–35 A major ques-
tion, such as whether a child with a residual spinal cord
astrocytoma should receive adjunctive radiation or be
observed for tumor growth, cannot be addressed objec-
tively by a review of the literature.

Radical surgery has been performed in the case of
malignant astrocytomas of the spinal cord.31 However,
there is little evidence that the outcome for these unfor-
tunate patients can be improved in terms of survival or
neurological morbidity. These tumors tend to be more
vascular and hemorrhagic and lack a distinguishable
plane between the tumor and the spinal cord.

Even the most aggressive group in terms of surgical
removal now recommends a rather conservative approach
to the resection of these tumors, to be followed by radia-
tion therapy and chemotherapy as indicated.17 As little
information exists relative to the management of these
tumors, and all that does exist should be considered as
class III data, the above recommendation should be con-
sidered an option.

In the case of intramedullary ependymomas, how-
ever, the situation is significantly clearer. There is a clearly
defined plane between the tumor and the surrounding
spinal cord. An attempt should be made to radically
excise these tumors. Several authors have reported excel-
lent results with total excision of spinal cord epen-
dymomas, with minimal morbidity in ambulatory
patients.12,19,28,36,37 Presumably with a higher level of
confidence and experience, most if not all spinal cord
ependymomas can be resected in their entirety. Late-
outcome data exist and support the concept that in patients
in whom gross total removal of an intramedullary
ependymoma can be achieved, immediate postoperative
radiation therapy is not warranted.12,18,21,22,24,26,33,36,38–40

Gross total removal of intramedullary ependymomas
should be attempted in all patients who are ambulatory
at the time of presentation and, if achieved, should be
followed by long-term surveillance of the patient rather
than radiation therapy. This recommendation should be
considered as a standard.

What should be done if the surgeon believes that they
have performed a gross total removal of the tumor and
the postoperative magnetic resonance imaging (MRI)
reveals that tumor remains? In the case of ependymoma,
the patient should be re-explored early in an attempt to
obtain a gross total removal unless there were elements
of the surgical procedure that would put the patient 
at high risk of morbidity. If the tumor cannot be
removed because there was no surgical plane or because
of intraoperative deterioration of the evoked potentials,
then it is unlikely that repeat surgery will result in further
resection, and the patient could either be observed over
time or be submitted to radiation therapy as options 
for care.

In the case of low-grade astrocytoma, total resection of
the tumor is not an expected outcome of the procedure,
even in the case of the inability to see residual tumor on post-
operative MRI. For this reason, small amounts of residual
tumor in the case of the intramedullary astrocytoma should
simply be observed over time with sequential imaging. This
is in line with an observational policy for incompletely
excised low-grade astrocytoma elsewhere in the CNS.

Until recently, the extent of resection has been taken
to be that described by the operating surgeon at the time
of the resection. The availability of MRI has added a sig-
nificant degree of objectivity to that assessment, particu-
larly with respect to tumors that take up contrast material.
Two studies have compared the surgeon’s assessment of
the degree of surgical removal of the tumor with the
postoperative MRI. The conclusion of these studies is
that the surgeon has an excellent chance of predicting
extent of resection in the case of intramedullary ependy-
moma but is significantly less likely to be correct when
dealing with astrocytomas.8,41 Follow-up MRI is impor-
tant not only to document residual tumor but also to
detect asymptomatic recurrence. Minute residues of astro-
cytomas may be beyond the limits of resolution of MRI,
and in this case residual tumor should be assumed
despite a negative postoperative scan.22

Adjuncts to surgery
Very few techniques or surgical adjuncts have been sub-
jected to scientific scrutiny to determine their efficacy
and safety. Removal of spinal cord tumors, whether
intramedullary or extramedullary, carries with it signifi-
cant risk to the patient. Any surgical adjuncts that will
lead to safer and more effective surgery should be utilized
if possible. We have attempted to analyze the literature
regarding the management of intramedullary spinal cord
tumor to determine which are useful in improving the out-
come of the patient. What follows is an attempt to deter-
mine objectively the value of various surgical adjuncts that
have been advocated for the management of these tumors.

Ultrasonic aspirator Ultrasonic aspiration emulsifies
tissue right at its tip, with little of the energy transmitted
to surrounding structures. It is useful for removing
tumors rapidly while leaving the sensitive neural struc-
tures in the vicinity at minimal risk of damage or
distortion. Laboratory studies have shown that blood
flow to tissues as little as 1 mm away from the point of
the instrument is maintained without measurable dis-
tortion.42 The power setting of the instrument can be
adjusted, giving the surgeon some tactile input regarding
the tissue being resected. The tumor is debulked internally
until the normal white matter is seen; the dissection
stops at this tumor–spinal cord interface.18,31,43

The device is reported to be excellent for the removal
of intramedullary spinal cord tumors, but it is entirely
possible to achieve the same results without its use. There
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are no outcome studies comparing the results with the
device with those in which it was not used. Its use should
therefore be considered an option.

Surgical laser The surgical laser is a precise tool that
vaporizes tissue over a small, precisely controlled vol-
ume with little effect on surrounding tissues. It does not
create any distortion of surrounding tissues. Most
authors who recommend it use it to perform the initial
myelotomy and then use it at the end of the procedure
to remove small pieces of tumor at the interface of the
normal cord. The major disadvantage of the surgical
laser relates to its precision. It is a very slow instrument
for this application. It is time-consuming to vaporize
large volumes of tumor, and the char that remains may
make it difficult to discern the interface between the
spinal cord and the tumor that remains. In general,
enthusiasm for the use of the surgical laser in neuro-
surgery has waned over the past decade, and its use
should be considered an option.

Intraoperative ultrasound The intraoperative utilization
of ultrasonography has proved useful for determining
the location and extent of tumors as well as the identifica-
tion of intratumoral cysts and syringes. Its use is advoca-
ted strongly by a number of authors.21,26,31–33,36,41–45

Ultrasonography in experienced hands is also useful in
determining the extent of resection intraoperatively.
The use of intraoperative ultrasound should be viewed
as a guideline.

Evoked potential monitoring Two types of evoked
potential monitoring have been utilized in the intra-
operative resection of intramedullary spinal cord
tumors. Somatosensory-evoked potentials (SSEPs) rely on
the integrity of the dorsal columns of the spinal cord and
are the most widely available monitoring tool available
worldwide. The theoretical objection to the use of SSEPs
is that because of the reliance on the dorsal columns of
the spinal cord, significant damage to the corticospinal
tracts could lead to major deterioration without change
in the evoked potential. False-negative results have been
recorded in the case of scoliosis surgery, but as far as we
have been able to determine, there is not a published
confirmed case of a patient who suffered neurological
deterioration during the resection of an intramedullary
spinal cord tumor without seeing significant changes in
the SSEPs. The major difficulty with SSEPs is the
frequency of false-positive changes in the recordings.

The placement of the pial sutures, irrigation with cold
irrigant, the use of the bipolar coagulator or laser, and
changes in level of anesthesia or blood pressure may give
false readings of general diminution or loss of SSEPs. In
such cases, the irrigant is warmed and other manipulation
ceased for a short time until the potentials resume; the
procedure then continues.43 The fact that SSEP monitoring
is very likely to notify the surgeon that the patient may be

being harmed before the development of permanent
morbidity results in the use of SSEP monitoring during
the removal of intramedullary spinal cord tumors being
recommended as a guideline.

The monitoring of motor-evoked potentials (MEPs) is
becoming more widespread and available in an increas-
ing number of neurosurgical centers. This technique
involves measuring the electrical activity of the corti-
cospinal tracts, the structures that the surgeon wishes to
protect. The use of MEP monitoring requires the avail-
ability of sophisticated neurophysiological support,
but it has proved very helpful in the management of
intramedullary spinal cord tumors.18,46 The recommen-
dation is that if the MEPs deteriorate below 50 per cent
of the baseline, then surgery is discontinued to allow the
potentials to recover; if they do not recover, then surgery
is discontinued.35,46 The limited clinical availability of
this modality, and the limited number of controlled
studies on the use of MEPs, make its use an option.

Adjuvant therapy
Until the relatively recent enthusiasm for radical resection
of intramedullary spinal cord tumors, the majority of
these lesions were managed by decompression, limited
resection or biopsy, and radiation therapy. There have
been no class I trials comparing radical surgery with
limited surgery and radiation therapy, and it is very
unlikely that such a study will ever be done. The rarity of
the tumors, the passions of the individual investigators,
and the long times to progression of these tumors make
it almost impossible to perform a proper study to
answer this question in terms of tumor control. Such a
study might, however, address neurological and skeletal
morbidity, especially that consequent upon therapies.

Radiation therapy The role of radiation therapy in
the management of intramedullary spinal cord tumors
in general, and especially low-grade astrocytomas, is cer-
tainly the most controversial aspect of this condition.
Radiation therapy has been shown to be effective in a
large number of patients harboring intramedullary astro-
cytomas with substantial tumor burdens in controlling
the growth of tumors leading to many years of asympto-
matic, progression-free survival.

The threshold for radiation injury of tumor contain-
ing spinal cord is encountered at 45–50 Gy using conven-
tional fractionation,47,48 and the risk of radiation-induced
myelopathy limits the dose that can be delivered to a max-
imum of 50 Gy in 1.8–2.0-Gy fractions, which carries a
very low incidence of myelopathy.49,50 There is a presumed
shallow dose–response curve: it appears that total doses
in excess of 45 Gy are sufficient for tumor control, whereas
total doses of less than 40 Gy may be associated with an
increased failure rate; beyond 50 Gy, there is no addi-
tional therapeutic benefit.4,7,8,47 The optimal length of the
spinal cord field has not been determined (Table 21.5).51
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Radiation therapy should be withheld from patients
following total removal of ependymomas as a standard.
It should also be withheld from patients with low-grade
astrocytomas undergoing radical removals, even though
the removal falls short of a gross total removal as a guide-
line. Radiation therapy should be used after any degree of
resection of a malignant (grade III or IV) astrocytic
tumor as a guideline. Radiation therapy may be used at
the time of progression of intramedullary spinal cord
astrocytomas, either with or without prior repeat surgi-
cal exploration, as a guideline.

Chemotherapy The use of chemotherapy to treat
intramedullary ependymomas and benign astrocytomas
has not been studied in a prospective randomized trial
and remains poorly defined. Chemotherapy has been
utilized especially for infants with progressive low-grade
tumors. There are only case reports, or very small series,
suggesting that various chemotherapy regimes produce
responses in either incompletely resected or unresectable
tumors, with marked functional improvement.4,52–56 As
in other sites, chemotherapy may delay the need for
radiotherapy or even obviate its use.52,54,55 Close
monitoring is required.57

Several authors have recommended the use of
chemotherapy for malignant intramedullary tumors, but
there seems to be no evidence that any of these regimens
has altered the outcome of these devastating tumors.25,58

The use of chemotherapy for any aspect of the treatment
of intramedullary spinal cord tumors should be consid-
ered an option.

Laminectomy versus laminotomy As stated above, we
use laminotomy in children because it is faster, results
in a reconstruction of the spinal canal, and is safe.59

This technique was originally recommended as a way 
of preventing spinal deformity;60,61 there was some
scepticism at the time.62 Spinal deformities are a common
problem in patients with both intra- and extramedullary
tumors and occur with or without surgical intervention.
Kyphosis as a result of multilevel laminectomy is the
most common problem related to spinal stability faced

by these patients.14,15,31,43 The extent of spinal deformity
relates to many factors, including the age of the patient
at the time of the surgical intervention, the number of
laminae that are removed, and whether the laminae are
in the cervical, thoracic, or lumbar levels. The lack of
purchase of the paraspinal musculature in the absence
of spinous processes and laminae combines with the
weakness of these muscles due to the effects of the tumor,
to lead to the destabilization of the spine at the laminec-
tomized level.

Radiation therapy has multiple effects leading to loss
of the vertebral endplates and failure of the vertebral
bodies to grow if they are in the radiation field.18,31,63–66

The use of osteoplastic laminotomy returns the posterior
elements to the spine, which may serve to stabilize the
spine itself and serve as a site to be used later for subse-
quent spinal fusion, should it be needed.59,60 Very long-
term studies comparing spinal deformity in children
following laminectomy or laminotomy have not been
carried out, and some children do develop deformity of
the spine despite the use of laminotomy.18 Therefore, the
efficacy of laminotomy to prevent spinal deformity has
not been established, and its use should be considered an
option at this point. Spinal deformity can occur many
years following the treatment of children for spinal cord
tumors. It can lead to pain, deformity, and neurological
deterioration by compression of the spinal cord without
signaling recurrence or progression of the tumor. Patients
who have undergone laminectomy or laminotomy for
spinal cord tumors should be followed until adulthood
for the development of such deformity. This recommen-
dation should be taken as a guideline.

Summary
In summary, only three recommendations can be made
that carry the strength of certainty to be considered as
standards. First, an attempt should be made to resect
intramedullary ependymomas in their entirety. Second,
if residual ependymoma is seen on the postoperative
MRI, and the reason for the remaining tumor was that
the surgeon did not identify it at operation, then the

Table 21.5 Effect of radiotherapy for low-grade spinal tumors in children

Radiation dose Fractionation 10-year survival
Ref. Patient characteristics (Gy) (Gy/fraction) (irradiated v. non-irradiated)

4 21 irradiated of 49 low-grade 30–50 Not given 83% v. 70%, NS
glioma

9 9 irradiated of 18, 4/11 with 43–50 Not given 3/4 alive v. 7/7 alive at 3–18
low-grade glioma years

7 14 children �20 years/79 patients 49.8 median 1.8 (range 1.44–2.5) 80–85% v. 55–60% (pilocytic 
all ages (range 13.1–66.6) astrocytoma all ages, n � 43), NS

8 12 low-grade glioma/31 children 30–56 Not given 83% (all irradiated)

NS, not significant.
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patient should be re-explored for removal of the remaining
tumor. Finally, if gross total removal of intramedullary
ependymomas and low-grade astrocytomas can be demon-
strated, then radiation therapy should be withheld and
the patient followed clinically and with surveillance MRI
for the development of recurrent tumor.

INTRADURAL EXTRAMEDULLARY TUMORS

Of 48 articles regarding intradural extramedullary tumors
in children, 18 were of value in this review. There were no
class I or class II data. Intradural extramedullary tumors
are extremely rare tumors in children, except in the con-
text of neurofibromatosis. A thorough review of the previ-
ous literature on intraspinal tumors in children identified
ten articles, with a total of 635 patients with spinal tumors,
including intramedullary, intradural extramedullary, and
extradural tumors (Table 21.1).1,67 Overall, intradural
extramedullary tumors represent about 25 per cent of
tumors affecting the spine in children. If those mass
lesions that are essentially congenital defects, such as der-
moids and epidermoids are excluded, then a total of 65
patients with primary tumors are identified, representing
approximately ten per cent of intraspinal tumors in child-
hood. Most of the tumors in this discussion occurred in
the context of neurofibromatosis.

While spinal meningiomas and NSTs must occur as
isolated events in children, these occurrences are so rare
that they do not lend themselves to review using 
evidence-based medicine.

Meningiomas
Isolated meningiomas of the spine in children as an iso-
lated event, as distinct from those found in the context of
NF-1 or NF-2, tend to be more aggressive and probably
represent meningeal sarcomas.68,69 Meningiomas in the
context of NF-2 are usually found when there are a large
number of other intraspinal and intracranial tumors.
The decision to operate on a meningioma of the spine
should be based on the symptoms that the patient is
experiencing and the relationship of the meningioma to
the spinal cord. Complete resection is usually possible
and should be curative of that meningioma. Due to the
complex nature of the overall management of NF-2
spinal meningiomas that are found on routine imaging
studies without overt spinal cord compression and with-
out associated symptoms, an observational strategy should
be viewed as a guideline.

Nerve sheath tumors
There are two types of tumors arising from the nerve
sheath of the exiting spinal nerve roots, schwanno-
mas (also called neurilemmomas) and neurofibromas.
Schwannomas are made up exclusively of Schwann cells
and grow from the sheath surrounding the nerve. It is
often possible to remove the tumor whilst leaving the
nerve functional.

In the case of neurofibromas, however, there is a mix-
ture of Schwann cells and fibroblasts and an abundance
of collagen. These tumors circumferentially expand the
nerve itself, and total resection of necessity involves the
parent nerve. The same principles of management as dis-
cussed above in relation to meningiomas in the context
of neurofibromatosis applies equally well as a guideline to
the management of schwannomas and neurofibromas 
in the context of NF-1 and NF-2.70 If the nerve from
which the tumor is formed is functionally important, such
as the nerves forming the brachial and lumbosacral plexi,
then debulking rather than complete excision should
probably be performed; this should be seen as an option.

Prognosis

Overall survival rates for all types and grades of child-
hood intramedullary spinal cord tumors are between 39
and 90 per cent at five years, with event-free survival
rates between 14 and 77 per cent. Overall survival rates
for low-grade tumors regardless of treatment are reported
at 76 per cent at ten years, and 83 per cent at ten years 
for regimes including radiation therapy.4 For patients
undergoing aggressive resection alone, five-year pro-
gression-free survival of 79 per cent has been reported.71

Approximately 50 per cent of the tumors that have 
been deemed unresectable progress following chemo-
therapy.53–55,57

Factors influencing outcome have been the duration
of presenting symptoms before diagnosis (specifically,
the development of spinal deformity), the preoperative
neurological condition, and the histology.4,6 The extent
of disease at diagnosis, as judged by the number of verte-
bral segments involved, has not been a significant factor.7

Similar five-year progression-free survival has been
observed in low-grade tumors that have been subtotally
(80–95 per cent) resected compared with those that have
been totally resected.2 Although most relapses and pro-
gressions occur within five years of diagnosis, late recur-
rence beyond ten years is observed.

The principal prognostic determinant of postopera-
tive functional status is the degree of preoperative neuro-
logical deficit. Patients with no or only mild deficits
before surgery rarely deteriorate. Of 164 patients aged 21
years or younger, of whom 131 had low-grade tumors,
and who underwent aggressive surgery with intention to
achieve total resection if possible, clinical symptoms
were unchanged in 60 per cent, improved in 16 per cent,
and aggravated in 24 per cent.2,71

The risk of spinal deformity relates to age, anatomical
level, and the number of spinal levels operated upon. For
patients under 15 years of age and undergoing multilevel
procedures, the risk is approximately eight times that for
patients aged over 15 years. The risk is very high in the



cervical region, less in the thoracic region, and negligible
in the lumbar region.66 Radiation therapy without surgery
also carries a risk of spinal deformity, with incidences of
up to 71 per cent.72,73 This is also age-related, young age
being a risk factor. Corrective orthopedic spinal surgery
may be required.6,51

An incidence of second malignancy of 13 per cent at
ten and 20 years has been reported.8

SUMMARY

Intradural tumors of childhood, whether intramedullary
or extramedullary, are rare tumors whose management is
primarily surgical. None have been treated using a ran-
domized trial or even according to a standardized strat-
egy-based protocol. Many of the larger series comprise
patients encountered at single institutions and treated
over a considerable period of time, during which the phi-
losophy of management, as well as equipment and tech-
niques, have changed. Furthermore, as with many
institutional series, these series cannot include data from
more than a highly selected proportion of the population
at risk. It is sometimes difficult to know exactly why par-
ticular patients gravitated towards particular hospitals.
Most of the management issues remain subject to debate.
A small number of conclusions can be gained from a
thorough review of the literature as it relates to
intramedullary tumors. Thus, if a gross total removal of
the tumor can be achieved, then postoperative adjuvant
treatment using radiation or chemotherapy should await
the diagnosis of recurrence. While this standard is lim-
ited to intramedullary tumors, it can almost certainly be
extrapolated to meningiomas and NSTs seen in children.

REFERENCES

1 Yamamoto Y, Raffel C. Intraspinal extramedullary neoplasms.
In: Albright A, Pollack I, Adelson P (eds) Operative Techniques in
Pediatric Neurosurgery. New York: Thieme, 2001, pp. 183–92.

2 Constantini S, Miller DC, Allen JC, Rorke LB, Freed D, Epstein FJ.
Radical excision of intramedullary spinal cord tumors: surgical
morbidity and long-term follow-up evaluation in 164 children
and young adults. J Neurosurg 2000; 93:183–93.

3 Stiller CA, Nectoux J. International incidence of childhood
brain and spinal tumours. Int J Epidemiol 1994; 23:458-64.

4 Bouffet E, Pierre-Kahn A, Marchal JC, et al. Prognostic factors
in pediatric spinal cord astrocytoma. Cancer 1998; 83:2391–9.

5 Merchant TE, Kiehna EN, Thompson SJ, Heidman RL, Sanford RA,
Kun LE. Pediatric low-grade and ependymal spinal cord
tumors. Pediatr Neurosurg 2000; 32:30–6.

6 Epstein F, Constantini S. Spinal cord tumors of childhood. 
In: Pang D (ed.) Disorders of the Pediatric Spine. New York:
Raven Press, 1995, pp. 55–76.

7 Minehan K, Shaw EJ, Scheithauer BW, Davis DL, Onofrio BM.
Spinal cord astrocytoma: pathological and treatment
considerations. J Neurosurg 1995; 83:590–5.

8 O’Sullivan C, Jenkin R, Doherty M, Hoffman H. Greenberg M.
Spinal cord tumors in children: long-term results of combined
surgical and radiation treatment. J Neurosurg 1994; 81:507–12.

9 Przbylski GJ, Albright AL, Martinez AJ. Spinal cord
astrocytomas: long term results comparing treatments in
children. Childs Nerv Syst 1997; 13:375–82.

10 Akar Z, Tanriover N, Kafadar AM, Gazioglu N, Oza B, Kuday C.
Chiasmatic low-grade glioma presenting with sacral intradural
spinal metastases. Childs Nerv Syst 2000; 16:309–11.

11 Mautner VF, Tatagiba M, Lindenau M, et al. Spinal tumors in
patients with neurofibromatosis type 2: MR imaging study of
frequency, multiplicity, and variety. Am J Roentgenol 1995;
165:951–5.

12 McCormick PC, Torres R, Post KD. Stein BM. Intramedullary
ependymoma of the spinal cord. J Neurosurg 1990;
72:523–32.

13 Nadkarni N, Rekate H. Pediatric intramedullary spinal cord
tumors: critical review of the literature. Childs Nerv Syst 1999;
15:17–28.

14 Epstein F, Epstein N. Surgical management of holocord
intramedullary spinal cord astrocytomas in children. 
J Neurosurg 1981; 54:829–32.

15 Epstein FJ, Epstein N. Surgical treatment of spinal cord
astrocytomas of childhood. A series of 19 patients. 
J Neurosurg 1981; 57:685–9.

16 Epstein FJ. Surgical treatment of intramedullary spinal cord
tumors of childhood. In: Pascual-Castroviejo I (ed.) Spinal
Tumors in Children and Adolescents. New York: Raven Press,
1990.

17 Epstein FJ, Farmer JP, Freed D. Adult intramedullary
astrocytomas of the spinal cord. J Neurosurg 1992; 77:355–9.

18 Goh KY, Velasquez L, Epstein FJ. Pediatric intramedullary spinal
cord tumors: is surgery alone enough? Pediatr Neurosurg
1997; 27:34–9.

19 Garrido E, Stein BM. Microsurgical removal of intramedullary
spinal cord tumors. Surg Neurol 1977; 7:215–19.

20 Brotchi J, Noterman J, Baleriaux D. Surgery of intramedullary
spinal cord tumours. Acta Neurochir (Wien) 1992; 116:176–8.

21 Cooper PR. Outcome after operative treatment of
intramedullary spinal cord tumors in adults: intermediate and
long-term results in 51 patients. Neurosurgery 1989;
25:855–9.

22 Cristante L, Herrmann HD. Surgical management of
intramedullary spinal cord tumors: functional outcome and
sources of morbidity. Neurosurgery 1994; 35:69–74.

23 Ahyai A, Woerner U, Markakis E. Surgical treatment of
intramedullary tumors (spinal cord and medulla oblongata).
Analysis of 16 cases. Neurosurg Rev 1990; 13:45–52.

24 Guidetti B, Mercuri S, Vagnozzi R. Long-term results of the
surgical treatment of 129 intramedullary spinal gliomas. 
J Neurosurg 1981; 54:323–30.

25 Hardison HH, Packer RJ, Rorke LB, Schut L, Sutton LN, Bruce
DA. Outcome of children with primary intramedullary spinal
cord tumors. Childs Nerv Syst 1987; 3:89–92.

26 Innocenzi G, Raco A, Cantore G, Raimondi AJ. Intramedullary
astrocytomas and ependymomas in the pediatric age group: 
a retrospective study. Childs Nerv Syst 1996; 12:776–80.

394 Intradural spinal tumors



27 Innocenzi G, Salvati M, Cervoni L, Delfini R, Cantore G.
Prognostic factors in intramedullary astrocytomas. Clin Neurol
Neurosurg 1997; 99:1–5.

28 Malis LI. Intramedullary spinal cord tumors. Clin Neurosurg
1978; 25:512–39.

29 Lunardi P, Licastro G, Missori P, Ferrante L, Fortuna A.
Management of intramedullary tumours in children. Acta
Neurochir (Wien) 1993; 120:59–65.

30 Rauhut F, Reinhardt V, Budach V, Wiedemayer H. Nau HE.
Intramedullary pilocytic astrocytomas – a clinical and
morphological study after combined surgical and photon or
neutron therapy. Neurosurg Rev 1989; 12:309–13.

31 Steinbok P, Cochrane DD, Poskitt K. Intramedullary spinal
cord tumors in children. Neurosurg Clin North Am 1992;
3:931–45.

32 Constantini S, Houten J, Miller DC, et al. Intramedullary
spinal cord tumors in children under the age of 3 years.
J Neurosurg 1996; 85:1036–43.

33 Cooper PR, Epstein F. Radical resection of intramedullary
spinal cord tumors in adults. Recent experience in 29
patients. J Neurosurg 1985; 63:492–9.

34 Goy AM, Pinto RS, Raghavendra BN, Epstein FJ, Kricheff II.
Intramedullary spinal cord tumors: MR imaging, with
emphasis on associated cysts. Radiology 1986; 161:381–6.

35 Kothbauer K, Deletis V, Epstein FJ. Intraoperative spinal cord
monitoring for intramedullary surgery: an essential adjunct.
Pediatr Neurosurg 1997; 26:247–54.

36 Epstein FJ, Farmer JP, Freed D. Adult intramedullary spinal
cord ependymomas: the result of surgery in 38 patients.
J Neurosurg 1993; 79:204–9.

37 Fischer G, Mansuy L. Total removal of intramedullary
ependymomas: follow-up study of 16 cases. Surg Neurol
1980; 14:243–9.

38 Lee M, Rezai AR, Freed D, Epstein FJ. Intramedullary spinal
cord tumors in neurofibromatosis. Neurosurgery 1996;
38:32–7.

39 Samii M, Klekamp J. Surgical results of 100 intramedullary
tumors in relation to accompanying syringomyelia.
Neurosurgery 1994; 35:865–73.

40 Stein BM. Surgery of intramedullary spinal cord tumors.
Clin Neurosurg 1979; 26:529–42.

41 Xu QW, Bao WM, Mao RL, Yang GY. Aggressive surgery for
intramedullary tumor of cervical spinal cord. Surg Neurol
1996; 46:322–8.

42 Constantini S, Epstein F. Ultrasonic aspiration in neurosurgery.
In: Wilkins R, Rengechary S (eds) Neurosurgery. New York:
McGraw-Hill, 1996, pp. 607–8.

43 Constantini S, Epstein F. Intraspinal tumors in infants and
children. In: Youmans J (ed.) Neurological Surgery.
Philadelphia: Saunders, 1996, pp. 3123–33.

44 Epstein FJ, Farmer JP, Schneider SJ. Intraoperative
ultrasonography: an important surgical adjunct for
intramedullary tumors. J Neurosurg 1991; 74:729–33.

45 Kawakami N, Mimatsu K, Kato F. Intraoperative sonography 
of intramedullary spinal cord tumours. Neuroradiology
436–9.

46 Morota N, Deletis V, Constantini S, Kofler M, Cohen H, Epstein
FJ. The role of motor evoked potentials during surgery for
intramedullary spinal cord tumors. Neurosurgery 1997;
41:1327–36.

47 Linstadt DE, Wara WM, Leibel SA, Gutin PH, Wilson CB,
Sheline GE. Postoperative radiotherapy of primary spinal cord
tumors. Int J Radiat Oncol Biol Phys 1989; 16:1397–403.

48 Mccunniff AJ, Liang MG. Radiation tolerance of the cervical
spinal cord. Int J Radiat Oncol Biol Phys 1989; 16:675–8.

49 Kopelson G, Linggood RM. Intramedullary spinal cord
astrocytoma versus glioblastoma. The prognostic importance
of histologic grade. Cancer 1982; 50:732–5.

50 Kopelson G, Linggood RM, Kleinman GM, Doucette J,
Wang CC. Management of intramedullary spinal cord tumors.
Radiology 1980; 135:473–9.

51 Marcus RB, Jr, Million RR. The incidence of myelitis after
irradiation of the cervical spinal cord. Int J Radiat Oncol Biol
Phys 1990; 19:3–8.

52 Bouffet E, Amat D, Devaux Y, Desuzinges C. Chemotherapy for
spinal cord astrocytoma. Med Pediatr Oncol 1997; 29:560–2.

53 Fort DW, Packer RJ, Kirkpatrick GB, Kuttesch JF, Jr, Ater JL.
Carboplatin and vincristine for pediatric primary spinal cord
astrocytomas. Childs Nerv Syst 1998; 14:484.

54 Doireau, V, Grill J, Chastagner P, et al. Chemotherapy for
intramedullary glial tumors. Childs Nerv Syst 1998; 14:484–5.

55 Doireau V, Grill J, Zerah M, et al. Chemotherapy for
unresectable and recurrent intramedullary glial tumours in
children. Brain Tumour Subcommittee of the French Society
of Pediatric Oncology (SFOP). Br J Cancer 1999; 81:835–40.

56 Lowis SP, Pizer BL, Coakham H, Nelson RJ, Bouffet E.
Chemotherapy for spinal cord astrocytoma: can natural
history be modified? Childs Nerv Syst 1998; 14:317–21.

57 Foreman NK, Hay TC, Handler M. Chemotherapy for spinal
cord astrocytoma. Med Pediatr Oncol 1998; 30:311–2.

58 Cohen A, Wisoff J, Allen J, Epstein F. Malignant astrocytomas
of the spinal cord. J Neurosurg 1989; 70:50–4.

59 Abbott RF, Eldstein N, Wisoff J, Epstein F. Osteoplastic
laminotomy in children. Pediatr Neurosurg 1992; 18:153–5.

60 Raimondi A, Gutierrez F, Di Rocco C. Laminotomy and total
reconstruction of the posterior spinal arch for spinal canal
surgery in childhood. J Neurosurg 1976; 45:555–60.

61 Gutierrez FA, Oi S, McClone DG. Intraspinal tumors in
children: clinical review, surgical results and follow-up in 51
cases. Concepts Pediatr Neurosurg 1983; 4:291–305.

62 Humphreys RP. Editor’s comment. Concepts Pediatr Neurosurg
1983; 4:304–5.

63 Cattell H, Clark G. Cervical kyphosis and instability following
multiple laminectomies in children. J Bone Joint Surg (Am)
1967; 49:713–20.

64 Lonstein J. Post-laminectomy kyphosis. Clin Orthop 1977;
128:93–103.

65 Yasuoka S, Peterson H, Laws E, Maccarty C. Pathogenesis and
prophylaxis of post-laminectomy deformity of the spine after
multiple level laminectomy: difference between children and
adults. Neurosurgery 1981; 9:145–52.

66 Yasuoka S, Peterson H, Maccarty C. Incidence of spinal
column deformity after multilevel laminectomy in children
and adults. J Neurosurg 1982; 57:441–5.

67 Yamamoto Y, Raffel C. Spinal extradural neoplasms and
intradural extramedullary neoplasms. In: Albright A, Pollack I,
Adelson P. Principles and Practice of Pediatric Neurosurgery.
New York: Thieme, 1999, pp. 685–96.

68 Liu H, Armond S, Edwards M. An unusual spinal meningioma in
a child: case report. Neurosurgery 1985; 17:313–16.

References 395



396 Intradural spinal tumors

69 Zwartverwer F, Kaplan A, Hart M. Meningeal sarcoma of the
spinal cord in a newborn. Arch Neurol 1978; 35:844–6.

70 Schut L, Duhaime A, Sutton L. Phakomatoses: surgical
considerations. In: Cheek W (ed.) Pediatric Neurosurgery:
Surgery of the Developing Nervous System, 3rd edn.
Philadelphia: W. B. Saunders, 1994, pp. 473–84.

71 Constantini S, Miller DC, Allen JC, Rorke LB, Freed D, Epstein F.
Radical excision of intramedullary spinal cord tumors:
surgical morbidity and long-term follow-up evaluation in 

164 children and young adults. J Neurosurg 2000; 93
(suppl. 2):183–93.

72 Katzman H, Waugh T, Berdon W. Skeletal changes following
irradiation of childhood tumors. J Bone Joint Surg Am 1969;
51:825–42.

73 Mayfield JK, Riseborough EJ, Jaffe N, Nehme Ame. Spinal
deformity in children treated for neuroblastoma. J Bone Joint
Surg Am 1981; 63:183–93.



INTRODUCTION

A chapter on rare pediatric brain tumors is arguably one
of the more essential components of any textbook of
brain and spinal cord tumors of childhood. In writing
this chapter, our aim was to provide a comprehensive and
practical overview to help the practicing clinician deal
with uncommon situations. In doing so, we have exten-
sively reviewed the literature and attempted to draw some
sensible conclusions, highlighting what is, and is not,
known. Clearly, there is much to learn about these tumor
types; given their rarity, this will best be achieved by
international cooperation.

MIXED NEURONAL-GLIAL TUMORS

Gangliogliomas

Gangliogliomas and ganglioneuromas comprise 0.4 per
cent of brain tumors in all ages, but in some large series
they represent up to four per cent of all childhood brain
tumors.1,2 Most tumors occur before the age of 30 years,
with presentations as young as six months and as old as
80 years.3,4

HISTOLOGY

The term “ganglioglioma” was first used to describe
tumors consisting of ganglion (neuronal) and glial ele-
ments.5 As differentiation is complete, these tumors are

usually considered to be benign. However, the histological
appearance is often highly variable, with the proportion of
glial and ganglionic cells varying widely. The glial compo-
nent usually shows increased cellularity and nuclear hyper-
chromasia, but mitoses are uncommon. The neuronal
component often shows abnormal cell clustering and bin-
ucleate cells. Lymphocytic infiltration is often seen.

No clear relationship exists between the histological
features, the clinical course, or the outcome.4 However,
differences in the histopathological features between
midline and hemispheric tumors have led one group to
suggest that these tumors should be divided into two
entities.6 Rarely, anaplastic gangliogliomas are reported,
often with a long history of malignant evolution and
poor outcome.3,7,8

CLINICAL FEATURES

Gangliogliomas are slow-growing lesions that typically
develop from structures that normally contain nerve
cells, such as the cerebral cortex. They occur most com-
monly in the temporal regions, but they may also develop
in the cerebellum, basal ganglia, brainstem, and spinal
cord.2,3,6,9,10 Optic nerve gangliogliomas have also been
reported.11 The median age at presentation is ten years
and there is a male predominance. The clinical presenta-
tion reflects the tumor location. Supratentorial tumors
usually present with increasingly severe and poorly con-
trolled epilepsy, often over significant time periods.2,6 The
electroencephalogram (EEG) is usually focally abnormal.
Learning disability and behavioral problems are reported
in about a third of cases.2,6 Slowly evolving neurological
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signs may be present in up to half of the cases; most com-
monly with midline tumors.2,6 Seizure control is usually
improved following complete resection, indicating that
seizure activity is related to the tumor.2,6

IMAGING

Computed tomography (CT) imaging studies reveal
hypodense, well-circumscribed lesions that are fre-
quently predominantly cystic. Calcification is present in
up to 25 per cent of cases.2,12 Magnetic resonance imag-
ing (MRI) confers advantages in determining the extent
and nature of these tumors, which are hyperintense on 
T2-weighted images. MRI also reveals a solid component.9

Involvement of the leptomeninges is common,2 but lepto-
meningeal spread is uncommon.12

TREATMENT

The management of ganglion cell tumors is surgical,
aiming for complete resection.2,6 Indeed, the extent of
resection is the major prognostic factor, complete resec-
tion equating to a good prognosis. Second-look surgery
may therefore play a role in the management of gangli-
ogliomas. In most series, midline brainstem and spinal
cord tumors have a worse prognosis, reflecting difficul-
ties in achieving a complete resection.4,13 Radiotherapy
should be reserved for recurrent or progressive dis-
ease.1,2,4,6,12 No reports of response to chemotherapy have
been reported.

Dysembryoplastic neuroepithelial tumors

Dysembryoplastic neuroepithelial tumors (DNTs) were
first described in 1988. They represent a rare form of
mixed neuronal-glial tumor, which should probably be
considered as a subcategory of ganglioglioma, described
above. DNTs are essentially slow-growing hemispheric
tumors, usually presenting with epilepsy.

HISTOLOGY

The DNT is differentiated from the ganglioglioma by
demonstrating a multinodular architecture, including
elements of cortical dysplasia in addition to the glioneu-
ronal elements seen in ganglioglioma. The criteria for a
diagnosis of DNT rest on the following features: (i)
intracortical location of nodules, and (ii) loose, myxoid,
hypocellular fields of mucopolysaccharide material, within
which are small cells resembling oligodendroglial cells
and in which neurons appear to float.

IMAGING

DNTs appear as hypodense lesions on T1 MRI and CT.
They often do not enhance, and have very little mass

effect. They are usually hemispheric, and frequently tem-
poral in location.

CLINICAL FEATURES

DNTs were first described by Daumas-Duport and col-
leagues,14 who separated them from other histologically
benign tumors found in resection specimens from
patients who had intractable epilepsy. DNTs therefore
commonly manifest as a seizure disorder. They can pres-
ent in the whole pediatric age range, but the mean age of
presentation is nine years. There is a male preponderance.
Occasionally, DNTs are present with headache and some-
times coincidental findings on scans performed for other
reasons.

TREATMENT

DNTs are often well-circumscribed and amenable to
complete surgical resection. The prognosis is generally
excellent. Surgical resection is usually the mainstay of
treatment. However, even after incomplete resection, long-
term progression-free survival is common, and adjuvant
therapy is commonly deferred. As these tumors often pre-
sent with seizure disorders, postoperative seizure control
sometimes plays a role in long-term functional outcome.

As with any of these hemispheric tumors, in which
complete surgical resection is the goal, preoperative and
intraoperative measures, such as image-guided systems
and intraoperative imaging, can play an important role
in achieving complete surgical resection with minimal
deficit.14–18

Desmoplastic infantile ganglioglioma and
desmoplastic astrocytoma of infancy

Desmoplastic infantile ganglioglioma (DIG) and desmo-
plastic infant astrocytoma (DIA) are very rare, unusual
mixed astroglial tumors reported mainly on children
under the age of one year. They are classically very large
superficial tumors, often with aggressive histological
findings that do not correspond to the generally good
outcome.

HISTOLOGY

These tumors are almost identical histologically, except
for the presence of neuronal cell differentiation in DIGs,
which may be evident only on immunohistochemical
staining. The exact nosology of desmoplastic tumors has
been the subject of much discussion over the past two
decades.22–34 The reports of Taratuto and colleagues in
1984, describing “superficial cerebral astrocytoma,” in
infants followed by the description of a similar tumor



with the added feature of ganglion cells in 1987, describ-
ing the desmoplastic infantile ganglioglioma, both led
the way in identifying massive superficial tumors in chil-
dren with dural attachment and characterized by the
presence of a combination of both astrocytes and mes-
enchymal tissue such as fibrocollagen, which, despite
showing malignant-looking areas, demonstrated a sur-
prisingly benign clinical course.27,32,34

Both these tumors characteristically demonstrate
intense desmoplasia, are glial fibrillary acid protein
(GFAP)-positive, and demonstrate either cellular or
nuclear pleomorphism, or both.27 Focal areas with poorly
differentiated cells and mitoses and primitive blast 
cells surrounded by areas of well-differentiated, benign-
looking tissue is common. Some tumors demonstrate
brain or dural infiltration. Some demonstrate a remark-
able variety of cellular differentiation in different cell lines,
with one, for example, demonstrating not only the astro-
cytoma and mesenchymal elements but also neuronal
cells, Schwann cells, oligodendrocytes, and melanocytes.
Large specimens are therefore important, as small biopsy
specimens may be misleading.18,22,26,27,31–46

CLINICAL FEATURES

These tumors classically present as very large, hemi-
spheric, superficial tumors in infants. The symptoms and
signs of any large space-occupying supratentorial lesions
in infants can be expected to include, most commonly,
enlarging head circumference, bulging fontanelle, and
hemiparesis. In children over one year of age, the dura-
tion of symptoms may vary, but symptoms of raised
intracranial pressure may dominate.

Often remarkable is the sheer size of these tumors on
the radiological imaging and the relative lack of obtunda-
tion in a child with such large masses, suggesting very slow
growth of the tumor and a probable congenital origin.

On reviewing the literature, of the 18 or so DIA that
have been reported to date, they had a median age of 6.4
months (range 1.5–18 months). DIGs are slightly more
common, with 45 or more cases found in the reported
literature; the median age is five months (range 2–48
months).22,26–28,31–46

IMAGING

In addition to large size, the superficial hemispheric 
location, and dural proximity, cystic and heterogeneous
appearance and intense contrast enhancement should
alert one to the diagnosis. MRI is the preferred investiga-
tion. In addition, one should look for flow voids on MRI,
suggesting large vessels and caution at surgery. Angiogra-
phy, or magnetic resonance angiography (MRA), and
venography may be indicated in surgical planning. The
radiological characteristics have been described well in
previous reports.27,47–50

The differential diagnosis of these tumors on presen-
tation is often difficult. Most commonly, they resemble
meningiomas. The important differentiating factor is that
meningiomas in childhood are more common in the 
second decade of life and are more frequently intraven-
tricular in location, while fewer are cystic in nature.
Other possibilities are pure astrocytomas, gangliogliomas,
which are more commonly calcified, choroid plexus papil-
lomas, primitive neuroectodermal tumors (PNETs), and
DNTs.

TREATMENT

The mainstay of treatment for these tumors is surgical
resection. These tumors represent a formidable surgical
challenge due to their size, intense vascularity, and dural
attachments. However, the prognosis is excellent if full
surgical excision can be achieved, despite the often high-
grade nature of the histological specimens. Adjuvant
chemo- or radiotherapy should not be necessary. It is
important that these tumors are managed with a similar
surgical strategy, and that one is aware of their histologi-
cal nature, as they behave in a biologically similar manner.

The typical surgical characteristics of these tumors
are of a firm tumor coming to the surface of the hemi-
sphere, which is either stuck to or infiltrating the dura,
and often involving venous sinuses. They are frequently
highly vascular, but a good plane of cleavage usually
exists. Sometimes, second-look surgery may have to be
planned if the threat of blood loss is too much for a small
infant.

On reviewing the literature with regards to adjuvant
treatment, only a few reports have commented on its use,
with too few cases to draw definitive conclusions. Duffner
and colleagues report on four cases of DIG, all of which
received adjuvant chemotherapy.22 One patient had 
a complete resection, and the remaining three patients had
debulking procedures only. In those with measurable
residual disease, one had a complete response, one had 
a partial response, and one remained stable, with a follow-
up of 32–60 months. The authors concluded that follow-
ing complete resection, adjuvant treatment might not be
necessary. In a review paper, VandenBerg comments on
an 8.7-year median follow-up on 14 cases of DIG from
different institutions.33 In these cases, in which the treat-
ment modality was known in 90 per cent, 31 per cent had
near-total resection and no further treatment, 38 per cent
had surgery and radiotherapy, 23 per cent had surgery
and chemotherapy, and eight per cent had surgery and
both chemo- and radiotherapy. There were no deaths
from either residual or recurrent tumor in this group.
There was, however, one recurrence, which went on to
have a repeat complete surgical resection and adjuvant
radiotherapy, after which there was no sign of recurrence
after eight years of follow-up.

Mixed neuronal-glial tumors 399
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Pleomorphic xanthoastrocytomas

Pleomorphic xanthoastrocytomas (PXAs) (first reported
in 1979 by Kepes and colleagues24) are rare tumors of
mixed neuronal-glial differentiation. They classically pre-
sent in the second decade of life as large supratentorial
hemispheric masses.

HISTOLOGY

Histologically, these tumors have been classified previ-
ously as astrocytic tumors, because most of their cells are
GFAP-positive. More recently, however, it has been rec-
ognized that they commonly express features of neu-
ronal differentiation and desmoplasia and have much in
common with the DIAs and DIGs described above. In
fact, the common term of “desmoplastic neuroepithelial
tumor” has been proposed for PXA, DIA, and DIG.
De Chadarevian and coworkers proposed that pleomor-
phic xanthoastrocytomas might represent a lipidized form
of desmoplastic cerebral astrocytomas seen in older chil-
dren and young adults.51 The heterogeneous nature of
these tumors is similar to that of DIA and DIG, with
large areas of GFAP-positive astrocytic cells and with
more focal areas of aggressive growth. The cytoplasm of
these cells is often vacuolated, representing spaces occu-
pied by fat globules. The prominent mesenchymal or
desmoplastic feature is usually present.24,51–56

MOLECULAR BIOLOGY

A limited genetic screen of eight tumors for TP53 muta-
tions revealed missense mutations in two cases occurring
outside of the conserved domain. Neither of these cases
progressed. Loss of heterozygosity analysis for 10q and 
19q revealed no evidence of allelic imbalance. The unusual
constellation of TP53 mutations and lack of allelic loss
suggests that the genetic events resulting in PXA forma-
tion are different from those involved in diffuse astrocy-
toma formation.57

CLINICAL FEATURES

This tumor presents most commonly in the second and
third decades of life. It is typically located, like DIAs 
and DIGs, in the superficial region in association with
the leptomeninges. The temporoparietal region is the
most common location. Cysts are not uncommon. Macro-
scopically the tumors may have a yellow tinge because of
their high intracellular fat content. They tend to present
as any large hemispheric tumor in an older child, with
symptoms combining raised intracranial pressure, focal
neurological deficits, and sometimes fits.

IMAGING

The imaging features are essentially similar to those for
DIA and DIG, although not generally meeting the same

massive size as in younger children. These are hemispheric,
heterogeneous, intensely enhancing cystic masses on MRI
and CT. Angiography or MRI/MRA may be indicated for
surgical planning.12,27,47,48,58–62

TREATMENT

The mainstay of treatment is complete surgical resection.
The same rules apply as for DIG and DIA. Second-look
surgery may be appropriate in the case of initial incom-
plete resection. Preoperative chemotherapy has been
used, with good effect, to facilitate surgical resection, and
it should be considered in patients in whom primary sur-
gery is difficult.63

Information regarding the clinical behavior of PXAs
suggests that they usually have a benign clinical course,
with survival times of up to 25 years being documented
by Kepes and colleagues,64 and actuarial survival at five
years reported at 90 per cent. There are, however, some
reports of aggressive recurrences of these tumors, and
therefore caution and careful follow-up are necessary,
especially if only subtotal resection has been achieved.
There have also been reports of frankly malignant vari-
ants and even of metastases. Adjuvant treatment in these
tumors, therefore, although not usually indicated, may
have to be considered when aggressive histology is found
and the surgeon feels that a complete resection is not pos-
sible. In this case, a low-grade glioma strategy should be
adopted.24,25,47,62–75

Oligodendrogliomas

Oligodendrogliomas in childhood differ from their adult
counterparts. They are less common, accounting for just
under one per cent of all pediatric intracranial neoplasms,
and they are more frequently of a higher histological
grade.76–80 Recent literature indicates that these tumors
may be the second most common adult glioma.81

Oligodendrogliomas are usually well-differentiated,
diffusely infiltrating tumors. They occur preferentially in
the cerebral cortex, although occurrences in the posterior
fossa, brainstem, and spinal cord have been reported.76–80

Seizures are the most common presenting sign, followed
by raised intracranial pressure (headaches, nausea, vom-
iting, papilledema). Duration of symptoms varies, but it
may be prolonged.76–80 Some reports have suggested a
gender bias towards males,80 but others have found equal
incidence.78,79

PATHOLOGY

The tumor cells are arranged as sheets of cells with 
small, round homogenous nuclei, surrounded by a clear
zone, giving a “fried egg” appearance. Microcalcification
is often seen. Histologically, these tumors range from
well-differentiated, World Health Organization (WHO)
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grade II to anaplastic WHO grade III, the distinction
being made on the basis of mitotic activity, prominent
microvascular proliferation, and necrosis. The recent
description of OLIG2 as a specific marker of oligoden-
droglial tumor cells should provide a useful marker for
the diagnosis of these tumors.82

MOLECULAR BIOLOGY

Tumor-specific allelic loss has been thought to represent
the second hit resulting in the inactivation of a tumor
suppressor gene and can be detected by loss of heterozy-
gosity (LOH) analysis.83,84 Molecular studies have found
LOH for polymorphic markers on chromosomes 19q and
1p in up to 80 per cent of both low-grade and anaplastic
tumors.85,86 Additional, but less frequent, losses are seen
on chromosomes 9q (involving the P16/CDKN2A locus)
and 10q, where PTEN is one of the target genes.87,88 Recent
evidence suggests that there are two distinct molecular
pathways, the first involving loss of 1p and 19q and the
second involving the P16/CDKN2A locus, 10q loss, and
EGFR amplification.89 This also correlates with response
to treatment, as discussed below.

IMAGING

CT appearances are usually of low-density lesions with as
many as 50 per cent showing calcification. MRI reveals
mixed isointense and hypointense T1-weighted images
and hyperintense T2-weighted images.77,78

TREATMENT AND OUTCOME

Complete resection provides the best chance of long-
term progression-free survival. In pediatric series, histo-
logical grade is a strong predictor of survival, as are
tumor location and clinical features, with posterior fossa
tumors having a particularly poor prognosis.77,78 A close
correlation between clinical presentation with raised
intracranial hypertension, anaplasia, and poor outcome
has also been reported.79

Oligodendrogliomas in adults are characterized by
their sensitivity to chemotherapy with procarbazine,
lomustine, and vincristine. However, up to a third of
tumors do not respond to this regime. Interestingly, the
molecular profile of the tumors is more predictive of
response than either histopathology or clinical features.
LOH for 1p and 19q is a statistically significant predictor
of chemosensitivity and a longer relapse-free survival.
Conversely, tumors with deletions involving the P16/
CDKN2A locus fare badly.90 The importance of these
specific molecular signatures in pediatric tumors has not
yet been established.

Radiotherapy has been used variably. In one pedi-
atric series, all intermediate-grade tumors were irradi-
ated,78 while in others radiotherapy was reserved for
recurrence.79,80 In posterior fossa tumors, craniospinal

radiotherapy is indicated due to the risk of leptomeningeal
dissemination.77

GLIOMATOSIS CEREBRI

Gliomatosis cerebri is characterized by a diffuse neoplas-
tic proliferation of glial cells distributed through neural
structures, whose anatomical configuration remain intact.
The disease process is usually extensive, often involving
both cerebral hemispheres and infratentorial structures
(Table 22.1). Gliomatosis cerebri has been divided into
two forms: type I, the classic, diffusely infiltrative glioma,
with no obvious tumor mass, and type II, where diffuse
infiltrative disease coexists with a tumor mass.91 The
term “secondary gliomatosis cerebri” has also been used
to describe the remote, contiguous infiltration of tumor
cells from a previously diagnosed glioma.92,93

Although gliomatosis cerebri had been described 
previously by other authors, it was Samuel Nevin who
first coined the term to describe a group of cases with
similar pathological and clinical signs.94 Gliomatosis
cerebri is now considered a distinct and separate clinico-
pathological entity rather than a non-specific pattern of
glial infiltration.

Clinical features

The clinical diagnosis of gliomatosis cerebri is very diffi-
cult because of the variability of the symptoms (which
include mental changes, ataxia, headaches, seizures, and
nausea) and the lack of focal neurological signs in the early
course of the disease.91,93–99 The pre-diagnostic sympto-
matic interval ranges from days to 23 years, although the
majority of patients are symptomatic for less than 12
months (Table 22.2).91 In the pre-modern imaging era,
gliomatosis cerebri was usually diagnosed at postmortem.

The peak age incidence is 40–50 years, but gliomato-
sis cerebri has been reported in the neonatal period.91

Gliomatosis cerebri has been reported in association 
with neurofibromatosis type 1 (NF-1), and in one review
almost ten per cent of patients were reported to have this

Table 22.1 Anatomical localization of gliomatosis cerebri91

Location %

Cerebral hemispheres 76
Mesencephalon 52
Pons 52
Thalamus 43
Basal ganglia 34
Cerebellum 29
Leptomeningeal involvement 17
Hypothalamus/optic pathway/spinal cord 9
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condition.96,100 An association with epidermal nevus syn-
drome has also been reported.

Overall, the prognosis is poor. Given the difficulties in
making this diagnosis of exclusion, survival is best deter-
mined from the onset of symptoms. In the largest series
analyzed, 52 per cent of patients were dead within 
12 months, with only 15 per cent surviving more than 
36 months.91

Imaging

MRI is superior to CT scanning in detecting gliomatosis
cerebri.98 MRI findings include poorly defined and dif-
fuse high signal intensity on T2-weighted images. A mass
effect is often apparent. Gadolinium enhancement is sug-
gestive of malignant transformation.101,102,103 It is the
extensive infiltrative appearances that suggest the diag-
nosis of gliomatosis cerebri (Figure 22.1).

Positron-emission tomography (PET) scanning in
gliomatosis cerebri has shown that the cortical gray mat-
ter is hypometabolic compared with normal gray mat-
ter.101 Hypometabolic regions corresponding to the most
obvious MRI abnormality have also been reported in two
cases of childhood gliomatosis cerebri, with a third case
showing a hypermetabolic signal.91 These findings sug-
gest that the cerebral cortex becomes functionally dis-
connected owing to the infiltrative nature of gliomatosis
cerebri, which in turn may account for the high inci-
dence of dementia noted in the course of this disease.

Histology

Gliomatosis cerebri is characterized by the widespread
infiltration of neoplastic glial cells, with minimal destruc-
tion of pre-existing structures. Perineuronal, perivascular,
or subpial tumor collections may be seen. The infiltrating
cells may vary from small cells with little cytoplasm to

cells with moderate cytoplasm. The nuclei vary from
elongated, to oval, to round. A wide variation in cellular-
ity and cytological composition is often seen. The histo-
logical features generally associated with localized
anaplastic astrocytoma and glioblastoma multiforme, such
as vascular proliferation in necrosis, are not usually seen in
gliomatosis cerebri.99 Mitotic activity is variable. GFAP is
reported to be positive in the majority of cases.96 Electron
microscopic study reveals a neoplastic process of small,
undifferentiated elements, transitional forms of astroglial
to oligodendroglial, and anaplastic cells of astrocytic origin
in all stages of development.104

The KI-67 labeling index has been shown to have a
prognostic value in one study. An increased staining pat-
tern was associated significantly with poor prognosis.98

This factor therefore deserves further evaluation.
Nevin hypothesized that gliomatosis cerebri com-

prised mainly blastomatous malformations arising from
a congenital defect, but he recognized the difficulty in
determining where malformation ended and true tumor
formation began.94 Whether gliomatosis cerebri arises as
a diffuse infiltrating lesion from a single focus,105 as a mul-
ticentric origin with centrifugal infiltration,94,106 or as 
a process of diffuse malignant transformation93 is unclear.

The cell of origin is unknown, although most cases
show similar phenotypic features to astrocytomas. There
are occasional cases in which the predominant cell type is
oligodendroglial.93,96,107–111 Gliomatosis cerebri is there-
fore still included in the group of neuroepithelial tumors
of unknown origin.112 Classic and molecular cytoge-
netic analysis of one case of gliomatosis cerebri from a
12-year-old boy revealed 44.XY, del(6)(q25), del(14) (q21),

Table 22.2 Presenting symptoms of gliomatosis cerebri91

Clinical sign % (n � 110)

Cortical spinal tract deficits 58
Dementia/mental changes 44
Headache 39
Seizures 38
Raised intracranial pressure 37
Cranioneuropathies 33
Spinocerebellar deficit 33
Mental status changes/behavioral 20
changes/psychoses

Sensory changes 18
Visual alterations 17
Pain 3

Figure 22.1 Gliomatosis cerebri.
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del(15,21)(q10;q10), add18(q22), del(19)(p12), add(20)
(p13),-21. A smaller proportion of cells had 88 chromo-
somes, with a doubling of the abnormal karyotype, con-
sistent with a clonal neoplasm arising from a single cell.111

However, in one other case investigated at the molecular
level, opposite patterns of chromosome X inactivation in
tissue sampled from different regions of an apparently
contiguous lesion suggest at least a dual origin of this
condition instability.112 Gliomatosis cerebri may there-
fore result from “collision gliomas.” Microsatellite insta-
bility was also noted in the latter case, a finding common
to other malignant gliomas.113 Interestingly, in the one
case analyzed at the cytogenetic level, the chromosomal
changes are distinct from those normally seen in malig-
nant gliomas.111 More research is needed to determine
whether gliomatosis cerebri belongs to a separate cate-
gory of brain tumors. Why the transformed glial cells
lose anchorage dependence to become migratory as well
as proliferative is unclear.

Treatment and management

Gliomatosis cerebri is a diagnosis of exclusion and there-
fore requires biopsy confirmation, which should ideally
be performed stereotactically. However, there is often 
a poor correlation between biopsy and autopsy find-
ings.94,96,114,115 Diagnosis from cerebrospinal fluid (CSF)
has been reported, but lumbar puncture may be haz-
ardous in this condition.116 The management of raised
intracranial pressure is important and may provide relief
of symptoms, either by inserting a shunt or resecting
areas of edematous brain tissue to relieve the mass effect.
However, because of the diffuse infiltrative nature of this
disease, surgery is rarely more than palliative.

The role of radiation therapy remains unclear. Three
papers suggest that radiotherapy may at least provide a
survival advantage.97,98,117 Twelve of a group of 16 adult
patients with imaging- and biopsy-proven gliomatosis
cerebri and receiving more than 50 Gy of whole-brain
radiotherapy were surviving, with a median follow-up 
of 80 months.98 Whole-brain radiotherapy using 50 Gy
would therefore appear to have some merit and is recom-
mended therapy, but it requires further evaluation.

Whether gliomatosis is indeed a distinct entity or just
one end of the spectrum of glioblastoma multiforme 
is unclear. Further research may help to unravel this
conundrum.

HYPOTHALAMIC HAMARTOMAS

Hypothalamic hamartomas are congenital malforma-
tions consisting of ectopic neurons of variable maturity
and glial cells arranged irregularly in a fibrillary matrix.

They arise from cells forming the hypothalamic sulcus,
which divide the diencephalon into a dorsal (thalamus)
and a ventral (hypothalamic) region. These tumors typi-
cally form below the tuber cinerium, posterior to the
pituitary stalk. The tumors may be pedunculated or ses-
sile.118 Hypothalamic hamartomas have been categorized,
on the basis of the MRI appearance, into panhypo-
thalamic and intrahypothalamic.119

Hypothalamic hamartomas are frequently seen in the
context of congenital syndromes associated with cranio-
facial and skeletal anomalies.120 Screening for hypothala-
mic hamartomas by MRI scanning is recommended in
the Pallister–Hall syndrome (an autosomal dominant
condition characterized by oral-facial, cardiac, lung, renal,
genital, anal, and limb malformation). Other pre-
disposition syndromes include the oral-facial-digital syn-
drome type 5 (Varadi syndrome) and several cases of
holoprosencephaly.121,122

Hypothalamic hamartomas can be asymptomatic, but
they are frequently associated with precocious puberty
and/or gelastic seizures. High-quality neuroimaging is
therefore mandatory in any child with either symptom.
Behavioral problems such as aggression and impairment
of memory are also reported. Panhypothalamic tumors
tend to be associated with precocious puberty, while
intrahypothalamic tumors are more frequently associ-
ated with epilepsy and developmental delay/behavioral
disorders.119

Hypothalamic hamartomas appear as well-defined,
non-enhancing lesions that are isointense on T1 but 
may be hyperintense on T2 MRI (Figure 22.2).123 These
lesions usually remain the same size for considerable
periods of time.124

Both precocious puberty and gelastic epilepsy can be
controlled medically. Gonadotrophin-releasing hormone
(GnRH) agonist analogs effectively and safely control pre-
cocious puberty with few long-term side effects.125–127 The
management of gelastic seizures may be more difficult,
especially with increasing time,126 and there has been an

Figure 22.2 Leptomeningeal melanoma.
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increasing trend for symptomatic lesions to be removed
surgically.128–130 Although complete resection can reverse
precocious puberty and cure the gelastic seizures, a num-
ber of reports have found that surgery was only partially
effective in controlling seizures.123,130 The procedure is
not without surgical risk, although the use of surgical
navigational devices may have favored better surgical
results.130,131

The successful use of focal radiotherapy (radio surgery)
has also been reported in a few cases, but the late effects of
this form of treatment are unclear and warrant careful
consideration before recommending this approach.132

PINEAL PARENCHYMAL TUMORS

Pineal parenchymal tumors account for between two and
eight per cent of pediatric brain tumors. Approximately
half of these are germ-cell tumors, a third are pineal
parenchymal tumors, and most of the others are astrocy-
tomas. The management of germ-cell tumors is discussed
in Chapter 18a and that of astrocytomas in Chapters 13a,
13b, and 14.

Pineal parenchymal tumors arise from pineocytes.
These are cells with neuroendocrine and photosensory
functions. The WHO classification includes pineocytoma
(WHO grade II), pineoblastoma (WHO grade IV), and
pineal parenchymal tumors of intermediate differentiation.

Pineoblastomas

Pineoblastomas are malignant primitive embryonal
tumors that are now considered to be within the group of
PNETs. They are managed along the same lines as other
PNETs (see Chapter 16).

Pineocytomas

Pineocytomas account for approximately 45 per cent of
pediatric pineal parenchymal tumors. They are typically
slow-growing and composed of small, uniform, mature
cells resembling pineocytes, with occasional large pineo-
cytomatous rosettes. They generally occur in older children,
particularly in the teenage years. Patients often present
with symptoms and signs of raised intracranial pressure.
As with other pineal area tumors, patients often present
with Parinaud’s syndrome, which consists of paralysis of
upward gaze, nystagmus, eyelid retraction, and pupils
that react more to light than to accommodation. On
MRI, pineocytomas are generally well-circumscribed,
contrast-enhancing, and hypodense on T1- and hyper-
dense on T2-weighted images. Leptomeningeal spread is
rare133 but has been described.134

Treatment should be with surgical resection where fea-
sible. If complete or subtotal resection is achieved, then the
outcome is generally good; it is uncertain whether adju-
vant treatment is appropriate in these circumstances.135

Following partial resection or biopsy, postoperative radio-
therapy is generally employed using focal fields to a dose of
50–55 Gy. Following this approach, five-year survival of
86 per cent has been achieved.136

Pineal parenchymal tumors of 
intermediate differentiation

Pineal parenchymal tumors of intermediate differentia-
tion are rare. They account for approximately ten per
cent of pineal parenchymal tumors. Management has
varied from surgery alone135 to craniospinal radiother-
apy.136 It is unclear as to how these rare tumors are best
managed.

INTRACRANIAL MELANOMAS AND 
OTHER MELANOTIC TUMORS

Primary melanoma arising in the central nervous system
(CNS) may present as a focal mass in the brain or spinal
cord or as diffuse leptomeningeal disease.137–139 Approxi-
mately 20 per cent of children with primary cutaneous
melanoma develop brain metastases.140

Primary leptomeningeal melanomas

Primary leptomeningeal melanomas arise from malignant
transformation of melanocytes that are normally found
distributed sparsely throughout the leptomeninges.137–139

Approximately 25 per cent of cases occur in association
with neurocutaneous melanosis (NCM), which is charac-
terized by numerous and/or large congenital nevi in
association with pigmentation of the leptomeninges.
NCM commonly occurs before the age of ten years,
with most patients presenting below the age of two
years.137,139,141,142 The majority of patients are asympto-
matic until the time of presentation, which is usually
with an acute intracerebral event. In view of the rarity of
the condition, the association between cutaneous and
cerebral melanosis is not always appreciated immedi-
ately. Patients with nevi in a posterior axial location on
the neck, head, back, and/or buttocks are at a greater 
risk of developing malignant CNS manifestations of
NCM.143,144

Diffuse involvement of the basal leptomeninges from
meningeal melanosis, whether or not it is associated with
cutaneous signs, may be associated with a communicat-
ing hydrocephalus. NCM is associated with the Dandy–
Walker syndrome. The clinical presentation in infancy
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tends to be more acute, while children presenting later in
life may have more chronic symptoms. Neuropsychiatric
presentations including depression and psychosis have
also been reported.145,146 The development of symptoms
related to raised intracranial pressure can predate the
appearance of malignant change of the leptomeningeal
lesions. Progression of neurological symptoms is usually
rapid, even in the absence of malignant transformation,
and the overall prognosis is poor.147

Primary leptomeningeal melanoma is a highly malig-
nant tumor characterized by marked cellular pleomor-
phism, mitoses, necrosis, and hemorrhage. Metastases
may be propagated by a ventricular peritoneal shunt.148

CSF examination can help to make the diagnosis, as
large pigment-bearing cells can be identified microscop-
ically. Immunohistochemical analysis and electron micro-
scopy may also help to confirm the diagnosis.

IMAGING

MRI is the investigation of choice, most cases exhibiting
a high signal on T1-weighted images (Figure 22.2).
Gadolinium enhancement can be suggestive of malig-
nant transformation.103 Intracranial melanomas are
prone to bleeding, and the signals seen on MRI can
therefore vary considerably.

TREATMENT

The surgical management is limited to achieving a his-
tological diagnosis, as the widespread involvement of
the CNS usually precludes total excision. However, mela-
nomas forming a discrete mass tend to have a better pro-
gnosis, particularly if complete surgical resection is
possible.138,149,150

Chemotherapy is therefore the main mode of tumor
control. Numerous chemotherapy agents and regimes
have been employed in treating CNS melanoma. Temozo-
lamide, dacarbazine (DTIC), tamoxifen, cisplatin, fote-
mustine, and interferon alfa-2b have all been used.151

Nearly all patients with NCM and with CNS melanomas
will have multifocal or widespread involvement. Long-
term survival from this disease is rare.139 Malignant
melanoma is widely considered to be a radio-resistant

tumor.152 However, dexamethasone and radiotherapy
may offer a useful form of palliation.153

Benign melanocytic tumors in infancy

These primary melanotic tumors of the meninges usu-
ally present as extra-axial, intradural masses that may
compress the adjacent brain. The lesions occur most fre-
quently in the posterior fossa and upper cervical spine.
They show a local aggressive behavior, but distant metas-
tasis is extremely unusual. Intracranial lesions are more
likely to recur than spinal cord tumors.154

Melanotic neuroectodermal 
tumors of infancy

Melanotic neuroectodermal tumors of infancy (MNTIs)
are predominantly benign, pigmented neoplasms occur-
ring in the first year of life. They are derived from the
neural crest.155–161 Table 22.3 shows the distribution of
cases of MNTIs according to the site of origin of disease.
Although considered benign, MNTIs may demonstrate
locally invasive behavior, and a number of case reports
have documented overt malignant potential.155,160,162,163

However, it is possible that these cases may now be diag-
nosed as neuroblastomas or PNETs. CNS involvement 
of MNTIs is controversial. The local recurrence rate is
reported to be 10–15 per cent.164

The majority of intracranial lesions occur within the
cerebellum, and many authors believe them to be a vari-
ant of medulloblastoma. In addition, the age distribution
and malignant behavior of these tumors are different
from MNTIs at other sites.158

PATHOLOGY

MNTIs usually present as firm, lobulated, well-
circumscribed masses, compressing but not infiltrat-
ing local structures. Microscopically, these tumors are
arranged in irregular alveolar, pseudoglandular, and
tubular structures separated by dense collagenous
stroma.158 Electron microscopy may aid diagnosis.160

Table 22.3 Distribution of cases of melanotic neuroectodermal
tumors of infancy (MNTIs) by site of origin of disease155–159

Site of disease Cases (n)

Maxilla 125
Skull 26
Epididymis 19
Mandible 12
Brain 12
Mediastinum 2
Other (single case reports) 10
Total 206

Diagnostic criteria for neurocutaneous
melanosis141

• Large (diameter 20 cm) or multiple (more than 3)
congenital nevi with meningeal melanosis or
melanoma.

• No evidence of cutaneous melanoma, except in
patients with benign meningeal lesions.

• No evidence of meningeal melanoma, except in
patients with benign skin lesions.
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The immunohistochemical profile adds weight to the
argument that MNTIs are of neural crest origin. MNTIs
stain positively for neuron-specific enolase (NSE) and 
S-100 protein. HMB-45 positivity in the epithelial cells of
MNTIs demonstrates them to be melanocytes actively
producing melanin.158 There are no distinguishing gross
or histological characteristics that are useful in predict-
ing which tumors have aggressive or malignant potential.

It is essential that MNTIs are distinguished from
melanomas and from other neural-crest-derived tumors,
such as neuroblastoma. Molecular cytogenetic studies
are therefore mandatory.

CLINICAL PRESENTATION AND TREATMENT

Although the mainstay of treatment for MNTI is surgery,
the extent of surgical resection is controversial. Numerous
reports have advocated allowing residual portions of
tumor to remain if radical excision would be mutilat-
ing.165,166 Other authors have recommended more aggres-
sive treatment with wide excision of the primary tumor,
including a layer of normal bone around the margins.167

As conservative surgery is so successful, an aggressive
approach has to be questioned, particularly as the major-
ity of cases are eventually cured with repeated surgery
even when recurrences arise.

Cytotoxic chemotherapy has been used, with limited
success, in the treatment of MNTI. Active agents include
cisplatin, doxorubicin, vincristine, etoposide, and cyclo-
phosphamide.168 Radiotherapy has no proven role in the
treatment of MNTI.

PEDIATRIC MENINGEAL TUMORS

Primary tumors of the meninges are uncommon in child-
hood and adolescence, and their characteristics in com-
parison with their adult counterparts are controversial.
The incidence of adult meningiomas in most series of
intracranial tumors varies between 13 and 27 per cent.
However, in children, the reported incidence of meningeal
tumors in primary CNS tumors is much lower, varying
between 0.5 and 4.2 per cent, with up to 38 per cent of
these being reported as meningeal sarcomas.169–193

The broadly grouped meningioma patients present-
ing after ten years of age behave like adults, although
there are differences in their location and sex distribu-
tion. The malignant meningeal group, on the other hand,
usually presents in the first few years of life, and has a sig-
nificantly worse survival.

Histology

The histology of many pediatric meningiomas is indis-
tinguishable from their adult counterparts, falling into

the usual subtypes of meningioma, which have been well
described, including meningothelial, papillary, fibroblas-
tic, transitional, syncytial, angioblastic, and psammoma-
tous. The relevance of subtype to prognosis is less well
established.

Some reports suggest a higher incidence of malignant
behavior, although in one review of the combined series,
incidences of four per cent for malignant meningiomas
and 11 per cent for sarcomas were reported.182 It is inter-
esting that in a large series of 936 adult meningiomas,
Jaaskelainen and colleagues reported an incidence of
94.3 per cent benign, 4.7 per cent atypical, and one per cent
anaplastic tumors.194 Part of the confusion is because
many, although not all, pediatric series have included
meningeal sarcomas or other malignant meningeal neo-
plasms in their series, lending weight as a whole to the
argument that meningeal tumors are more commonly
malignant in children. These pediatric meningeal sarco-
mas are reported to varying degrees, but they would
appear to be relatively more common, with reports rang-
ing from four to 16 per cent. 171–193

The definition of malignant meningiomas is not clear.
Neither the classification of meningiomas by Russell and
Rubinstein8 nor that by the WHO includes sarcomas.
Jaaskelainen and colleagues propose a cytological grading
and classification for meningiomas, including sarcomas
(1, benign; 2, atypical; 3, anaplastic; 4, sarcomatous).194

Another histological subtype reportedly more common in
children is the papillary meningioma. This is character-
ized by perivascular pseudorosettes, separated from ves-
sels by a fine reticulin border. These are usually associated
with cytological features suggestive of malignancy and
carry a worse prognosis.194–206

CLINICAL FEATURES

The meningiomas present with a median age of 11–13
years, and the malignant group presents with a median
age of two to three years. Sixty to 80 per cent of patients
with meningiomas in adults are female, a predominance
that is lacking in pediatric series. In fact, a slight male
preponderance has been observed in several series, as
summarized by Drake and colleagues, in which 53 per
cent of 278 pediatric meningiomas reviewed collectively
since 1972 were male.182 This difference may be due to
the presence of circulating estrogens in adult females
affecting the development of meningiomas later in life.

The commonest presenting symptoms are those of
raised intracranial pressure (headache, vomiting, drowsi-
ness) and focal neurological deficit affecting the limbs or
cranial nerves. Epilepsy is also a presenting symptom in
up to 25 per cent of meningiomas and 40 per cent of
malignant meningeal tumors. Other symptoms include
gross frontal bossing, proptosis with optic nerve sheath
meningioma, visual disturbance, deafness, and ataxia.
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The median duration of symptoms is around four to
eight months for meningiomas and four to nine weeks for
the malignant tumors. It is clear that the malignant group
has a more rapid onset of symptoms, and all present with
focal neurological deficit and symptoms of raised intracra-
nial pressure, suggesting advanced disease at presentation.

With regard to location, 90 per cent of the tumors in
this age group are supratentorial, and a high proportion
(11–31 per cent) of the meningiomas are intraventricular.
Adult series of meningiomas have reported an incidence
of between two and five per cent for an intraventricular
location.

NF-1 and neurofibromatosis type 2 (NF-2) are rela-
tively common in meningiomas. Large series of pediatric
meningiomas report an incidence of 23–24 per cent for
neurofibromatosis, with spinal and optic nerve sheath
meningiomas being more common.172,174,182,183,187,195,207

Imaging

Radiological features of childhood meningiomas do not
differ significantly in adults. They are typically hemi-
spheric and superficial, with dural attachment. Around 50
per cent show calcification, cystic transformation being
more common in children. The solid portion of a menin-
gioma typically shows strong and uniform enhancement
on both CT and MRI. One must be aware of more unusual
locations in children, e.g. intraventricular, and occasion-
ally with no dural attachment.48,192,198,199,202,208–210

Treatment and results

The treatment of choice for these tumors is complete
surgical resection, even if this is done in two stages. The
operative mortality in early series of pediatric menin-
giomas was high, probably because of the lack of modern
medical support. Thankfully, this has dropped signifi-
cantly, but one must be mindful of blood loss and attach-
ment to vessels and neurological structures, such as cranial
nerves, at surgery. Preoperative angiography and/or embo-
lization may have a role in large tumors. Complete resec-
tion is effected in only 54–58 per cent of reported cases
due to these difficulties.

In the case of complete resection of meningiomas, no
further adjuvant treatment is indicated.

The role of radiotherapy is difficult to evaluate in
pediatric meningiomas in subtotal resections due to the
small numbers. Second-look surgery should always be
considered if possible. In the more histologically aggres-
sive tumors, adjuvant therapy is usually indicated, either
as conventionally delivered or as stereotactic radiother-
apy to small residuals.

Jaaskelainen and colleagues found that four of five 
adult anaplastic meningiomas recurred despite complete

excision and radiotherapy.194 Wilson has reported
improved survival for malignant meningiomas in adults
when adjuvant radiotherapy has been given.211 Wilson
also reports improved progression-free survival of adults
with subtotally removed meningiomas and receiving
radiotherapy in the post-1980 era.211 Similar results have
been observed by Goldsmith and colleagues.212 One of the
problems with the pediatric group, however, is that
patients with poorly differentiated tumors are often under
three years of age, and therefore radiotherapy is generally
contraindicated. Hence, there are few data on the role of
radiotherapy in pediatric series of meningiomas.

In their review of the literature, Drake and colleagues
reported that calculated survival rates of 76 per cent at
five years and 55 per cent at 15 years were obtained. These
rates increased to 84 and 63 per cent, respectively, when
meningeal sarcomas were excluded. The presence of
recurrence lowers the survival rates to 64 and 35 per cent
for five and 15 years, respectively, in meningiomas. The
other factor in outcome is the completeness of tumor
removal.182

The survival rates for sarcomatous meningiomas are
much lower: five- and 15-year survival rates are at best 44
and 27 per cent, respectively.172,177,181,182,184,195,201,213

In conclusion, although pediatric meningeal tumors
include a relatively high proportion of malignant, poorly
differentiated neoplasms that are associated with poor
prognosis, meningiomas themselves are associated with
good long-term survival following complete resection.

SKULL AND SKULL-BASE TUMORS

Chordoma

As the name would suggest, chordomas develop from
vestigial remnants of the primitive notochord.214 How-
ever, their aggressive clinical behavior belies the suffix
“–oma.” Chordomas present as slow-growing, locally
invasive masses, often with extensive bony destruction.
Less than five per cent of all chordomas are diagnosed
within the pediatric population.215 Chordomas are more
common in boys than girls, and familial clusters have
been described. The gene for familial chordoma has been
linked to 7q33 by linkage analysis.216

Chordomas can arise anywhere within the axial skele-
ton, but they occur most frequently at either end of the
spinal cord, i.e. at the base of the skull (predominantly in
the spheno-occipital region) and in the sacrococcygeal
region.217–219 They can also occur in vertebral and extra-
axial sites, such as the facial bones, sinuses, and medi-
astinum.217–219 Most chordomas are extradural in origin.

There is a greater tendency for chordomas of childhood
to metastasize, particularly those presenting in children
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under five years of age.217–219 Metastasis is predomi-
nantly to lung and then bones.217–219 A report has identi-
fied loss of heterozygosity for the retinoblastoma gene in
highly aggressive chordomas.220

HISTOLOGY

Histologically, chordomas can be divided into classic 
and atypical variants. The classic form consists of cords,
strands, and clusters of small polygonal cells, with
eosinophilic cytoplasm and small hyperchromatic or
larger vesicular nuclei in a myxoid matrix. The atypical
form, which is more common in childhood, has a sarco-
matoid appearance, with round epitheloid or spindle cells
arranged in sheets, clusters, or solid nodular masses. Areas
of necrosis may be seen. Immunohistochemical profile
reveals reactivity, with antibodies to vimentin, cytoker-
atin, epithelial membrane antigen, and S100.218,219,221

Electron microscopy is a useful diagnostic adjunct.
Clinical presentation is often late, with a prolonged

history of symptoms related to tumor invasion or pres-
sure on local structures. Intracranial hypertension and
sixth cranial nerve palsies are the most common present-
ing features. There may be quadriparesis, dysphagia,
dysarthria, and torticollis, reflecting anterior or posterior
extension of a clival primary tumor.217,218 Lower cranial
nerve palsies are also reported.217,218

Investigation with X-rays and CT/MRI will define the
extent of the tumor and is essential for radiotherapy
planning.222

Surgery has a definitive role in the management of
chordomas. Radical local excision is associated with 
a better outcome.223,224 In predominantly adult series,
a radical total or near-total excision is achieved in 40 per
cent of cases; although different surgical approaches 
have been reported, the overall success and morbidity are
similar.223–225 The restrictions on wide surgical excision,
imposed by the tumor site, lead to a high incidence of
local recurrence and a poor prognosis.223

Most series show a survival advantage to adjuvant
radiotherapy, but the optimal conventionally delivered
dose is unclear.222 Charged-particle radiation therapy
(proton-beam radiotherapy) appears to give the best
local control.222,226 How this is best delivered is still
debatable.225,226 Salvage treatment following radiother-
apy is rarely successful.

Chemotherapy using regimes that incorporate ifos-
famide and doxorubicin has been reported as active.
Treatment on a sarcoma protocol that includes ifosfamide
and an anthracycline, such as the six-drug arm of the
malignant mesenchymal tumor (MMT) ’95 trial, is there-
fore appropriate.227 This raises the possibility that pre-
operative chemotherapy may lead to tumor shrinkage,
thereby improving the surgical resection rate and per-
mitting less extensive radiation fields. Given the risks of

extensive surgery and radiation, we feel that a trial of pre-
operative chemotherapy is justified in patients in whom
there is no immediate risk of neurological deterioration.

Proton radiotherapy for skull-base tumors

This physical dose distribution from proton
radiotherapy with its sharp cut-off beyond the target
volume (Bragg peak) has been used in adults to treat
chordomas of the base of skull. These tumors are
generally difficult to irradiate because of their close
proximity to the brainstem. However, the dose
distribution from protons allows an escalation of
radiation dose adjacent to radiosensitive structures.
The role of proton radiotherapy in skull-base
chordoma has been established in a number of series
from the Massachusetts General Hospital. In one
report, actuarial local control rates for 115 adult
patients with base-of-skull chordomas and treated
between 1978 and 1993 were 59 per cent at five years
and 44 per cent at ten years.228 Treatment of children
with base-of-skull and cervical-spine chordomas has
also been shown to be effective. Eighteen children
aged between four and 18 years were treated at the
Massachusetts General Hospital and Harvard Medical
School with a mixed photon/proton regimen.229 With
a median follow-up of 72 months, the five-year
actuarial overall and disease-free survival rates were
68 and 63 per cent, respectively. Long-term effects
were acceptable. Two children developed growth
hormone deficiency, three developed impaired
hearing, and one required surgical excision of an area
of temporal necrosis, which had resulted in epilepsy. A
later series of children aged between one and 19 years
and treated with proton radiotherapy for a variety of
skull-base tumors has been reported from the same
institution.230 The malignant diagnoses in this group
included chordoma (ten), chondrosarcoma (three),
rhabdomyosarcoma (four), and other sarcomas
(three). The benign diagnoses included giant-cell
tumors (six), angiofibroma (two), and
chondroblastoma (one). Radiotherapy doses ranged
between 50.4 and 78.6 cobalt gray equivalent (CGE).
With a median follow-up of 40 months (range 13–92
months), local tumor was controlled in six (60 per
cent) patients with chordoma, three (100 per cent)
with chondrosarcoma, four (100 per cent) with
rhabdomyosarcoma, and two (66 per cent) with other
sarcomas. One patient with a giant-cell tumor has
experienced a local failure, and the other patients with
benign diagnoses have maintained local tumor
control. Proton radiotherapy is available in very 
few institutions, and further clinical research 
seems justified.
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Chondrosarcomas

Chondrosarcomas are less common than chordomas.
Apart from the mesenchymal variant,231,232 these tumors
have an indolent behavior warranting their considera-
tion separate from chordomas.233,234 These tumors are
thought to originate from either primitive mesenchymal
cells or cartilaginous rests that have failed to ossify.235

Most arise along the base of the skull, where the chon-
drocranium is formed. There is a male predominance 
in most case series.233,234 An association with Ollier’s and
Maffucci syndromes has been reported.236,237

Radical surgical resection is the treatment of choice,
with the caveat of minimizing potential side effects in this
indolent tumor. The role of radiotherapy in chondrosar-
coma is unclear. Although radiotherapy is often delivered,
there is no clear indication for its use.225,238

Mesenchymal chondrosarcomas

It is important to distinguish mesenchymal chondro-
sarcomas from the more benign chondrosarcomas.
Although predominantly a bone tumor, a significant
number of cases arise from the meninges.231,239,240 Almost
half of the reported cases have occurred in childhood.

The clinical signs are predominantly of headache and
focal neurology dictated by the tumor location. Histologi-
cally, two predominant components are apparent: undif-
ferentiated mesenchymal cells and bland cartilage.

Radical surgical resection is indicated. Due to the
propensity to local recurrence, radiotherapy is indicated,
particularly in incomplete resections.231 Distant metasta-
sis have been reported. Although chemotherapy has 
been advocated, its efficacy is unclear.240

Schwannomas and acoustic neuromas

Neuromas or schwannomas are benign neoplasms pre-
sumed to arise from the normal Schwann cells that sur-
round peripheral nerve axons. They are very rare in
children, and they are most commonly, but not always,
associated with NF-2.241 Acoustic neuromas usually arise
from the sensory component of the eighth (vestibular
part) cranial nerve.242–4

HISTOLOGY

Typically, these tumors grow in the epineurium of the
nerve, leaving the normal nerve tissue separate from the
truly encapsulated tumor. This results in gradual attenua-
tion of the nervous tissue. Infiltration is rare but has been
reported, especially associated with NF-2. Typical schwan-
nomas have biphasic growth patterns, with solid tissue
(Antoni A) composed of spindle cells in fascicles and loose
tissue (Antoni B) composed of stellate cells with smaller,

rounder nuclei. Sometimes, these tumors demonstrate the
classic palisading of nuclei Verocay bodies, which are
pathognomic and present in Antoni A areas.

The schwannoma cells are invariably immunopositive
for S100 protein, low-affinity nerve growth factor recep-
tor, and Leu-7 antibodies. Occasionally, they display some
cells positive for GFAP and other unusual histological
features, such as melanin formation (melanotic schwan-
nomas have been described). NF-2 is known to result
from mutations in the 22 chromosomes, the normal gene
product of which is called merlin. The majority of spo-
radic schwannomas, and indeed meningiomas, also have
a somatic mutation in this gene.

CLINICAL FEATURES

The classic schwannoma seen in the CNS is the acoustic
neuroma. This classically presents in the cerebellopon-
tine angle of the posterior fossa. The most usual age of
presentation in children is the second decade of life. The
most common presenting features are tinnitus and slow,
gradual sensineural hearing loss. These tumors are com-
monly seen in NF-2 as bilateral tumors. However, they
have been reported in isolation as sporadic unilateral dis-
ease, albeit extremely rarely, with only 39 reports in the
literature in children under 16 years of age.

The next most common site for CNS neuromas is 
on the fifth cranial nerve. Schwannomas have also been
described arising in the parenchyma of the CNS. Thus,
there are case reports of schwannomas in the cerebral
hemispheres, brainstem, ventricles, and spinal cord. These
unusual locations can be rationalized by the presence of
peripheral nerve fibers (usually autonomic) in vascular
walls and leptomeninges.

Among adults with acoustic neuromas, 90 per cent
present with unilateral hearing loss and tinnitus. In chil-
dren, this often goes unnoticed for months and years,
until they develop cerebellar signs, facial and other cra-
nial nerve palsies, or symptoms of raised intracranial
pressure from obstructive hydrocephalus.

In cases associated with NF-2, the children may have
other manifestations of the disease, including neurofibro-
mas, meningiomas, gliomas, posterior subcapsular lens
opacity, and cerebral calcification. NF-2 has an autosomal
dominant pattern of inheritance with high penetrance.
Fifty per cent of new cases of NF-2, however, present as
new mutations. The presence of bilateral acoustic neuro-
mas in a child is diagnostic of NF-2. In the presence of uni-
lateral disease, other features of NF-2 should be looked for.
The screening process should include whole-CNS MRI
with contrast, skin examination for café-au-lait spots,
eye examination for posterior capsular cataracts and
Lisch nodules, and genetic studies for germ-line muta-
tions. This screening should be offered to first-degree 
relatives of the affected child.179,241–258
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TREATMENT

Although these tumors are usually benign, treatment can
be associated with a high morbidity. As they are very slow-
growing, the timing of treatment in terms of preserva-
tion of function is very important, especially in bilateral
acoustics.

Surgical management is very much a multidiscipli-
nary approach. The participation of the neurophysiolo-
gist is extremely important. Preoperative assessment of
seventh and eight nerve functions is very important.
Intraoperative monitoring of both facial and acoustic
nerve functions is also important. Because pediatric neu-
rosurgeons will come across these tumors very rarely, it is
recommended that adult neurosurgical and otological
surgeons are consulted and involved in the surgery. These
skull-base teams will have a much greater experience
with removing these tumors safely and with minimum
morbidity.

Acoustic neuromas can be approached by a vari-
ety of surgical routes, the lateral suboccipital and
translabyrinthine approach being the most common.
The aim should be complete resection with facial nerve
preservation. The preservation of hearing is now also
commonly reported in non-NF-2 patients, at least with
smaller tumors. Unfortunately, the results for NF-2
patients are not so good, which impacts further on the
fact that these patients have bilateral disease. In these
patients, an initial conservative approach to manage-
ment is often recommended initially, with six-monthly
MRI over a few years to establish rate of growth. Surgery
can be deferred until (i) rapid tumor growth is established
(�1 cm/year), (ii) there are signs of brainstem compres-
sion, (iii) the presence of hydrocephalus is detected, and
(iv) the presence of hearing discrimination in the affected
ear is detected.

The other main treatment that is being evaluated is
stereotactic radiotherapy. This has been established, at
least in adults, as a useful alternative in the management
of these tumors. Most series report tumor control rates
with this technique of 90 per cent. There is variation in
the reported risk to facial nerve and acoustic nerve dam-
age, based on different tumor sizes and techniques.
However, preservation of hearing, so important to NF-2
patients, is still poor.241–243,247,248,251,252,255,257
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THE THERAPEUTIC CHALLENGE OF
PEDIATRIC BRAIN TUMORS

In recent decades, the formation of cooperative groups,
including the Children’s Oncology Group (COG) in North
America and the Société International d’Oncologie
Pédiatrique (SIOP), has brought together medical, scien-
tific, and nursing professionals to provide coordinated
care for children with malignancies. Their integrated
efforts have given rise to a greater understanding of the
biology of childhood cancers and enabled the develop-
ment of effective multimodality treatments. As a result,
the overall probability of cure for childhood malignancy
has more than tripled in the past 30 years.1 However,
this success has not occurred equally in all pediatric can-
cers. Most notably, and with few exceptions, the outlook 
for children with brain tumors has remained largely
unchanged.

There are many reasons why tumors derived from
cells of the central nervous system (CNS) continue to resist
conventional treatment strategies. Their intimate rela-
tion to critical structures within the CNS, and their capac-
ity to infiltrate locally and distally within the neuraxis,
significantly curtails the extent to which local treatments,
including surgery and radiotherapy, may be used to
achieve effective cure. The physicochemical and functional
efflux pump mechanisms that characterize endothelial
cells of the blood–brain barrier provide an additional
obstacle to the use of systemic chemotherapy.2 However,
arguably the greatest hurdle to improving the outlook of
children with brain tumors has been the lack of knowl-
edge regarding the molecular mechanisms that govern

the initiation and progression of these diseases. Under-
standing these biological processes would revolutionize
our approach to the management of brain tumors, by
improving disease risk assessment, increasing the effi-
ciency with which conventional therapies are employed,
and providing targets for the development of novel treat-
ment strategies. In the light of this, the early decades of
the twenty-first century are likely to be an exciting time
for the field of pediatric neuro-oncology. Progress is now
being made in our understanding of the biology of pedi-
atric brain tumors. Coupled with advances in the fields
of developmental neurobiology and cancer biology, these
insights hold great promise for real improvements to be
made in the future management of children with brain
tumors. However, these new approaches bring their own
unique challenges. These include determining the in vivo
biological activity of these agents, predicting which
patients will benefit most from these treatments, and 
discovering how these therapies can be best employed in
the context of existing conventional chemo- and radio-
therapy. The continued coordinated efforts of medical,
scientific, and nursing professionals will therefore be
crucial if we are to realize fully the promise of biology-
based treatments.

TARGETING TUMORIGENESIS: THE FUTURE
OF PEDIATRIC BRAIN TUMOR TREATMENT

Central to the accurate development, evaluation, and
employment of novel therapeutics is an understanding
of the biological processes to be targeted. Brain tumor
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cells proliferate and invade both locally and distally
within the CNS. This aberrant behavior requires the
malignant cell to bypass the mechanisms that govern
normal cell proliferation, apoptosis, integrity of tissue
boundaries, migration, and recruitment of vascular
architecture. Many of the genes that direct these processes
have been identified. They include oncogenes and tumor
suppressor genes that encode the principal components
of signal transduction cascades, cell cycle and apoptosis
control machinery, and factors involved in angiogenesis
and cell migration.

Signal transduction pathways as 
therapeutic targets

GROWTH FACTOR RECEPTOR SIGNALING NETWORKS

In recent years, evidence has accumulated implicating 
the deregulation of numerous growth factor receptor
pathways in the development of CNS malignancies.
Components of these signal cascades therefore represent
attractive targets for novel therapeutic approaches. Among
the growth factor receptor signaling pathways implicated

in the pathogenesis of brain tumors, the epidermal growth
factor receptor (EGFR, also known as ERBB)3,4 and
platelet-derived growth factor-receptor (PDGF-R)5 fami-
lies appear to play particularly prominent roles.

Extracellular growth factors activate signaling path-
ways by binding to specific cell-surface receptors. These
interactions induce changes in receptor conformation,
leading to oligomerization and intrinsic kinase activity.6,7

Resultant autophosphorylation of tyrosine residues
within receptor cytoplasmic c-terminal regions allows
the recruitment of adapter molecules to the inner mem-
brane surface. These adapters, e.g. GRB2 and SOS, provide
a molecular bridge between the active ligand–receptor
complex and cytoplasmic signal pathways, allowing fur-
ther propagation of the message through the cell. SOS, a
guanine nucleotide exchange factor, activates membrane-
bound RAS by switching it from the guanosine diphos-
phate (GDP)-bound to the guanosine triphosphate
(GTP)-bound state.8 RAS then triggers a sequential series
of enzymatic phosphorylation reactions among members
of the mitogen-activated protein kinase (MAPK) path-
ways, which ultimately transfer the message to the cell
nucleus (Figure 23.1). The three known MAPK signaling
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systems – the ERK, JNK, and p38 pathways – share this
similar operating structure.9 A great variety of cellular
responses are elicited by these pathways, including prolif-
eration, apoptosis, migration, and differentiation. The
final readout depends largely on the activating receptor(s),
the cell background, and the tissue environment.

In addition to MAPK cascades, growth factor receptors
signal through a variety of other systems, including the
protein kinase B (PKB/AKT)10,11 and the signal transduc-
tion and activation of transcription (STAT) pathways.7

The PKB/AKT pathway is activated following the recruit-
ment of phosphatidylinositol 3-kinase (PI3K) to phos-
phorylated c-terminal receptor domains (Figure 23.1).
Activated PI3K then generates 3�-phosphoinositides,
which recruit PKB/AKT to the membrane. At least one
additional kinase, PDK1, is required for PI3K-dependent
activation of the PKB/AKT kinase. PKB/AKT then phos-
phorylates a number of protein substrates, including
glycogen synthase kinase-3 (GSK-3) and the Forkhead
family of transcription factors, thereby controlling a
diverse array of cellular responses, including protein syn-
thesis, cell growth, angiogenesis, and cell survival.10,11

The ability of cells to negatively regulate potent
growth factor signaling pathways is crucial to normal
control of cell proliferation and death. In this regard, the
phosphatase tensin (PTEN) homolog tumor suppressor
plays a critical role in PKB/AKT pathway control by lim-
iting the availability of 3�-phosphoinositides and thus
the activation of PKB/AKT. The importance of this gene
for normal growth control is underscored by its frequent
mutation in human tumors, including gliomas.12,13

ERBB RECEPTOR SIGNALING AS A THERAPEUTIC
TARGET

The four members of the ERBB receptor family – ERBB1
(EGFR), ERBB2 (HER2/neu), ERBB3, and ERBB4 –
interact to form homo- and heterodimers following ligand
binding.7 Receptor dimers then activate a variety of sig-
nal pathways, including the MAPK, STAT, and PKB/AKT
networks. This normal signal system is deregulated in
brain tumor cells by a variety of mechanisms.

ERBB1 is the most frequently amplified oncogene in
adult glioma. Inhibition of ERBB1 kinase activity impairs
glioma cell survival, angiogenesis, motility, and trans-
formation.14–17 About one-half of high-grade gliomas
containing ERBB1 amplification also possess an in-frame
deletion of exons 2–7 of ERBB1, resulting in the expres-
sion of a constitutively active truncated receptor
(EGFRvIII).3,4,17 Elevated expression of the EGFRvIII
and wild-type receptors at the cell surface appears to
mediate transformation, at least in part, by constitutively
activating the MAPK and PI3K pathways.18,19 ERBB1
amplification appears to be a rare event in pediatric
glioma, but the incidence of ERBB1 gene rearrangement

is not known. However, overexpression of the receptor
has been reported to affect 80 per cent of high-grade
gliomas in children,20 including brainstem glioma.21

Other members of the ERBB kinase family play an
important role in the pathogenesis of childhood CNS
tumors. High-level tumor cell expression of ERBB2 and
ERBB4 receptors has been shown to be an independent
predictor of poor clinical outcome in medulloblas-
toma.22–26 The ERBB2 receptor may play a particularly
important role in the biology of medulloblastoma. While
this receptor can be detected in up to 80 per cent of
primary tumors,22 it is undetectable in normal develop-
ing and mature human cerebellum.24 Furthermore, its
expression in primary tumors appears to identify patients
with especially poor prognosis, even among cases with
clinical standard-risk disease.26 Efforts are under way to
delineate the mechanism(s) by which ERBB2 overexpres-
sion mediates poor prognosis in medulloblastoma. Recent
evidence indicates that ERBB2 overexpression increases
the metastatic potential of medulloblastoma cells by
upregulating a series of prometastatic genes.27 Work in
adult breast cancer, in which the ERBB2 gene is amplified
and/or overexpressed in around 25 per cent of cases, has
also shown high expression of this receptor to mediate
cell proliferation, resistance to chemotherapy and apop-
tosis, and enhanced metastatic potential.7,28,29 High coex-
pression of ERBB2 and ERBB4 receptor mRNA and
protein is also a feature of high-risk childhood ependy-
moma,30 and signaling via ERBB2 appears to promote the
proliferation of ependymoma cells in vitro.

Because of their prominent role in adult malignan-
cies, intense efforts have been made by pharmaceutical
companies and academic institutions to identify effective
inhibitors of ERBB receptor signaling. Consequently,
these compounds represent some of the most numerous
and advanced novel agents in clinical development. Two
principal groups of compounds have been investigated:
small-molecule inhibitors and monoclonal antibodies.
These agents have demonstrated a diverse array of
anti-tumor properties in preclinical studies, including
growth inhibition, antibody-dependent cell-mediated
cytotoxicity, and sensitization of tumor cells to chemo-
and radiotherapy.7,31 The anti-ERBB2 monoclonal
antibody Trastuzumab™ (Genentech inc.) has proved
particularly useful in the management of some women
with ERBB2-overexpressing breast cancer.31,32 The limited
penetration of systemically administered monoclonal
antibodies (mAbs) into the cerebrospinal fluid (CSF) is
likely to curtail the use of this approach to treat brain
tumors. Efforts are therefore under way to evaluate small
mimetics of full-length ERBB antibodies in brain tumor
models. ERBB peptide mimetics have been developed
that retain binding specificity and may penetrate solid
tumors and body cavities (e.g. the blood–brain barrier)
more readily than mAbs.33
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ZD1839™ (AstraZeneca) is the most extensively stud-
ied ERBB kinase small-molecule inhibitor.34,35 Originally
developed as an ERBB1-specific agent, recent reports
indicate that it also potently inhibits ERBB2 kinase.35,36

This activity against both ERBB1 and ERBB2 may be
particularly advantageous, since basic science and clini-
cal studies indicate that ERBB heterodimers have greater
transforming potency than homodimers.7,22 In preclini-
cal studies, ZD1839 demonstrated marked anti-tumor
effects against ERBB1-expressing xenografts, although
these responses were only maintained in the presence of
continued drug administration. Therefore, these agents
will likely require chronic dosage schedules or will have
to be used in conjunction with conventional chemo- and
radiotherapy.34,35 Phase I studies indicate that ZD1839
has only moderate gastrointestinal and dermatological
toxicity, and that doses as low as 400 mg/day (well below
the maximum tolerated dose of 700 mg/day) generate
trough plasma concentrations greater than that required
to inhibit the growth of ERBB1-expressing tumor cells in
culture by 90 per cent.34,35 It is envisaged that phase I
studies of small-molecule inhibitors such as ZD1839 will
soon be conducted in children with ERBB1-expressing
brain tumors. Critical questions to be answered in these
studies will include not only issues of toxicity and phar-
macokinetics, but also the most appropriate way to mon-
itor biological response to these agents, which molecular
factors accurately predict in vivo tumor sensitivity to
these agents, and how to integrate their use with more
conventional treatment approaches.

PLATELET-DERIVED GROWTH FACTOR RECEPTOR 
ALPHA SIGNALING AS A THERAPEUTIC TARGET

The platelet-derived growth factor receptor alpha
(PDGFRA) system signals via the MAPK and PI3K path-
ways in a manner analogous to that of the ERBB receptor
family. Evidence from a variety of different sources has
implicated the PDGFR signaling system in the develop-
ment of brain tumors, particularly glioma.17 Gliomas
that present in younger patients, especially tumors 
initially presenting as lower-grade neoplasms before 
progression to a higher-grade tumor, often display alter-
ations of PDGF ligand and/or receptor(s).17 PDGF 
signaling appears to play a significant role in glial cell dif-
ferentiation37 and angiogenesis. Somatic-cell gene trans-
fer of Pdgfb in vivo results in the development of highly
invasive murine gliomas.38 Microarray analysis of pedi-
atric medulloblastoma identified an apparent increase 
in the expression of PDGFRA and members of the
MAPK cascade in primary tumors from patients with
metastases at diagnosis.39 However, these data have been
challenged, and it appears that PDGFRB rather than
PDGFRA might be more important in medulloblastoma
invasion.40

These data suggest that PDGFRA or PDGFRB may
represent useful therapeutic targets for pediatric brain
tumors. STI571™ (Novartis) is a small-molecule tyrosine
kinase inhibitor of the p210BCR-ABL and p190BCR-ABL

fusion proteins associated with chronic myeloid leukemia
and Philadelphia chromosome-positive acute lymphoblas-
tic leukemia.41 This agent also inhibits the PDGFR, and
clinical evaluation of its activity in glioma and medul-
loblastoma has been proposed.39,42

MAPK AND PI3K PATHWAYS AS THERAPEUTIC TARGETS

The fact that a variety of cell-surface receptors, each with
potential roles in the biology of brain tumors, utilize
common second-messenger pathways to transmit their
aberrant signals has led to investigation of these intracel-
lular pathways as targets for novel therapies.8,43 Further-
more, components of these pathways, most notably RAS,
are frequent targets of oncogenic mutations in human
cancer.8 Therefore, a number of approaches that directly
target downstream elements of receptor signaling path-
ways are in development . The most extensively investi-
gated are those that target RAS.

RAS, like many cytosolic signal proteins, must locate
to the cell membrane to participate in signal transduc-
tion (Figure 23.1). This is achieved through the process
of prenylation, in which a farnesyl group is transferred
from farnesyl pyrophosphate (FPP) to the cysteine residue
of a CAAX motif on the c-terminus of RAS, a reaction
that is catalyzed by farnesyl transferase (FTase).8,44 The
understanding that this process was critical for RAS-
dependent signaling led to the development of FTase
inhibitors (FTIs). FTIs may be divided into three groups:
(i) CAAX competitive inhibitors e.g. SCH66336 and
R115777, which compete with this motif on RAS for
FTase; (ii) FPP competitive inhibitors, e.g. PD169451; and
(iii) bisubstrate inhibitors, e.g. BMS-186511. Although
FTIs inhibit RAS farnesylation, it is not clear whether this
accounts for all their anti-tumor activity, and additional
targets including RhoB and AKT2 have also been 
proposed.8

Evidence that FTIs may prove useful in the treatment
of brain tumors has been provided by drug activity stud-
ies in preclinical models of human glioma.45 Early clini-
cal trials of R115777 and SCH66336 have also been
conducted in adults with hematological and solid malig-
nancies.46,47 The principal dose-limiting toxicity associ-
ated with prolonged administration of these compounds
appears to be myelosuppression. Complete and partial dis-
ease responses were observed in these studies, and their
evaluation in phase I studies of pediatric brain tumors is
planned.

Agents that target more distal components of the
MAPK and PKB/AKT signal cascades are also in devel-
opment. Rapamycin and its ester CCI-779 target mTOR
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(mammalian target of rapamycin), a protein down-
stream of PKB/AKT signaling (Figure 23.1). Rapamycin
and CCI-779 were first proposed as potential treatments
for pediatric brain tumors following reports of their
activity against medulloblastoma xenografts.48 Interestingly,
cells transformed by GLI, a transcription factor that lies
downstream of the PTCH1 pathway, appear to be espe-
cially sensitive to rapamycin. Therefore, these agents may
be of particular value in the treatment of medulloblas-
tomas harboring PTCH1 deletions.49

Aberrant cell-cycle and apoptosis control 
as a therapeutic target

Disease progression in adult astrocytomas is associated
with a series of well-characterized genetic abnormalities,
including critical components of the cell-cycle and apop-
tosis control machinery.50 In contrast, remarkably little is
known regarding which elements of these systems are
disrupted in pediatric brain tumors. Nonetheless, over-
whelming evidence indicates loss of cell-cycle control to
be a key feature of most human malignancies,51,52 and it
is likely that further study of childhood brain tumors will
identify abnormalities in this control system. Indeed, a
number of groups have reported amplification and/or
overexpression of MYCC in primary medulloblastoma,
with some reporting an apparent relationship between
high-level expression of this oncogene and poor clinical
outcome.53–55 Exploitation of the tumor necrosis factor
(TNF)-related apoptosis-inducing ligand (TRAIL) path-
way for therapeutic gain in primitive neuroectodermal
tumors (PNETs) has also been proposed;56 however, there
are concerns regarding the toxicity of this approach.57

Angiogenesis as a therapeutic target

ANGIOGENESIS

Angiogenesis, the formation of new blood vessels from
pre-existing vessels, plays a critical role in the early
phases of tumor development.58–60 This process, recog-
nized histologically as microvascular proliferation, is a
hallmark of anaplastic brain tumors.17 These diseases
have therefore been investigated increasingly as strong
candidates for anti-angiogenic therapy.

Angiogenesis is activated by a number of cell-surface
receptors and ligands.61,62 Evidence suggests that vascu-
lar endothelial growth factor (VEGF) and its two recep-
tors, VEGFR-1 and VEGFR-2, play particularly prominent
roles in glioma-induced vascular regulation.63,64 VEGF
secreted by glioma cells stimulates receptor-expressing
endothelial cells, activating a variety of signal pathways
that promote cell proliferation, survival, vasopermeability,

and migration, all of which contribute to angiogenesis
(Figure 23.2).

INHIBITION OF ANGIOGENESIS

Anti-angiogenic agents may be divided into two broad
groups: drugs that inhibit the signal pathways that stim-
ulate angiogenesis and drugs that induce the death of
existing endothelial cells. The first group of compounds
includes SU5416 (Sugen), a selective inhibitor of VEGFR-1,
and SU6668 (Sugen), a broader-acting agent that inhibits
the kinase activity of the fibroblast growth factor (FGF)
and PDGF receptors as well as VEGFR-1. Both agents
inhibit the in vitro proliferation of endothelial cells and
demonstrate in vivo anti-tumor activity against a range
of human tumor xenografts, including gliomas.65–67

Toxicity in phase I studies of SU5416 in adults included
vomiting and headache.68 Objective responses were 
also observed, and further clinical evaluations both as a
single agent and in combination with chemotherapy, are 
ongoing.

A large number of agents with anti-endothelial cell
activity have been identified. These include inhibitors of
endothelial-specific integrin/survival signals, e.g. EMD
121974 and endostatin, a 20-kDa protein fragment of col-
lagen XVIII, whose precise mechanism of action is still
unclear. Novel delivery mechanisms for anti-angiogenic
therapeutics in gliomas are also in development, includ-
ing intratumoral delivery of endostatin-producing cells.69

The destruction of tumor vasculature is likely to
account for a large component of the anti-tumor activity
associated with anti-angiogenic agents. However, there is
increasing evidence that these drugs also enhance tumor
sensitivity to radio- and chemotherapy. This would seem
contradictory, given that conventional treatments rely on
an adequate blood supply to transport oxygen and drug
to tumor cells. The concept of “normalization” of tumor
vasculature has been proposed as a potential explanation
for this observation.60 This hypothesis suggests that
while tumor vessels do provide a blood supply to malig-
nant cells, their abnormal tortuous nature and compres-
sion by expanding tumor restrict this to a level below 
that required for optimal delivery of drugs and oxygen.
However, anti-angiogenic agents appear to “normalize”
the vasculature, eliminating excess endothelial cells and
initially increasing the delivery of nutrients and thera-
peutics to tumor cells. If proved correct, this process may
have a profound impact on the way anti-angiogenic
drugs are used, particularly in combination with more
conventional radio- and chemotherapy. Clinical trials 
of anti-angiogenic compounds in children with brain
tumors are currently at the planning stage. However, the
potential for these compounds to induce growth-related
toxicity in the developing child will require particular
attention as these agents enter clinical pediatric practice.
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Aberrant cell migration and invasion 
as a therapeutic target

BRAIN TUMOR CELL INVASION

High-grade gliomas disseminate widely in the brain along
anatomical structures, including white-matter tracts and
blood vessels. Other tumors, e.g. medulloblastoma and,
more rarely, ependymoma, actively metastasize through
the neuraxis. The balance between controlling malignant
behavior, while preserving normal neuronal tissue, pres-
ents an enormous therapeutic challenge.

The process by which malignant cells spread beyond
their site of origin involves a complex series of interac-
tions between tumor cells and their tissue environment.
Astrocytomas may migrate over stromal cells that elabo-
rate extracellular matrix (ECM) proteins, including lamin,
collagen-type IV, fibronectin, and vitronectin. There is
also evidence to suggest that glioma cells themselves
secrete an ECM-like substance that assists in their migra-
tion.17 Other secreted proteins believed to promote the
proliferation and migration of glioma cells include PDGF-
AA, PDGF-BB, and ERBB and FGF ligands. The matrix
metalloproteinases (MMPs) are a further group of pro-
teins that contribute to the invasive potential of tumor

cells. The production of these enzymes is induced by 
host tissue, under the regulation of growth factors and
cytokines, in response to tumor cell invasion. MMPs
contribute to a number of critical steps in tumor devel-
opment, including local migration, basement-membrane
degradation, and invasion and angiogenesis.70

TARGETING CELL MIGRATION AND INVASION

A variety of matrix metalloproteinases inhibitors
(MMPIs) have entered clinical trial. Marimastat is one of
the most extensively studied to date.71,72 An inhibitor of
MMPs 1–3, 7, 9, and 12, this agent demonstrated marked
musculoskeletal side effects in phase I trials and failed to
demonstrate objective responses in phase II studies.71,73

Completed phase III trials for gastric cancer have also
shown no survival advantage.72 It remains to be determined
whether this agent will prove useful in combination
studies or whether the other MMPIs currently under
investigation demonstrate more promising activity.

A novel mechanism by which glioma cells invade nor-
mal brain tissue has been proposed.74 Termed “exocito-
toxicity,” this hypothesis suggests that the high levels of
glutamate produced by glioma cells induce a cytotoxic/
apoptotic cascade in surrounding neurons, thereby clearing
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Figure 23.2 Regulation of tumor angiogenesis. In response to a variety of stimuli, including hypoxia, tumor cells secrete growth factors,
including platelet-derived growth factor (PDGF), epidermal growth factor (EGF), and vascular endothelial growth factor (VEGF). These
ligands bind to their cognate receptors expressed on host vascular endothelial cells. VEGF binding to vascular endothelial growth factor
receptors 1 or 2 (VEGFR-1, VEGFR-2) activates a receptor-signaling cascade, promoting the release of proteases, and inducing
proliferation and migration toward the tumor, resulting in angiogenesis. A variety of anti-angiogenic agents have been developed that
target various aspects of this pathway. Inhibitors of growth factor signaling, including the platelet-derived growth factor receptor (PDGFR)
and ERBB systems, may also prove useful as anti-angiogenic agents. (MAPK, mitogen-activated protein kinase; PKB, protein kinase B.)
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a path for extension into the brain (Figure 23.3). As sup-
porting evidence, Takano and colleagues demonstrated
that the in vivo growth of brain tumors in their study
model was related directly to the level of glutamate 
generated by tumors.74 Furthermore, blockade of the 
N-methyl-D-aspartate (NMDA) glutamate receptor sig-
nificantly abrogated the growth of tumors in a rat model.
This observation opens up the possibility of a completely
new avenue for brain tumor treatment, with potential
sites of therapeutic action at all levels of glutamate 
signaling. Indeed, a number of glutamate receptor antag-
onists that proved ineffective in clinical trials of other
neurological diseases, including stroke, are available for
evaluation in CNS malignancies and may subsequently
prove useful in the treatment of brain tumors.

Miscellaneous small-molecule inhibitors

INHIBITORS OF DNA METHYLATION AND HISTONE
DEACETYLATION

A number of elements involved in the normal biology of
DNA structure and function have been investigated as
potential therapeutic targets in human disease, including
cancer. In this regard, particular attention has been
focused on DNA methylation and histone deacetylation.
These two reactions appear to cooperate to silence the

expression of certain genes, including tumor suppres-
sors.75,76 Briefly, the methylation of cysteine residues with
CpG-rich gene promoter regions enables the recruit-
ment of histone deacetylase complexes (HDAC), which
modify the surrounding chromatin structure, resulting
in repression of gene expression. A number of important
growth and apoptosis control genes have been shown to
be aberrantly methylated in human cancer cells, includ-
ing P16INK4A, P14ARF, and CASPASE 8.77–79 Importantly,
silencing of CASPASE-8 has been shown to affect medul-
loblastoma cells, resulting in increased resistance to
apoptosis in vitro.56

A variety of DNA methylation and HDAC inhibitors are
currently in clinical trials in adults and have demonstrated
ability to alter gene expression in vivo.80,81 While the assess-
ment of each of these agents will be important, the appar-
ent synergy between DNA methylation and HDAC in the
silencing of genes suggests that the combination of meth-
ylation and HDAC inhibitors may prove especially exciting.
Indeed, evidence already exists that such an approach is
likely to prove more effective than single-agent therapy.82

HEAT SHOCK PROTEIN CHAPERONE SYSTEM 
AS A THERAPEUTIC TARGET

Heat shock protein-90 (HSP90) functions as a molecular
chaperone for a number of protein kinases important in
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Figure 23.3 Exocitotoxicity: a putative novel mechanism for glioma cell invasion of normal brain. Glutamate induces a cytotoxic
response in normal neurons. Glioma cells generate glutamate (Glu) from glutamine (Gln). Signaling by Glu via its N-methyl-D-aspartate
(NMDA) receptor expressed on nearby neurons results in a pro-apoptotic response. Thus, a path is cleared by the glioma, allowing further
invasion of normal brain. Astrocytes may participate in this process through Glu reprocessing. A variety of components of this system may
prove to be useful therapeutic targets. These include inhibitors of NMDA receptors or the GnT transporter. Alternatively, the neuronal Glu
transporter (nGT, or its astrocytic counterpart gGT) may be stimulated, thus reducing the availability of Glu for signaling.



cell signaling, including the ERBB2 receptor and compo-
nents of its downstream signaling pathway.83 Novel thera-
peutics that target HSP90 therefore represent an attractive
new approach for the management of human malignancies
in which aberrant signaling plays an important patho-
logical role. The benzoquinoid ansamycin 17-allylamino-
17-demethoxygeldanamycin (17-AAG) represents the first
HSP90 antagonist to enter clinical trials.

17-AAG is a novel structural analog of geldanamycin,
a naturally occurring benzoquinoid ansamycin antibi-
otic. These drugs were first reported to possess potent
anti-tumor activity following reports that geldanamycin
and related compounds were active against solid-tumor
xenografts in mice and could reverse the transformed
phenotype in Rous sarcoma virus-transformed cells.84 In
vitro studies subsequently identified HSP90 and its
endoplasmic reticulum homolog glucose-regulated 
protein-94 (GRP94) as the sole cellular targets for both
geldanamycin85,86 and 17-AAG.87 HSP90 is a highly con-
served and ubiquitously expressed stress protein that
accounts for one to two per cent of the total cytosolic
protein in mammalian cells. In eukaryotes, it has an
important chaperone function, ensuring the conforma-
tional maturation of client cellular proteins.83 X-ray
crystallography has shown geldanamycin to compete
with adenosine triphosphate (ATP) for the nucleotide
binding site of HSP90, thereby inhibit the chaperoning
of these clients.88,89 Consequently, client molecules are
targeted for polyubiquitination and proteolysis by the
cytosolic ATP-dependent, 26S proteosome complex.

Both geldanamycin and 17-AAG88 readily inhibit the
growth and expression of cell signaling molecules by
human tumor cell lines.90 Initial studies of pediatric
tumors suggest that the growth of pediatric PNET cells
may be inhibited by benzoquinoid ansamycin treatment.91

Subsequent studies have demonstrated that overexpres-
sion of the ERBB2 receptor sensitizes medulloblastoma
cells to 17-AAG by upregulating MAPK signaling.92

Further experiments are under way to determine in vivo
growth-inhibitory and client protein degradation activ-
ity of 17-AAG against medulloblastoma xenografts. It is
envisaged that data obtained from these experiments will
assist in the planning of pediatric phase I studies once the
ongoing early trials in adult cancer are complete.

Gene transfer approaches in the treatment
of pediatric brain tumors

THE UNIQUE CHALLENGE OF DEVELOPING 
GENE-BASED TREATMENTS

The transfer of tumor suppressor genes, or genes encod-
ing cytotoxic or immunomodulating products into
tumor cells, has been the subject of a great deal of research
and regulatory scrutiny over recent years.93 Although this

approach holds enormous therapeutic potential, it is the
most controversial of novel biologic strategies. This
relates in part to the considerable technical difficulties
associated with the design, production, and effective
employment of gene constructs and vectors. However, the
safety of this approach has also raised concerns among
the scientific community and general public. Careful
future development of these treatments, within guide-
lines of accepted practice, will be vital to ensure that any
benefits of this approach are obtained with the continued
support of the wider community.

TARGETS OF GENE TRANSFER THERAPIES

Gene transfer therapy describes the delivery of DNA vec-
tors that encode biological therapeutics, with a broad
range of actions, to diseased tissues (Figure 23.4).93–95

Therapeutic genes can serve to activate prodrugs, thus tar-
geting drug action to disease sites,96 or encode toxins fused
to disease-relevant ligands, allowing local, disease-specific
targeting of cytotoxic proteins.95 Gene transfer can also be
designed to work with conventional treatments. Such
approaches may involve the use of expression vectors that
either sensitize tissues to, or whose promoters and thus
expression are activated by, radiotherapy.97 Vectors may
also be employed that express immunomodulators,
including cytokines, thus boosting the host anti-tumor
immune response. Finally, the vectors themselves can act
as cytotoxic agents.98

Therapeutic genes that encode prodrug-metabolizing
enzymes allow the potential to selectively concentrate
cytotoxic metabolites within tumor cells (Figure 23.4).
Within the context of brain tumor therapy, this approach
employs non-toxic prodrugs that penetrate the brain
parenchyma. One of the most widely used strategies has
involved the combination of herpes simplex type 1
thymidine kinase (HSVTK) and ganciclovir. HSVTK
phosphorylates inactive ganciclovir, enabling it to be
incorporated into DNA and resulting in cell death.99,100

Cytotoxic therapy can also be delivered to tumor cells by
transferring genes that encode toxins fused to proteins,
e.g. ligands, that bind selectively to tumor cells.101 The
delivery of tumor suppressor genes whose function has
been lost in brain tumor cells, e.g. TP53,102,103 or genes
that encode proteins with dominant negative activity
against oncoproteins, have also received much attention.
In this regard, the elements of the angiogenic pathway
including VEGF and VEGFR-1 have been investigated as
potential targets.104

An intriguing use of replication-incompetent viruses
involves the use of conditionally replicative vectors.
ONYX-015 is an adenovirus in which the E1B gene is
deleted and replicates only in certain cancer cells.105 This
appears to show a degree of selectivity for cells that are
TP53-mutant, although preclinical data have been 
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somewhat controversial.106 Nevertheless, combination
studies of ONYX-015, cisplatin, and 5-fluorouracil have
demonstrated promising results in patients with head/
neck cancers,107 and studies in adults with glioblastoma
are under way.

VECTOR SYSTEMS

Vectors, the vehicle by which genes are transferred to their
targets, fall into two broad groups: viral and non-viral.
The latter essentially include naked DNA and DNA
enclosed within lipid vesicles, or liposomes. Non-viral
transfer systems are relatively inefficient, rendering them
less attractive than viral systems. Viral vectors may be
divided further into those that integrate DNA into host
cell chromosomes and non-integrating vectors whose
vector DNA remains as non-chromosomal episomes.

Retroviral vectors were among the first integrating vec-
tors to be developed and have played an important role in
the early development of gene therapy. Although their use
in some disease states has been limited by their inability 
to infect non-dividing cells, their potential to avoid nor-
mal quiescent cells in the brain while infecting rapidly

proliferating tumor and neovascular endothelium has
made them an attractive agent for brain tumors. Other
viral vectors under investigation include the lentiviruses,
the adenoviruses, and their dependent adeno-associated
viruses. One additional application likely to be investi-
gated in pediatric oncology is the use of gene therapy to
protect normal tissues from high-dose chemotherapy. In
particular, strategies to protect hemopoietic stem cells
from cytotoxic agents are under investigation.

FUTURE CHALLENGES FOR GENE TRANSFER THERAPY

As the field of gene therapy has developed, the principal
challenges facing those seeking to progress this novel
approach have also changed. Now that viral vectors can
be manufactured at high levels in forms that can deliver
genes to diseased tissue, future challenges include issues
of safety and maintenance of expression. The selective
targeting of vectors to diseased tissue, with minimal deliv-
ery to normal cells, is an important component of pro-
tecting patients from adverse effects. Advances have been
made in this area, with techniques including the design
of viruses whose coats include engineered proteins that
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treatment of brain tumors. (a) Viral vectors may contain therapeutic genes encoding radiosensitizing products, or they may include
promoter regions that are activated by radiation. (b) “Suicide” gene therapy is one of the most widely studied approaches. Viral vectors
encode enzymes, e.g. HSV-TK, that metabolize inactive prodrugs. The active drug is thus targeted only to transduced cells, reducing
systemic side effects. The active drug may also diffuse locally to non-transduced cells, thereby increasing the anti-tumor effect.
(c) Viruses may be directly cytopathic, e.g. ONYX-015 (see text). (d) Therapeutic genes may also include wild-type tumor suppressor
genes, whose function has been lost in targeted tumor cells. The resulting restoration of cell-cycle/apoptotic control may lead to anti-
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recognize tumor-specific antigens. A further major hur-
dle to be overcome is that of the host immune response
to vector systems. This response serves both to remove
transduced cells and to reduce the effectiveness of
repeated administration of therapeutic viral vectors.

CONCLUSIONS

The failure of conventional treatment strategies to
achieve effective cure for many children with brain
tumors presents all professionals involved in the man-
agement of these children with a tremendous challenge.
Central to this is the identification of new, effective treat-
ment approaches. Increasing understanding of the biol-
ogy of these diseases has opened the way for the
introduction of novel agents that target aberrant brain
tumor biology. However, the successful integration of
these strategies into clinical practice will be a complex
process. Biologists must continue to identify and increase
our understanding of the pathways that are critical for
tumor cell survival. Structural biologists and pharmacol-
ogists will be required to identify agents that target com-
ponents of these pathways and provide additional insights
into the molecular processes involved in drug–target
interactions. Virologists, immunologists, and many other
scientific disciplines will be crucial to the development of
safe, effective ways of delivering biologics. Finally, all
members of the medical community in association with
these scientific specialists will participate in the evalua-
tion of the toxicity and biological efficacy of these new
treatments. Although this is a difficult challenge, it is far
outweighed by the potential rewards for all the children
and their families who are afflicted by these terrible 
diseases.
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INTRODUCTION

One in 1000 young adults is a cancer survivor, 10–15 per
cent of whom originally had a brain tumor. Thus, quality
of life and any resulting long-term disabilities in these
individuals have become important public health issues.
Despite the recognition of endocrine, neurological, and
cognitive deficits, there is little understanding of the
underlying pathology or its evolution, whilst community
awareness of potential secondary disease and/or remedial
help is often limited. Early (and even preventive) psycho-
logical and rehabilitative intervention to improve not only
physical and hormonal health but also social, educational,
and independence skills may make the difference between
an institutionalized, unhealthy, short life, and a fuller,
independent adult life.

In terms of life-years lost by death from cancer, a sub-
optimal treatment in childhood has a high and much
greater impact on society than in adults (average 68 years
lost per case of childhood cancer, compared with ten years
for adult cancers). For example, the incidence of medul-
loblastoma is 0.7 per 100 000 children under 14 years, per
annum.1 This equates to some 1000 cases per annum in
Europe. With a current estimated survival of 70 per cent,
and 50–90 per cent of survivors being affected by one or
more disabilities, it can be predicted that 20 000 life-years
will be lost and a burden of 30 000–50 000 life-years of
disability gained by this group of children alone. The
extent of acquired, lifelong neuropsychological, hor-
monal, physical, or other disability among survivors from
current treatment regimens is thus a large potential 

economic, health, and social burden on families and soci-
ety. This belies the flawed but frequently held perception
that as childhood brain cancer is a low-risk disease, it has
little significance in the health of nations. Any measures
that together increase treatment efficacy and decrease long-
term disability would carry huge advantages in human
and economic terms.

In this chapter, endocrine and neurological conse-
quences of brain tumors and their treatment will be
identified, and the evidence for the current state of knowl-
edge with respect to their diagnosis, etiology, long-term
consequences and treatment will be reviewed. Within the
context of treating children for these tumors, a model
summarizing the factors that enhance risks of both neu-
rological and endocrine consequences emphasizes the
interplay between tumor, treatment, and host factors
(Figure 24.1). This is a fast-changing field, and each year
brings new data and new treatments that alter the bal-
ance with respect to the selection of anti-tumor treatments
as well as the possibilities for preventing or treating the
endocrine or neurological consequences.

ENDOCRINE CONSEQUENCES OF BRAIN
AND SPINAL TUMORS AND THEIR
TREATMENT

The control of the normal hormonal milieu is heavily
dependent on central control of hormone release emanat-
ing from the hypothalamic-pituitary axis (HPA). Figure
24.2 and Table 24.1 summarize the current knowledge
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Table 24.1 Function of hypophysiotropic hormones

Hormone Function

GnRH Releases LH and FSH
GHRH Releases GH
TRH Releases TSH and prolactin
VIP (PHI-27) Releases prolactin
CRH Releases ACTH, �-endorphin, and �-lipoprotein
Vasopressin Antidiuretic action in kidney; releases ACTH through CRH
Dopamine Inhibits pituitary TSH and prolactin release, with widespread 

distribution and effects
Somatostatin Inhibits pituitary GH and TSH release, with widespread distribution 

and effects

ACTH, adrenocorticotrophic hormone; CRH, corticotrophin-releasing hormone; FSH, follicle-stimulating
hormone; GH, growth hormone; GHRH, growth hormone-releasing hormone; GnRH, gonadotrophin-releasing
hormone; LH, luteinizing hormone; TRH, thyrotropin-releasing hormone; TSH, thyroid-stimulating hormone;
VIP, vasoactive intestinal peptide.

Radiotherapy

↑↑ Total dose
↑ Fraction size
↓ Interfraction interval

Delayed disease remission/cure

↑Intensity and toxicity of therapeutic module
↑Duration of therapeutic module 

↑Hospital stay
↓Rehabilitation  
↓Disease responsivity  
Site-specific (e.g. brain) 

Chemotherapy
Action-specific
Target gland-specific 
↑Blood–brain barrier
permeability 

�
↓

Young age
�

(long-term)

Additive injury

Figure 24.1 Adverse factors
contributing to long-term
neurological and endocrine
injury.
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Hypothalamic
releasing
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Anterior
pituitary
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inhibitory
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�� � � � � �

� � � �

Figure 24.2 Hormones in the anterior pituitary and the hypothalamus. This figure summarizes the current nomenclature and
mechanisms regulating the release of hormones that are produced in the hypothalamus and anterior pituitary gland. (ACTH,
adrenocorticotrophic hormone; CRH, corticotrophin-releasing hormone; FSH, follicle-stimulating hormone; GH, growth hormone;
GHRH, growth hormone-releasing hormone; GnRH, gonadotrophin-releasing hormone; LH, luteinizing hormone; TRH, thyrotropin-
releasing hormone; TSH, thyroid-stimulating hormone; VIP, vasoactive intestinal peptide.)



concerning the range of hormones released by these cere-
bral structures, the mechanisms controlling their release,
and their normal actions. Detailed understanding of how
these hormonal mechanisms become disrupted by brain
tumors or their treatment, and the consequences for the
growing child, have been the focus of clinical research
over the past two decades. During this period, clinical
practices with respect to decision-making and techniques
employed in both neurosurgery and radiotherapy have
changed and continue to be re-evaluated as the data 
concerning endocrine effects of treatment are collected
and assimilated. This section will examine the evidence
for etiology, pathophysiology, and clinical patterns of
endocrine dysfunction in the immature child. The spec-
trum of endocrine disorders linked to brain tumors 
and their treatment includes damage to both the HPA and
target glands, the consequences of which are lifelong and
include gland failure, infertility, obesity, and impaired bone
mineralization.

Pathophysiology of hypothalamo-pituitary
dysfunction and growth hormone deficiency

Just as the adverse neuropsychological late effects have
been attributed almost entirely to a dose-dependent effect
of cranial irradiation,2 so have the deficits in growth 
hormone (GH) secretion.3 Hypopituitarism commonly
occurs after surgery and radiation treatment for tumoral
involvement of the pituitary (Figure 24.3a).4 Nevertheless,
late endocrine comparisons between adults and children
irradiated for pituitary tumors and posterior fossa tumors
suggest that the anatomical site of the tumor must make
an important contribution to the number and hierarchical
evolution of post-irradiation endocrinopathies. Despite
similar estimated pituitary doses of 40 Gy, GH is often
the only hormone affected in this group of children, with
adrenocorticotropic hormone (ACTH) deficiency fortu-
nately rare by comparison, although it may yet evolve
(Figure 24.3b).5

Patterns of isolated growth hormone
deficiency after cranial irradiation

Evaluation of GH physiology can be measured by 
24-hour GH level monitoring, in which the pulsatile release
pattern can be evaluated, or after stimulation of GH release
in order to measure peak responses. Children exposed to
cranial irradiation alone experience growth failure due to
disturbances in both pulsatile GH secretion and/or atten-
uated stimulated peak GH responses. These effects are seen
in 60–100 per cent of children within two to five years of
fractionated (�2 Gy) cranial irradiation at total doses of
more than 30 Gy.6,7 The speed of onset is dose-dependent,3

but there is unlikely to be a lowest “safe” dose. The few
studies of pulsatile 24-hour GH secretion before and
after radiation (�30 Gy) for brain tumors distant from the
hypothalamo-pituitary axis (HPA) suggest an evolving
picture, with neurosecretory disturbances getting worse
and more frequent with time and irradiation dose inten-
sity. The changes in these circumstances become severe
and permanent (Figure 24.3c).6,8 In Figure 24.3c, note the
wide variation in trough secretion across groups compared
with controls, and the marked early discrepancy between
spontaneous (preserved) and stimulated (attenuated)
peaks, even in children treated with surgery only (Gp 1).
This discrepancy becomes concordant with time and
intensity of therapy, as spontaneous GH secretions fails.

At lower cranial irradiation doses, as seen in cranial
irradiation for central nervous system (CNS) directed
therapy in leukemia, discrepancies between growth veloc-
ity and the results of stimulated and 24-hour pulsatile GH-
secretion measurements may occur.9,10 Such discrepant
findings may also be seen at early time periods after high
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Figure 24.3a Endocrinopathies after treatment for pituitary
tumors (adults). Cumulative percentage of 37 adults experiencing
endocrinopathies after radiotherapy (37.5–42.5 Gy) in 15 fractions
over 20–22 days for pituitary tumors and who demonstrated
postoperatively one or more intact pituitary hormones, from a
total cohort of 165 surgically treated cases. The hierarchical loss
demonstrates that growth hormone (GH) is the most sensitive, all
adults being deficient within five years. Thyroid-stimulating
hormone (TSH) is the least sensitive. Adrenocorticotrophic
hormone (ACTH) and gonadotropin (luteinizing hormone
(LH)/follicle-stimulating hormone (FSH)) deficiency are affected
increasingly over time (80 per cent at ten years). (Redrawn from
Littley et al.4)
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dose cranial irradiation for brain tumors but then dis-
appear as the endocrine damage evolves with time and all
measures become suppressed and thus concordant.6 It is
assumed that this is due to the higher radiation dose
leading to a more rapid and complete GH deficiency.
Subtle abnormalities in the pulsatile pattern of GH release
can be particularly evident around the time of puberty.11

Augmented GH secretion is necessary at this time to
mount a normal (largely spinal) growth spurt. Failure of
this pulsatile GH release probably accounts in part for
the shorter adult spine that has remained unexplained in
other studies.12

The lack of a gold standard for assessing GH secretory
status after brain tumors makes it imperative that all slowly
growing children have a full endocrinological assess-
ment. Furthermore, adult survivors of brain tumors,
with or without cranial irradiation, are at real risk of adult
GH deficiency, with its attendant implications for bone
mineralization, body composition, lipid profile, and
quality of life (see box).
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Figure 24.3b Endocrinopathies after treatment for posterior
fossa tumors. Cumulative percentage of 16 patients with
posterior fossa tumors demonstrating normal anterior pituitary
function during a median 11.0 (6.8–21.4)-year follow-up period.
Despite the greater duration of follow-up than the study cited in
(a) (more than eight years in 13 patients, more than 12 years in
seven patients, 16 years in one patient) and similar biologically
effective pituitary doses (at least 40 Gy in 1.8-Gy fractions),
there were no cases of gonadotrophin deficiency and only two
cases of (asymptomatic) borderline adrenal insufficiency. This
suggests that ACTH deficiency is unusual where the primary
tumor is well displaced from the pituitary area and is unlikely to
be a radiation-induced endocrinopathy. (Redrawn from
Spoudeas et al.5)

Figure 24.3c Relationship of spontaneous GH troughs (OC5)
(upper panel), spontaneous GH peaks (OC95) (middle panel), and
stimulated peak GH responses to hypoglycemia insulin tolerance
test (ITT) (lower panel) with increasing therapeutic intensity and
time in short normal (SN) controls and in children with brain
tumors before (pre) radiotherapy and at one and two to five
years after neurosurgery alone (surg Gp1), or with
additional �30 Gy cranial irradiation (dxr Gp 2), or �30 Gy
cranial irradiation with adjuvant chemotherapy (chem Gp 3).
(Redrawn from Spoudeas et al.6)

Diagnosing and treating growth hormone
deficiency

• Discrepant growth rates and standard diagnostic
tests of GH deficiency may confuse the diagnosis of
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GH deficiency in the cranially irradiated survivor,
particularly if performed soon after cure.

• The imperative to treat early with recombinant
hormone growth hormone (r-hGH) is greatest in
the youngest and smallest children and those
treated most intensively, because catch-up growth
is incomplete and compounding over time.

• Children who receive spinal or total body
irradiation, particularly with co-administered
chemotherapy, deserve special attention because
the spinal component of puberty is
compromised, even with r-hGH.

• It is important to maximize the growth potential
in the legs while this window of opportunity
exists, i.e. prepubertally.

• With a proactive endocrine surveillance program,
most childhood cancer survivors achieve adult
heights within the normal centiles and an age-
appropriate puberty.

• Treatment with r-hGH in replacement doses does
not increase the disease relapse rate compared
with untreated children.



Etiologies of tumor-related hypothalamic
dysfunction

Research studies that reliably define the etiology of
endocrine dysfunction after treatment for brain tumor
are important, as the results will assist in the selection 
of new and hopefully less toxic strategies for therapy.
Children with central optic, pineal, or pituitary/hypo-
thalamic tumors are those most at risk of developing
potentially life-threatening endocrinopathies. In such
locations, the effects of the tumor itself, attempts at 
surgical removal or debulking, local and extended field
irradiation, and chemotherapy can all add to the risk 
of endocrine damage. Nowhere is this demonstrated 
better than in the management of craniopharyngioma,
where conservative surgery (e.g. cyst aspiration) followed
by radiotherapy reduces the otherwise high incidence 
of pituitary failure seen after radical surgery (see Chapter
20). The evidence for independent and potentially addi-
tive toxicities of multimodal therapy on the neuroen-
docrine system comes from the few prospective and
longitudinal studies of children with posterior fossa
tumors. Subtle central deficits in the neuroregulatory
secretion of GH exist after surgery alone, and are com-
pounded by irradiation and increased further with the
passage of time. Similarly, chemotherapy can potentiate
this progressive disruption of the central hypothalamic
GH release mechanisms, thereby further confounding
the interpretation of dynamic GH provocation tests
(Figure 24.3).6

The sustained augmentation and pulsatility of GH
release, without downregulation, observed over a 24-hour
continuous infusion of growth hormone-releasing hor-
mone (GHRH), depends on the endogenous integrity of
a second inhibitory hypothalamic hormone, somatostatin,
important for both maintaining GH within a readily
releasable pituitary pool and determining the timing of
each pulse (on/off). The integrity of this GH-inhibitory
hormone tone appears easily disturbed by cerebral insults
in vivo,6,13,14 which may explain both the disturbed
rhythmicity of GH pulsatility and the reason why GHRH
therapy is less effective than r-hGH in this situation
(Figure 24.4). If the etiology and site of the damage were
determined accurately, then pre-irradiation strategies for
protecting the area might be attempted,15 and/or more
physiological, cost-effective, and user-friendly depot or
oral peptide treatments may be developed.

Thus, hypothalamic disruption occurs first most
probably then causing secondary pituitary atrophy;
whether this is neural or vascular in origin is unclear
from the few studies of hypothalamo-pituitary blood
flow in this situation.16 The importance of differentiating
between hypothalamic and pituitary dysfunction is high-
lighted, because therapeutic options, such as inducing
fertility with hypothalamic releasing factors (e.g.
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Figure 24.4 One year after cranial radiotherapy for a 
cerebral tumor, a seven-year-old boy demonstrated very
attenuated growth hormone (GH) pulsatility (upper panel). 
This can be manipulated and augmented by continuous 
growth hormone-releasing hormone (GHRH) therapy (middle
panel) and somatostatin withdrawal, indicating that the
pituitary remains responsive at this early stage. (Redrawn from
Spoudeas.13)

The hypothalamic-pituitary-adrenal axis

• GH deficiency affects all cranially irradiated
survivors eventually, but ACTH deficiency is rare
if there has been no HPA disease.

• The hypothalamic and/or pituitary nature of the
post-irradiation endocrinopathy is not
understood fully.

• Cranial irradiation is not the only culprit: surgery
and the presence of tumors are also significant
factors.

• Systemic chemotherapy crosses the disrupted
blood–brain barrier and causes additive central
toxicity.

• The differentiation of hypothalamic from
pituitary disease has important therapeutic and
etiological implications.



gonadotrophin-releasing hormone (GnRH)),17 would be
limited severely by the existence of significant pituitary
or gonadal disease.

PATTERNS OF ENDOCRINE DYSFUNCTION

Growth

Spinal irradiation (27–35 Gy in 22–27 days) indepen-
dently impairs spinal growth.18,19 The younger the child,
the greater the deficit, which is estimated at 9 cm if irra-
diation is administered at one year, 7 cm if administered
at five years, and 5.5 cm if administered at ten years.19

Spinal growth is a major component of the pubertal
growth spurt, so the disproportionate deficit, compounded
by pubertal GH deficiency, may only then become appar-
ent, at a time when growth promotion is limited.

Because irradiation damages both the epiphyses and
the bony matrix, the skeleton may not demonstrate the
growth response to GH treatment expected in children
with idiopathic GH deficiency. Thus, it is important to
maximize prepubertal growth potential in the legs while
this is still possible by early GH replacement therapy. It is
almost inevitable to anticipate some loss of spinal growth
compromising final adult height, even with optimal
replacement therapy (Figure 24.5).

Conventionally scheduled radiation is delivered in daily
fractions five days per week. Typical fractions are less
than 2 Gy. Giving radiation in smaller fractions more fre-
quently (two or three times a day; see Chapter 10) may
reduce the toxic effects of the radiation on normal tissues
while preserving the anti-tumor effects; this is known as
hyperfractionated radiotherapy. The effects of hyperfrac-
tionation of the radiation dose remain to be determined.
Animal experiments support the view that such techniques
may spare normal tissues.20 Trials comparing conventional
and hyperfractionated techniques in children have been
launched, but their results with respect to late toxicities
are awaited.

Additive injury at target gland (gonads,
thyroid, skeleton)

The two adjuvant treatment modalities, chemotherapy and
radiotherapy, are apparently additively toxic not only at the
pituitary level6 but also at both the glandular and the skele-
tal level.21–23 With spinal irradiation techniques used during
the early era of radiotherapy, subfertility and hypo-
thyroidism affected approximately one-third of survivors.
This figure was doubled by the added toxicity of chemo-
therapy.21,22 While the evidence for the additive effect of
chemotherapy is based on the observation of temporary

elevations in thyroid-stimulating hormone (TSH) after
Hodgkin’s disease chemotherapy, its independent role in the
pathogenesis of sustained thyroid dysfunction is less evi-
dent. Hypothyroidism and gonadal dysfunction are much
less common in young adult survivors of radiotherapy
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Figure 24.5a,b,c (a) By the end of craniospinal irradiation (dxr), 
the cohort of prepubertal patients studied were already short.
Despite the early (within two years from diagnosis) institution of
growth hormone (GH) therapy, there was inadequate catch-up
growth back to the original centile at adult height. The adult
height deficit was incurred largely after onset of puberty, the
pubertal spurt being early (b) and increasingly attenuated with
age (c). It was due to incomplete spinal (not leg length) growth.
The latter was normalized with prompt GH replacement therapy,
allowing the majority of patients to achieve an adult height
within the normal centiles. (Redrawn from Spoudeas)19a



treated more recently,5 with virtually no evidence so far of
long-term adrenal dysfunction (Figure 24.3b).

Thyroid dysfunction

Radiation damage to the thyroid gland causes hypothy-
roidism, sometimes associated with autoimmunity usually
compensated by increased TSH production, and thyroid
tumors. Hypothyroidism is dose- and time-dependent. It
has been well documented after fractionated doses to the
neck in excess of 25 Gy.24 It has also been documented in
the longer term after scattered doses to the thyroid as low
as 0.3 Gy for benign disease in childhood25 and after 
natural radiation fall-out experiments, such as following
the Chernobyl disaster.26

Elevations in TSH have been attributed to primary
thyroid gland damage. Because of the carcinogenic poten-
tial of prolonged stimulation of the irradiated gland,
annual thyroid function tests (with thyroxine replacement
if TSH is persistently elevated), thyroid palpation (with
ultrasound and needle biopsy of isolated nodules) are
recommended. However, documented TSH normalization
and thyroid recovery after craniospinal irradiation22

raises the possibility that elevations in TSH may be evi-
dence of higher hypothalamic irradiation damage, disturb-
ing the normal day-to-night TSH variation by obliterating
the nocturnal TSH surge (Figure 24.6).13,27

Precocious puberty

Precocious (early) puberty is a recognized presentation
of optic, hypothalamic, and other “central” tumors, but it
has also been detected after treatment for more laterally or
inferiorly placed tumors.7, 29 Possible coexistent gonadotox-
icity induced by chemotherapy 30,31 or spinal irradiation21

confounds the true prevalence. Gonadotrophin defi-
ciency arresting pubertal development is also possible,21

although this is more likely after high-dose irradiation of
pituitary or closely located tumors.4,32

Early puberty, related directly to the age at irradiation,29

occurs particularly but not exclusively in girls, whose
hypothalamic gonadotrophin pulse generator is known
to be more sensitive. It is more evident after lower cranial
doses used in leukemia (24 or 18 Gy) than after the
higher (�35 Gy) cranial irradiation doses used in brain
tumors. This finding has become more evident since
spinal irradiation, and thus scattered ovarian irradiation,
was omitted from neuraxial prophylaxis. Early puberty
also occurs after episodes of prolonged intracranial pres-
sure due to obstructive hydrocephalus. Its importance in
these situations is that it can severely limit growth poten-
tial. To the untrained eye, an early, albeit attenuated,
growth spurt can mask GH deficiency (Figure 24.7) until
it is too late for intervention with replacement therapy.
A similar situation can exist with obesity.

Reproductive capacity

It is difficult to forecast the growth, pubertal progress,
and ultimate reproductive potential of a prepubertal
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Figure 24.6 The 24-hour 20-minute thyroid-stimulating
hormone (TSH) profile of a five-year-old girl with
medulloblastoma before (upper panel) and six (middle panel)
and 12 (lower panel) months after craniospinal irradiation,
indicating loss of the normal nocturnal TSH surge. Thyroxine and
TSH levels remained well within the normal range. This pattern
of disturbance has been thought to represent hypothalamic
dysfunction. (Redrawn from Spoudeas.13)

Thyroid

• After craniospinal irradiation, with or without
additional chemotherapy, primary thyroid and
gonadal dysfunction may coexist with (and mask)
thyrotropin-releasing hormone (TRH) or GnRH
hypothalamo-pituitary disturbance.

• The loss of the nocturnal TSH surge and the
possible “recovery” of compensated
hypothyroidism after cranial irradiation may
indicate higher hypothalamic disturbance.

• Compensated primary hypothyroidism after
cranial or craniospinal irradiation deserves
treatment to suppress TSH because of the risk of
malignancy in the irradiated thyroid gland.

• Thyroid swellings should be assessed carefully
with scans, needle biopsy, and a low threshold for
thyroidectomy (according to forthcoming
national BSPED/UKCCSG guidelines.)28
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child receiving both cranial irradiation (with its potential
effects on pituitary hormone secretion, both activating
and depleting),and potentially gonadotoxic therapy, since
many sites on the hypothalamo-pituitary target-gland
axis may be affected simultaneously by multimodal ther-
apies and/or disease. Subclinical target-gland toxicity (such
as might occur after lower or scattered irradiation doses
to the gonad21) may carry important implications for
future reproductive capacity, which may not be detectable
for many years. Indeed, the observation that early puberty
is evident, despite gonadotoxic chemotherapy and scat-
tered gonadal irradiation,22 suggests that disrupted hypo-
thalamic control predominates over peripheral target
gland toxicity, at least at these low estimated scattered irra-
diation doses to the ovary (approximately 4 Gy)31 or testis
(�2 Gy).30 For such reasons, it is important to ascertain,
if possible, longitudinal growth, puberty, and hormonal
data before treatment and at intervals thereafter until
growth and puberty are complete. Such assessments are
ideally performed together with questionnaire-derived

quality-of-life (QoL) outcomes (see Chapter 27). Despite
the long follow-up required, final height data and long-
term reproductive outcome are important outcome meas-
ures impacting on QoL, which are being addressed in the
newest UK Children’s Cancer Study Group (UKCCSG) and
Société Internationale de Oncologie Pédiatrique (SIOP)
protocols for primitive neuroectodermal tumor (PNET).

FACTORS INFLUENCING FERTILITY

All girls are born with a fixed ovarian pool of oocytes,
which undergo progressive atresia from before birth until
the menopause. Given the larger residual ovarian pool 
in younger (as opposed to older) girls, and the greater
radiosensitivity of the testicular (sperm-producing) Sertoli
cells as compared with the (hormone-secreting) Leydig
cells,33,34 it is likely that most children with brain tumors
will experience a spontaneous puberty, often earlier than
expected, despite scattered spinal irradiation and
gonadotoxic chemotherapy.7 However, this does not
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Figure 24.7 This young boy’s spinal irradiation, early puberty, and hence advanced skeletal maturation (indicated by solid squares)
compromised the amount of “catch-up” growth he could achieve despite growth hormone replacement therapy (indicated by 
arrow).
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exclude the coexistent possibility of male subfertility or a
premature menopause35 at some time in the future, nor of
bone demineralization due to subclinical sex steroid defi-
ciency. In addition, there is evidence for dose-dependent
recovery of sperm counts with time after graded irra-
diation doses to the testis36 while after gonadotoxic
chemotherapy the speed of recovery can be modulated
hormonally,37 provided the doses are not ablative.38

Therefore, in the youngest patients, there may be a win-
dow for the application of assisted reproductive technol-
ogy, which has revolutionized male infertility.39 Early
referral to an endocrine or reproductive center for both
males and females is recommended for detailed counseling
about future reproductive and sexual health. In selected
cases, pre-treatment gamete cryopreservation is an effec-
tive insurance strategy being increasingly considered in
adolescents.

Adult growth hormone deficiency

After treatment for brain tumor and cranial irradiation
for leukemia, GH deficiency is common. Its prevalence
increases with time and affects almost all cranially irradi-
ated survivors within five years.7,40 Its diagnosis is com-
plicated by early puberty, obesity, and the confounding
effects of spinal irradiation. Accurate diagnosis requires a
high index of suspicion and careful growth and develop-
ment surveillance. In a recent multicenter report, the pre-
valence of GH replacement therapy among 545 patients
(age under 15 years at diagnosis) after treatment for
medulloblastoma varied from five to 73 per cent and was
commenced on average four years after diagnosis.41 GH
deficiency has also been blamed for osteopenia, obesity,
atherogenic lipid profiles, decreased cardiac performance,
and reduced QoL due to the adult GH deficiency syn-
drome.42 Cardiac contractility may be reduced further by
significant (30 per cent) irradiation scatter to the medi-
astinum from the spinal dose,43 while the adjuvant toxicity
of potentially cardiotoxic chemotherapeutic agents needs
to be considered in this context and also in relation to the
potential for lung fibrosis.43

Although GH replacement in physiological doses
appears safe in these patients from the point of view of dis-
ease relapse,41,44 there have been concerns that supraphysi-
ological doses of GH may promote tissue overgrowth,45

which could enhance the risk of tumor recurrence or sec-
ond tumor development in adult life. However, there is as
yet no evidence for this in childhood.

Obesity

Obesity may occur as a result of cranial irradiation
and/or the brain tumor itself,46 although it is harder to

explain in those without hypothalamic lesions.47 Untreated
growth and thyroid hormonal deficiencies may contribute.
Excessive weight gain is a recognized complication of
suprasellar, but not intrasellar, tumors and their treat-
ment. For some time, growth may be maintained in the
face of GH deficiency by increased insulin-like growth fac-
tor (IGF)-bioavailability, modulated in turn by hyperinsu-
linemia, which further drives the obesity (Figure 24.8).48

There is some evidence to suggest that obesity in these cir-
cumstances results from ventromedial hypothalamic
lesions causing disinhibition of vagal tone at the level of
the pancreatic beta cell. In extreme cases, truncal vago-
tomy has alleviated the obesity.49

The tendency to obesity observed in cranially irradi-
ated youngsters without hypothalamic lesions is harder
to explain and just as difficult to treat.47 Whether the
eventual insulin resistance is also primarily the result of
increased vagal tone or secondary to hyperphagia involving
central satiety centers is unknown. Corticosteroid use50

and reduced exercise51 may also be important contribu-
tory factors. Obesity and insulin resistance pose a real risk
of premature death from diabetes and cardiovascular
disease. GH deficiency aggravates obesity, while GH ther-
apy decreases fat mass, increases lean mass through direct
actions on adipocytes, and suppresses leptin in parallel.52

Both insulin and leptin are suppressed by somatostatin,
which paradoxically may improve short-term insulin
resistance in this situation.47 Leptin signaling modulates
energy balance via effects on the hypothalamus and other
tissues, maintaining adipose tissue mass within a finite
physiological range. Any role that disturbances in this
pathway might play in the evolution of obesity (or early
puberty) after cranial irradiation still remains to be elu-
cidated, but healthy lifestyle measures and possibly adult
GH replacement therapy need to be considered in these
circumstances, particularly if there are other significant
endocrinopathies.

Impaired bone mineralization

Osteoporosis has been blamed on the adult GH defi-
ciency syndrome, but skeletal changes observed in cancer
survivors may also be attributable to other hormonal
(sex steroid) deficiencies. Skeletal irradiation,18 cortico-
steroids, and antineoplastic agents53–55 may also impair
mineralization directly or indirectly by inducing renal
tubulopathies. Disease,56 prolonged bedrest, and changes
in vitamin D metabolism may also influence bone mineral
density (BMD). Concern that a lower peak bone mass in
adolescence will cause osteoporosis later in adult life is
therefore valid. However, the interpretation of surrogate
markers of BMD, such as dual energy x-ray absorptiom-
etry (DEXA) measurements at the lumbar spine, needs
to be undertaken with care. Sex- and age-standardized
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Figure 24.8a Although this young girl received no spinal irradiation, her cranial irradiation (at reduced dose 24 Gy) for leukemia
caused pubertal growth hormone deficiency, which was missed due to an early but suboptimal growth spurt and continued 
growth at the expense of excessive and inexorable weight gain. Her adult height potential was compromised significantly 
as a result.
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reference charts may be misleading in a population that
is short because of GH deficiency and spinal irradiation,
and with pubertal maturation delay.57 In adults, other
femoral and distal radial sites may be used, but correc-
tions should still be made for size.57 Volumetric densities,
independent of bone size and measured with quantita-
tive computed tomography (CT), are the current gold
standard.58 Future prospective studies are necessary to
help delineate the multifactorial etiology of peak bone
mass impairment and to encourage appropriate inter-
vention strategies.

Osteoporosis

• Correction factors for size are needed when
assessing BMD in the cancer survivor.

• Hormone and dietary replacement therapies
should be optimized to aid peak bone mineral
accretion, age-appropriate puberty, uterine
enlargement, and hair regrowth, and to
prevent obesity.

• Weight-bearing, aerobic exercise and a healthy
calcium-containing diet should be encouraged
to prevent osteopenia, obesity, and insulin
resistance.

• GH replacement therapy should be considered
in adult life for those with severe and multiple
pituitary deficiencies.

• The benefit of GH replacement in the 
adult with isolated GH deficiency is not
proven.
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SUMMARY

Figure 24.9 summarizes the endocrine consequences of
CNS tumors and their treatments.

Effects in the immature individual

The endocrine system is highly vulnerable to damage
from primary CNS tumors and their treatment. In plan-
ning any treatment aimed at the tumor, a number of con-
sequences must be balanced against the predicted benefits
of the planned treatment.

Sustained and uncontrolled raised intracranial pres-
sure is common at the time of presentation, due to 
lag time between onset of symptoms and diagnosis.
Sustained periods of raised pressure may contribute to
the development of precocious puberty, particularly in
girls, GH deficiency, and cognitive impairment.

Surgical attempts at tumor resection in the vicinity of
hormone-secreting structures can cause severe damage,
e.g. craniopharyngioma surgery, resection of hypothala-
mic, pineal, or pituitary tumors, and be additive to pre-
existing endocrinopathies. Postoperatively, these children
can have major life-threatening problems with hormone
deficiencies of both anterior and posterior pituitary hor-
mone production further complicated by adipsia and
hyperphagia. Antidiuretic hormone (ADH)-deficiency
presents particularly difficult short- and longer term
management problems related to achieving fluid balance,
in the cortisol-deficient, unconscious or hypodipsic child.

Craniospinal irradiation, used for treatment of malig-
nant tumors with capacity for CSF dissemination,
e.g. medulloblastoma, CNS involvement with acute lym-
phatic leukemia, or germ-cell tumors, has the capacity to
profoundly affect both growth and pubertal develop-
ment through hypothalamic pituitary damage, the inhi-
bition of GHRH and somatostatin release, primary
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Hormones and control centers
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Figure 24.9 Summary of the existing knowledge of tumor and treatment effects on endocrine and reproductive organs. Solid arrow
indicates proven toxicity, dotted arrow indicates probable toxicity (ACTH, adrenocorticotrophic hormone; ADH, antidiuretic hormone;
CRH, corticotrophin-releasing hormone; FSH, follicle-stimulating hormone; GH, growth hormone; GHRH, growth hormone-releasing
hormone; GnRH, gonadotrophin-releasing hormone; LH, luteinizing hormone; SMS, somatostatin; T3, tri-iodothyronine; T4, thyroxine;
TRH, thyrotropin-releasing hormone; TSH, thyroid-stimulating hormone; VIP, vasoactive intestinal peptide.)
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hypothyroidism from scattered thyroid irradiation, and
the direct effect of spinal column irradiation, which com-
promises the adolescent spinal growth spurt. Taken
together, the worst situation arises in the girls who are
smallest and youngest; a poor prepubertal growth veloc-
ity, reduced sitting height, and early puberty can severely
compromise the adult final height and put the individual
at risk of exaggerated central obesity. Previously, radio-
therapy techniques delivered scatter doses of radiation to
the ovaries in some young girls, which could compro-
mise both hormone and egg production.

Effects in the mature individual 
(late survivor)

The consequences of this endocrine damage in mature
individuals must still be determined by long-term 
follow-up studies. Lifelong hormone deficiencies, includ-
ing panhypopituitarism, primary hypothyroidism, and
isolated GH deficiency, are well recognized after hypotha-
lamic/pituitary surgery and/or craniospinal radiotherapy.
They require lifelong hormone replacement therapy if
symptoms attributable to the deficiency are identified or
predicted. Disturbances of sexual function and/or fertility
may be related to panhypopituitarism or may be due to
direct gonadal damage by chemotherapy or radiotherapy.
Obesity and osteoporosis, the possible end results of brain
tumor therapy, cause long-term public health implica-
tions in relation to hypertension, diabetes, cardiovascular
disease and osteoporosis.

Chemotherapy is not thought to cause profound effects
on central endocrine control but the few early studies
which do examine this aspect suggest a concern which
requires further longitudinal assessment of children
treated with chemotherapy alone in endocrine clinics.
Selected chemotherapy agents, particularly in high cumu-
lative doses, may cause a reduction in egg number in girls,
which may lead to a predicted shortened fertile period and
premature menopause. In boys, the damaging effects of
selected chemotherapy agents, particularly in high cumu-
lative doses, may cause oligospermia and azoospermia and
therefore reduced natural fertility, although assisted fertil-
ity techniques are offering an increasing range of alterna-
tive approaches to this type of problem. The combined
effects of pelvic irradiation (from spinal irradiation) and
chemotherapy may be additionally and potentially more
toxic to spinal growth and reproductive capacity.

Conclusion

• Cranial irradiation to the HPA usually results in
endocrine dysfunction. Its incidence, time course,
and severity are dependent not only on the dose,
fractionation, and time elapsed since irradiation, but
also on the sensitivity of each hormone and each site
to the damaging mechanisms. In addition to
radiation, tumor position, surgery, and chemotherapy
also contribute to late toxicity at all levels of the
hypothalamo-pituitary-target-gland axis and thus
mandate endocrine follow-up for all patients with
brain tumors, regardless of therapy.

• Lifelong endocrine follow-up, in an age-appropriate
multidisciplinary setting, is certainly necessary after
cranial irradiation, and possibly after any brain
tumor therapy, to detect and differentiate evolving
central from peripheral endocrinopathies.

• If tumors have not involved the “central” pituitary
area, then the GH axis is the most sensitive and the
adrenal axis the most resistant to the effects of direct
irradiation.

• Interpreting growth rates of children with radiation-
induced skeletal lesions in the face of disturbances 
of GH release and discrepancies between 
different provocation tests will help to define
physiological abnormalities, target potential
protective strategies, and the most appropriate
replacement therapy.

• Instituting therapy early may be of especial benefit in
promoting normal pubertal and social adjustment,
growth, fertility, and bone mineralization. An
increasing number of reports suggest an important
role for GH therapy in aging hypopituitary adults to
optimize atherogenic lipid profiles, body mass, and
bone density, and therefore QoL. This is yet to be
evaluated fully in younger populations.

Future goals

• National cross-specialty longitudinal studies of
adequate duration to address QoL outcomes in
specific tumor cohorts and treatments.

• Prospective clinical and biochemical growth,
pubertal, bone mineralization, fertility, and QoL
data collection in national studies.

• Comparison of endocrine outcomes between
randomized groups conducted in parallel (rather
than in series).

• More prospective physiological studies addressing
causation and clinical consequences of HPA
dysfunction, early puberty, obesity, and
osteoporosis.

• More randomized therapeutic intervention
studies to prevent obesity and osteoporosis.

• Randomized protective intervention strategies 
of the HPA or gonadal axes before/during cancer
therapy.
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• Resources directed at encouraging a healthy, active
lifestyle and increased metabolic expenditure may
delay the need for adult GH replacement in those
with isolated GH deficiency.

• Oncologists and radiotherapists must plan the
timing of treatment protocols with the intention of
reducing neuroendocrine morbidity and prolonging
survival.

• Reducing the neuroendocrine burden of morbidity,
whether due to treatment or tumor damage, will
lighten the load for the brain tumor survivor, who
may also be struggling with the neurological or
cognitive consequences of brain injury. These are
discussed below.

NEUROLOGICAL FUNCTION

The wide variety of motor and sensory neurological
deficits that children experience in relation to the anatom-
ical site of the tumor and its treatment are beyond the
scope of this chapter. However, some specific deficits of
general relevance are considered below, with particular
reference to strategies for prevention.

Specific patterns of neurological 
dysfunction

CEREBELLAR MUTISM

This is a well-recognized postoperative syndrome after
cerebellar tumor surgery, with 29 per cent of children
having clinical evidence in one prospective series.1 Risk
factors include the site (midline) and nature (medul-
loblastoma) of the tumor; patients with large medul-
loblastomas are particularly at risk.1 The postoperative
symptoms are usually dominated by lack of speech, but
there may be other components of the posterior fossa
syndrome, including ataxia, cranial nerve palsies, bulbar
palsies, hemiparesis, cognitive impairment, and emo-
tional lability. It develops a few days after surgery and may
last for several months or longer, often to be followed by
dysarthria. The most accepted cause for the condition is
vascular spasm, with involvement of the dentate nucleus
and the dentatorubrothalamic tracts to the brainstem
and subsequently to the cortex. Diaschisis, reduction of
blood flow in the contralateral hemisphere in relation to
cerebellar pathology, may be involved in causing the loss
of higher cerebral functions, although a recent single-
photon-emission computed tomography (SPECT) study
suggested that this was not the case.59 It is also possible
that complicating hydrocephalus plays a role, although
there was little evidence for this in a large prospective
series.1

HEARING LOSS

High-frequency hearing loss, progressing to involve the
speech frequency range (500–3000 Hz), is a major dose-
dependent toxicity of cisplatin. However, other factors
such as the dose per course and drug scheduling may be
important. This effect is compounded by young age, the
tumor itself, preceding cranial irradiation, and dark eye
color. Of the 65 patients treated in CCG 9892, 21 
(32.3 per cent) developed grade 3 or 4 ototoxicity.60

In these patients, hearing loss occurred from the third to
seventh cycle of lomustine (CCNU), cisplatin, and 
vincristine chemotherapy. Ototoxicity was the principal
reason for dose modification or curtailment of chemother-
apy. By contrast, grade 3 or 4 ototoxicity occurred in only
ten per cent of patients with medulloblastoma treated on
the maintenance arm of the HIT 91 study, despite similar
chemotherapy.61

VISUAL DISORDERS

In patients with anterior visual pathway optic gliomas,
craniopharyngioma, or pituitary tumors, compromised
vision often precipitates therapeutic intervention. Patients
with optic glioma who do not have neurofibromatosis are
particularly vulnerable (see Tables 13b.2 and 13b.3).62 One
study of optic gliomas demonstrated progressive deterio-
ration in the worse eye over time and, despite treatment,
no change in the better eye. This was independent, regard-
less of neurofibromatosis type 1 (NF-1) status, suggest-
ing that the damage was earlier, tumor-induced damage
evolving over with time.63 Visual field or occipital cortex
deficits can also compromise vision in a large number of
cerebral and hypothalamic tumors. Paralytic squints and
ophthalmoplegias may compromise functional visual
ability and lower educational achievement.

CEREBROVASCULAR DISEASE AND STROKE

Perioperative stroke
Stroke may occur immediately after brain tumor surgery,
either as a direct effect of surgical interference with the
cerebral vessels or secondary to sinovenous thrombosis if
the patient becomes relatively dehydrated.64–68 Since
thrombophilia and systemic venous thrombosis are both
common in patients with brain tumor,69,70 this compli-
cation may be more frequent than has been documented
to date, as the symptoms and signs may be masked by those
of the tumor. Reversible posterior leukencephalopathy in
the context of fluctuations in blood pressure has been
reported after surgery for a posterior fossa tumor71 and
again could be difficult to diagnose.

Non-perioperative stroke
Non-perioperative stroke has been well described and
has an incidence of 4.03 per 1000 years of follow-up.72



Cerebrovascular disease and arterial stroke are well recog-
nized associations with suprasellar tumors, including optic
and hypothalamic glioma, germinoma, pituitary adenoma,
and craniopharyngioma.73–99 Occasionally, cerebrovascu-
lar disease has been described in tumors in other loca-
tions, such as brainstem glioma100 and medulloblastoma/
PNET.101–103

The basal cerebral vessels are usually stenosed or
occluded, and there is often a network of collateral vessels
similar to those seen in primary moyamoya. The pathol-
ogy appears to be endothelial proliferation and thicken-
ing of the tunica intima and tunica muscularis of the
internal carotid and basal cerebral arteries.104,105 There
may, however, be significant radiological and pathologi-
cal differences from primary moyamoya.95 The majority
of patients present with transient ischemic attack (TIA)
or infarctive stroke, but hemorrhagic stroke secondary to
aneurysm has been described.106

Risk factors for cerebrovascular disease and stroke
Risk factors for cerebrovascular disease and stroke include
the nature of the tumor, the extent of debulking surgery,
and the radiotherapy dose (Table 24.2).72,92 Vasculopathy
appears to be commoner with optic glioma than with
other tumors,72 but some series have reported no cases.62

In a large series from one center, radiotherapy was the
strongest risk factor, with chemotherapy being of bor-
derline significance.72 In midline tumors, such as cranio-
pharyngioma and hypothalamic or optic glioma, stroke
may occur even in children who have not received radio-
therapy.72 Encasement of the cerebral vessels by tumor,
which may necessitate additional surgery and handling

of the vessels, appears to increase the risk. It is possible
that there are angiogenic growth factors related to the
tumor.107 Patients may have vascular risk factors,99,108 and
the process may be one of accelerated atherosclerosis.108

There is evidence for abnormal flow-mediated dilation
after radiotherapy, which suggests that the mechanism of
vascular damage may involve nitric oxide bioavailability.109

Genetic predisposition to vascular disease appears to be 
a risk factor, particularly NF-1,85,86,110 which is associated
with vasculopathy in the absence of tumor or radiation,111

perhaps related to the gene for familial moyamoya disease
close to the NF-1 gene on chromosome 17112 or to the
predisposition of patients with NF-1 to hypertension.113

Other predisposing factors may include those for throm-
bosis, such as hyperfibrinogenemia and the factor V Leiden
mutation,114–117 and those for atherogenesis, such as hyper-
tension,118,119 diabetes,108 hyperhomocysteinemia,117,120

and hyperlipidemia;99,117 however, there are very few data
available at the present.72 Cholesterol levels do appear to
be higher in patients with brain tumors at the time of
diagnosis than in the general population,121–123 and hyper-
triglyceridemia has also been reported.124,125 Although
there may be no etiological link in terms of oncogenesis,123

dyslipidemia may play a role in cerebrovascular disease.
The secondary endocrine problems, such as hypopitu-
itarism and Cushing’s syndrome, and their treatment,
e.g. with GH, may have as yet unidentified effects on
endothelial function and the risk of small- or large-vessel 
disease.125,126 It is also possible that relative immunodefi-
ciency, exposure to infection, and the host reaction to
infection play a role, as they appear to do in other etiologies
for childhood stroke.118 Other common childhood infec-
tions, such as varicella zoster,118 also appear to be associ-
ated with vasculopathy and stroke in children and could
exacerbate radiation-induced vascular disease. Anemia
and hypoxia may be risk factors for cerebrovascular dis-
ease and stroke in children and are relatively common in
those who are chronically sick.127–130 The relative impor-
tance of various risk factors may vary with age, ethnicity,
and underlying diagnosis, as is the case in childhood 
stroke in general,118,131 but there is a good case for inves-
tigating for vascular risk factors not related to the tumor
or its treatment, since recurrence and outcome are
related to the number of risk factors132 and many are
modifiable.131

DIFFUSE BRAIN DAMAGE

Effects of radiotherapy
It is becoming increasingly clear that there is a significant
cost in terms of neurological, behavioral, and cognitive
sequelae for children who survive brain tumors (see
Chapter 26). This appears to be due to widespread effects
of radiotherapy on neuronal, glial, and endothelial cells, for
which the pathological evidence is reviewed here before a
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Table 24.2 Investigation to identify possible risk

Full blood count and differential white cell count
Iron, folate, red cell folate, vitamin B12
Erythrocyte sedimentation rate (ESR)
Hemoglobin electrophoresis if appropriate ethnic group
Thermolabile methylene tetrahydrofolate reductase (tMTHFR) 

gene
Total homocysteine
Fasting cholesterol and triglycerides, lipoprotein (a)
Infection screen, including Mycoplasma, Chlamydia,

Helicobacter, and Borrelia titers
Serum and cerebrospinal fluid to look for intrathecal
production of antibodies to varicella zoster
Sleep study to look for obstructive sleep apnea or nocturnal 

hypoxemia
Protein S (total and free), protein C, anti-thrombin III, heparin 

co-factor II, plasminogen
Von Willibrand factor antigen, factor VIII, factor XII
Lupus anticoagulant
Anticardiolipin antibodies
Factor V Leiden and activated protein C resistance
Prothrombin 20210 gene
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discussion of strategies for neuroprotection that might
be explored.

Pathology
The available evidence suggests that the oligodendro-
cytes and endothelial cells are involved in radiation dam-
age.133 Injury to the endothelium of the small vessels may
result in a cascade of events, leading to increased vascular
permeability and fibrinoid necrosis of the vessel wall.134

In rabbits with hypercholesterolemia, 5 Gy of radiation
caused small- and medium-sized-vessel disease, with
deposition of lipophages and changes to the elastic struc-
ture.135 Similar changes may occur in humans.136,137

Large vessels may also be infiltrated by fat-laden
macrophages.138

Imaging
Some, but not all, of the changes secondary to radiotherapy
may be visualized on conventional magnetic resonance
imaging (MRI).139 Full-scale IQ, factual knowledge, and
verbal and performance thinking (but not sustained atten-
tion or verbal memory) in patients with posterior fossa
tumors is related to the volume of normal-appearing
white matter (NAWM).140 Compared with controls with
low-grade cerebellar tumors, the volume of NAWM is
lower in patients treated with chemotherapy as well as
radiotherapy.141 In one study the rate of loss of NAWM
volume was 23 per cent lower in those receiving 24 Gy
craniospinal radiotherapy (CSRT) than in those receiv-
ing 36 Gy.142 Quantitative T1 mapping shows an effect on
white matter at doses over 20 Gy and on grey matter at
doses over 60 Gy.143

Imaging also provides some evidence for small-vessel
vasculopathy. Lacunar infarcts were seen in 25 of 421
children who had radiotherapy or chemotherapy for brain
tumor but in none of those treated with surgery alone.144

However, IQ was not lower in those with lacunes than in
age- and diagnosis-matched controls. Fourteen patients
had craniospinal irradiation and 11 had local radiotherapy
only. The strongest predictor of lacunar infarction was
age under five years at the time of radiotherapy. Cerebral
calcification shows high rather than low intensity on T1,
suggesting a mineralizing microangiopathy.145 Magnetic
resonance spectroscopy (MRS) has also been performed
in children who have undergone brain irradiation. In one
study of children with leukemia, the N-acetyl aspartate/
creatine ratio was not related to age at diagnosis but
decreased progressively with time since diagnosis.146 How-
ever, in another study, proton spectroscopy markers were
not different from controls in 14 children irradiated for
acute lymphatic leukemia (ALL) or tumor and only
choline/water related to full-scale IQ.147

There is also evidence for reduced cerebral blood flow
and metabolic rate in association with neurological and

cognitive sequelae. For patients with leukemia and
treated with radiotherapy and chemotherapy, there is
evidence for reduced glucose metabolism in the white
matter and thalami.148 In adults, SPECT may show focal
perfusion deficits that correlate with neuropsychological
deficit in patients who have undergone radiotherapy.149

Positron-emission tomography (PET) may help to dis-
tinguish between postsurgical or radiation damage and
recrudescence of the tumor.150,151 One case report sug-
gests that diffusion-weighted MRI may also be useful in
this context.152

Other risk factors for diffuse brain damage
Neurological and cognitive function may also be affected
by associated hormonal deficiencies. Calcification of the
basal ganglia was seen in five per cent of brain tumors in
a Dutch center and was associated with a larger IQ loss
and a higher incidence of hypothyroidism and GH defi-
ciency, which might possibly have an etiological role.153

As discussed above, hypopituitarism may be associated
with dyslipidemias.124,135 In adults, there is some evidence
for an additional effect of anticonvulsants, especially car-
bamazepine,154 and this possibility should be examined
in children; it is certainly sensible to avoid polypharmacy
for epilepsy.

Management of neurological complications

DIAGNOSIS AND ACUTE MANAGEMENT OF STROKE

MRI (including diffusion and perfusion), magnetic reso-
nance arteriography (MRA), and magnetic resonance
venography (MRV) are very useful in pediatric stroke,
where there is a wide variety of possible pathologies.155

Although it can be done with MRI, emergency CT may
be needed to exclude hemorrhage. However, infarction is
commonly not seen in the first few hours, and MRI is
more likely to be able to define extent and territory, par-
ticularly if diffusion imaging is used to differentiate acute
from chronic infarction or from tumor.152,156 MRA may
be used to define the vascular anatomy of the circle of
Willis and neck vessels in the majority of cases, and
avoids the complications associated with conventional
angiography, although the latter may be needed to
exclude small-vessel disease or if surgery is planned, e.g.
for moyamoya. MRV may be required to exclude sagittal
sinus thrombosis, which may occur after neurosurgery or
chemotherapy. Perfusion imaging demonstrates areas of
abnormal cerebral blood flow, blood volume, and mean
transit time.156,157

In adults, the main focus of recent studies of treatment
has been in looking at the possibility of minimizing the
effect of the initial stroke, using either thrombolysis or
neuroprotection. One controlled study of intravenous
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tissue plasminogen activator (t-PA), conducted in adults
who could be randomized within three hours, showed
significant benefit in terms of outcome at three months.
However, thrombolysis in adults carries a ten per cent risk
of hemorrhage, associated with considerable mortality.
The results beyond a three-hour time window have been
very disappointing, and only about five per cent of
patients fulfil the criteria for treatment (no recent opera-
tive procedure, hemorrhage excluded on CT scan within
three hours of onset of symptoms). Although children
with a stroke often present to a doctor within three hours,
because of the rarity of stroke, the low sensitivity of CT
for acute infarction and the wide differential in this age
group means that the diagnosis is rarely made with any
degree of certainty at this stage. In addition, mortality is
lower in children, and most children presenting with
stroke can probably expect to lead independent lives as
adults. It is therefore difficult to see a major role for t-PA
in this age group at the present time, although it may
occasionally be justified in children known to be at risk
(e.g. because of brain tumor) and who develop stroke in
hospital. Patients who have undergone a recent operative
procedure are currently excluded. Infarct volume and
outcome appear to be related to body temperature dur-
ing the first few days of the stroke. A direct causative
effect remains unproven, but maintaining body temper-
ature just below 37°C is unlikely to do harm. Apart from
preventing fever, there is currently no neuroprotective
strategy available that can be recommended for use in
children in the acute phase.

There are, nevertheless, a number of management
strategies for individual patient groups that may make a
difference, in addition to the need for clot removal in
hemorrhage.155 Seizures in the acute phase should be
managed appropriately, although there is no evidence for
a detrimental effect on outcome in adults. There is a case
for surgical decompression155 in children presenting in
coma with large ischemic middle cerebral infarcts, which
are almost always fatal if managed conservatively.

The acute management of the remaining patients
remains controversial, and many physicians give no spe-
cific treatment. The question of anticoagulation remains
a difficult one.158 One large trial in adults suggested ben-
efit, but others have demonstrated increased morbidity
and mortality. Despite the risk of hemorrhage, there are
some patient groups, e.g. those with vessel dissection,
venous sinus thrombosis, and known prothrombotic
abnormalities, who should probably be anticoagulated
acutely to prevent early recurrence. Aspirin appeared to
be associated with a modest improvement in outcome,
probably because of a reduction in early recurrence and
perhaps in addition via its antipyretic effect, in two very
large controlled trials in adults, the results of which have
now been combined.159 The risk of hemorrhage appears

to be lower with aspirin than with anticoagulants, and
although there is no evidence of benefit in children, it is
a reasonable option.

PREVENTION OF RECURRENT STROKE

Diet and lifestyle
Table 24.3 summarizes the dietary and lifestyle manage-
ment of vascular risk factors.

B-complex vitamin supplementation is probably rea-
sonable in those with hyperhomocysteinemia, although
more research is required.120 Children with hypercholes-
terolemia or high lipoprotein (a) should reduce choles-
terol intake in childhood and might be candidates for
prophylaxis with statins160 if at particularly high risk of
vascular pathology. A controlled trial has suggested that
children with familial hypercholesterolemia, who are at
high risk of cardiovascular and cerebrovascular disease,
appear to have an improved lipid profile with few side
effects,160 but more long-term studies are needed. Blood
pressure should be checked routinely, and consideration
should be given to starting therapy for hypertension if
blood pressure remains above the ninety-fifth centile for
age as adolescence/adulthood is entered.118 Advice should
be given about the risks of smoking.

Table 24.3 Management of vascular risk factors

General advice about:
improving diet, e.g. increasing intake of fruit and vegetables to
five portions/day, decreasing consumption of fat in junk food
taking more exercise, e.g. walking to school
seeking immediate medical attention in hospital if further
symptoms

Specific advice for patients with the following risk factors:
For moyamoya:

Consider revascularization, particularly if transient
ischemic attacks or cognitive decline
Exclude nocturnal hypoxaemia/obstructive apnoea

For those with blood pressure �90th centile for height and age:
Low-salt diet
Consider antihypertensives

For homozygotes for the tMTHFR gene and patients with
hyperhomocysteinemia (plasma level �13.5 mM/l):

B-complex vitamin (especially folic acid) supplementation
For those with a persistent prothrombotic disorder, e.g. factor
V Leiden:

Consider warfarin with regular monitoring of INR (discuss
with hematologist in individual case)

For those with hypercholesterolemia (�5.5 mmol/l):
Low-cholesterol diet
Consider cholesterol-lowering agents, e.g. statins

For others with stroke in a vascular distribution and/or
cerebrovascular disease:

Low-dose aspirin (1 mg/kg)
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Antiplatelet or anticoagulant prophylaxis
For ischemic stroke, long-term recurrence prevention is
a controversial issue. The lifelong recurrence risk has not
been defined for children, but as there is commonly cere-
brovascular disease on follow-up MRA, a low-dose aspirin
regime (approximately 1 mg/kg) is probably justified.158

The relative risk of further stroke and life-threatening
hemorrhage on long-term warfarin has not been assessed
for patients with inherited thrombophilias such as factor
V Leiden, but there is occasionally a case for cautious
anticoagulation in some patients, particularly if there are
ongoing symptoms.158

Revascularization surgery
Radiation-associated vasculopathy of the arteries of the
circle of Willis is often associated with a network of col-
laterals not unlike those seen in primary moyamoya.
A variety of direct and indirect extracranial/intracranial
bypass procedures have been used in moyamoya (both
primary and secondary to other conditions such as sickle
cell disease), and such procedures have been used in
patients with TIAs secondary to radiation-induced vas-
culopathy.161 The transient ischemic events are often abol-
ished or reduced by surgical procedures, but the effect on
the risk of ischemic or hemorrhagic stroke or on cognitive
function remains uncertain.

TREATMENT OF RADIATION NECROSIS

Steroids
Steroids may improve the symptoms of radiation necro-
sis, probably by reducing local cerebral edema.162 It has
also been suggested that radiation-associated vasculopa-
thy is in part an autoimmune phenomenon, which may
be exacerbated by coexisting infection and may be treat-
able with steroids.163 The presently available steroids
would, however, produce unacceptable side effects if used
long-term.

Hyperbaric oxygenation
There have been isolated reports of improvement in
radiation necrosis with hyperbaric oxygenation per-
formed soon after diagnosis,164,165 but an animal study
showed no benefit166 and this therapy has not been pur-
sued further.

REHABILITATION, COGNITIVE THERAPY, AND 
EDUCATION

The majority of children who have suffered a stroke 
have significant motor and or learning disabilities,167

with implications for quality of life.168 Appropriate reha-
bilitation with physiotherapy, occupational therapy,
and reintegration into school is therefore essential. In
children who have had a brain tumor, with or without 
an overt stroke, academic and social failure may reinforce
cognitive and behavioral difficulties,169 but, encourag-
ingly, remediation may allow improvement, e.g. in liter-
acy.170,171 Adults receiving surgery and radiotherapy 
may experience a reduction in full-scale IQ, which 
may recover in those who return to work early. Late
improvement may also be seen in children, perhaps 
secondary to targeted education for specific learning 
difficulties.172

Experience of stroke after brain tumor at Great
Ormond Street Hospital, London

Of 212 consecutive patients presenting to Great
Ormond Street Hospital, London, between 1978 and
2000 with arterial stroke,86 five (two per cent) had had
a brain tumor (two craniopharyngioma, two optic
glioma, one hypothalamic hamartoma). Four had
had radiotherapy. The median age at stroke was ten
years (range 15 months–17.5 years), and four were
girls. The child who had not had radiotherapy had
three strokes with infarcts along the border zone
between the anterior and middle cerebral arteries,
beginning a few days after complete excision of a
craniopharyngioma (Figures 24.10–24.12). MRA
and conventional angiography were normal, but the
patient had familial hypercholesterolemia, was
homozygous for the thermolabile variant of the
methylene tetrahydrofolate reductase gene, which is
associated with hyperhomocysteinemia, and had
iron-deficiency anemia, leukocytosis, thrombocytosis,
and a blood pressure above the ninety-fifth centile
for height and weight. One other patient had a
transient ischemic event after repeat surgery for a
craniopharyngioma, which recurred despite partial
resection and radiotherapy; she did not have vascular
imaging, but she was heterozygous for the factor V

Leiden mutation,84 she was hypertensive, and she
had a high fibrinogen. The other three children who
had had radiotherapy had a bilateral vasculopathy
(Figure 24.13) and were revascularized after the first
stroke. One other patient was hypertensive and one
other was anemic at the time of the stroke. Cholesterol
and triglycerides were not measured in four
children. All five children had recurrent ear and/or
throat infections, three had a high white count at the
time of the stroke, and three of the four asked had a
clinical history suggestive of obstructive sleep apnea.
A sixth child with a craniopharyngioma developed a
left hemiparesis in the context of drowsiness and
vomiting and was though to have had sinovenous
thrombosis that resolved spontaneously.
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(b)

(a)

(b)

Figure 24.11a,b (a) and (b) Ten days after surgery, the patient
referred to in Figure 24.10 developed a left hemiparesis. A
magnetic resonance image (MRI) obtained three days later
showed bilateral shallow subdural collections over the frontal
convexities, which are a common complication of craniotomy,
and right frontal cortical edema.

(a)

Figure 24.10a,b (a) Axial unenhanced computerized
tomography (CT) scan and (b) sagittal post-contrast T1-weighted
magnetic resonance imaging (MRI) scan, showing a large
craniopharyngioma in a ten-year-old girl with a family history
of hypercholesterolemia. Calcification in the cyst wall is seen 
on the axial CT scan. The tumor exerts pressure on and displaces
the chiasm posterosuperiorly and inferiorly involves the 
pituitary fossa. The anterior cerebral arteries are elevated 
and splayed, and the middle cerebral arteries are attenuated 
by the cyst. The cyst was drained for immediate 
relief of pressure effects. Three weeks later, she underwent a
right frontal craniotomy for removal of the cystic and enhancing
solid component.
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(d)

(e)

(f)

(c)

Figure 24.11c,d,e,f (c) and (d) One month later, a repeat MRI showed a new right frontoparietal infarct in the middle cerebral artery 
territory (arrowheads). (e) and (f) Eighteen months later, she had a further episode of left hemiparesis and there was further 
extension of the infarction along the middle and posterior cerebral artery border zone.
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(g) (h)

Figure 24.11g,h (g) and (h) She continued to experience frequent headaches and seizures. The final scan, five years after the original
presentation, shows maturation of the anterior and middle cerebral artery territory infarction.

(a) (b)

Figure 24.12a,b The same girl referred to in Figures 24.10 and 24.11. (a) Magnetic resonance angiography (MRA) at the time of the
first stroke showing complete loss of signal, indicating marked reduction in flow within the proximal right middle cerebral artery and
reduced flow within the insular branches of the middle cerebral artery. Magnetic resonance venography (MRV) performed at the same
time was normal (not shown). (b) Normal anteroposterior projection of the right carotid angiography performed 18 months later.
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(c)

Figure 24.12c Normal lateral projection of the right carotid
angiography performed 18 months later.

(a)

Figure 24.13a–d (a) Computerized tomography (CT) scan
showing a hypothalamic glioma in a boy aged 22 months. He
was treated with radiotherapy and presented three years later
with left- and right-sided transient hemiparesis and seizures.
Magnetic resonance imaging (MRI) showed multiple areas of
altered signal in the left frontal and temporal white matter.
Formal angiography showed poor filling of the main vessels (b),
with collateral formation (c,d,e).

(b)

(c)

(d)



Neuroprotection

Some studies have looked at the possibility of reducing
the radiation dosage without increasing the mortality for
the tumor. Substitution with chemotherapy has been
investigated in the most vulnerable (under three years of
age) patients and where five-year survival rates are already
very high (e.g. leukemias). Increasing the poorer five-year
survival rates (60 per cent) in children with brain tumors
but without increasing intellectual morbidity is being
attempted by substituting more aggressive chemotherapy
and/or the reduction, hyperfractionation, or more focal
(stereotactic) application of the cranial irradiation dose.
However, these strategies carry their own risks of poten-
tially compromising cure rates and causing later additive
toxicity after salvage therapy. An alternative strategy is to
attempt neuroprotection in those at highest risk, but at
present these patients are difficult to identify, and there is
no evidence-based therapy that reduces the brain injury
associated with the treatment of brain tumors.

EARLY DIAGNOSIS AND OPTIMAL SURGICAL TECHNIQUE

There are still unacceptable delays in the diagnosis of
brain tumors in some children,173 and strategies to enable
earlier diagnosis must be instituted as part of clinical
governance. The surgical management of children with
brain tumors is usually conducted by experienced neuro-
surgeons in centers with a large number of patients, but
audit and research into the optimal strategy for each
tumor type and presentation must continue.

REDUCTION OF THE RADIATION DOSE

The toxicity of radiotherapy may be reduced by lowering
the dose or altering the fractionation.174 As part of a 

controlled trial for low-grade medulloblastoma, Mulhern
and colleagues provided evidence that a dose of 36 Gy
was associated with greater neuropsychological decline
than 23.4 Gy and that this effect was greater in younger
children.175 For children with posterior fossa tumors,
Grill and colleagues found that the mean IQ was related
most strongly to the dose of craniospinal irradiation,
with full-scale IQs of 84.5, 76.9, and 63.7 for doses of 0,
25, and 35 Gy respectively, and significant loss of verbal
comprehension for those receiving the higher dosage.176

Kieffer-Renaux and colleagues, from the same group,
found in a controlled trial of 25 versus 36 Gy of whole-
brain irradiation that the higher dose of radiation was
associated with more verbal and performance deficits in
children with medulloblastoma.177 Fuss and coworkers
pooled data from 1938 children and found that, for whole-
brain irradiation, IQ less than 85 was related to dose and
age; thus, for children under three years old, the critical
dose was 24 Gy and for those aged over six years it was
36 Gy.178 Partial brain irradiation had a measurable effect
only at doses over 50 Gy. Reduced-dose radiotherapy for
medulloblastoma was associated with a decline in IQ in
the whole group of about four points/year, i.e. still sub-
stantial but better than previous studies using a higher
dose.179 Certain subgroups may be more vulnerable, so
that, for example, verbal IQ declined more in females, non-
verbal IQ declined more in those treated at a younger age,
and full-scale IQ declined most in those with a higher IQ
at baseline. Another study using lower doses of radiation
for medulloblastoma also shows a loss of 2.55 IQ points/
year of follow-up.180 The raw scores suggested that the
ongoing problem is a failure to learn new information.180

The main concern currently is that any preservation
of cognitive performance may be bought at the expense
of a lower cure rate. For standard-risk medulloblastoma,
five-year survival was lower with 24 Gy of CST than with
36 Gy,181 but survival with adjuvant chemotherapy may
be better.182 However, tumor progression may be com-
moner in those in whom radiotherapy is delayed.183

The management of medulloblastoma in very young
children and in those with disseminated disease is diffi-
cult, as the majority of children progress on chemotherapy
and then require radiotherapy and there is a progressive
reduction in IQ of –3.9 points/year, regardless of whether
radiotherapy is required.184

PREVENTION OF THE VASCULOPATHY

There is evidence from animal studies and early patho-
logical data in humans that small- and large-vessel dis-
ease occurs after irradiation for brain tumors, but the
relative importance of this vasculopathy compared with
direct damage to neurons and glial cells has received 
little attention. This is unfortunate, since there is consid-
erable interest in reducing the impact of genetic and
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environmental risk factors for cerebrovascular disease in
the context of stroke and of vascular dementia. Some of
these strategies are low-risk for the patient, e.g. folate
supplementation for hyperhomocysteinemia.120 There is
considerable evidence from adult studies that control of
hypertension reduces the risk of stroke recurrence, and 
it is possible that raised blood pressure is important in
the cognitive decline seen after radiotherapy for brain
tumors.185 One-half of children who have had a stroke
have blood pressure higher than the ninetieth centile for
height and age,118 but this is rarely measured systematically
or managed appropriately in children with brain tumors.

Since patients with brain tumors have higher choles-
terol levels than the general population,121–123 and since
there is evidence from animal studies that the pathophys-
iology of radiation vasculopathy includes accumulation
of lipids,135 variation in lipid profiles might account for
part of the risk of cerebrovascular disease and dementia.
In elderly adults, there is a little evidence that prophylaxis
with 3-hydroxy-3-methylglutaryl coenzyme A (HMG-
CoA) reductase inhibitors (statins) reduces the risk of
vascular dementia,186 and there is a possibility that statin
prophylaxis might reduce the cognitive consequences
associated with radiotherapy. There are concerns over the
risk of oncogenesis, cerebral hemorrhage, and the effect of
widespread apoptosis with the use of statins.185 There
would then be an important question to be answered as
to whether statins might have adverse effects by promoting
tumor growth through angiogenesis,187 or whether they
might have a beneficial effect by reducing tumor bulk,
because the rate-limiting step in the mevalonate pathway
(hepatic HMG-CoA reductase) is inhibited, reducing the
synthesis of cell-wall lipids and inducing apoptosis188 but
not arrest of the cellular proliferation.189 Phase I/II trials
have shown that statins may be tolerated in adults with very
malignant brain tumors190 and in children with hyper-
cholesterolemia,160,191 but a considerable amount of pre-
clinical work would be needed before their use could be
considered for children with malignant brain tumors.

It would be relatively easy to justify a study of the effect
of cerebrovascular risk factors in those tumors with a
higher risk of large vessel disease, e.g. craniopharyngiomas
and optic and hypothalamic gliomas. Demonstration of
the vasculopathy as a surrogate marker of disease is now
possible non-invasively with transcranial Doppler ultra-
sound or magnetic resonance angiography. Advantages
of the latter technique include the possibility of includ-
ing it at the time of follow-up MRI and of performing
perfusion imaging in addition, since in sickle cell disease,
reduction in focal cerebral blood flow has been reported
in the absence of cerebrovascular disease.192 If part of the
variation in cognitive function term outcome for pedi-
atric brain tumors is related to the vasculopathy affecting
the small vessels, then the rate of decline might be related
to the number of vascular risk factors, e.g. hypertension,

hypercholesterolemia, and hyperhomocysteinemia. Many
of these risk factors are modifiable, and trials of prophylac-
tic treatment might be worthwhile.

SECOND PRIMARY TUMORS

Early death may also occur from second primary
tumors.193 Brain tumor survivors may develop menin-
giomas at the edge of the radiation field or thyroid
tumors after spinal irradiation. Because of the recog-
nized carcinogenic potential of megavoltage irradiation
and prolonged TSH stimulation, annual thyroid palpa-
tion (with further ultrasound and needle biopsy eval-
uation of any nodules) and thyroid function tests (f T4
and TSH) have always been advised, with institution of
thyroxine replacement when TSH is elevated. Whether
adjuvant chemotherapy will increase this risk, as docu-
mented for thyroid dysfunction, has not been tested to
date.22,194

Summary

• Many children with brain tumors have significant
CNS late effects that are difficult to predict or
prevent at the present time.

• Modifications to the treatment regime to reduce the
direct side effects can be justified only if the cure rate
is equivalent.

• Strategies for prevention of CNS late effects might be
targeted at vascular risk factors if these prove to be
part of the pathophysiology.

• Early recognition of cerebrovascular disease, e.g.
when a child presents with a TIA rather than stroke,
and of the specific cognitive and behavioral
problems, may allow targeted management of the
individual patient.

• The long-term risks of cerebrovascular disease in
survivors during adolescence and early adulthood are
unknown.

• Due consideration will need to be given to clinical
priorities for screening for risks, and to stratify
preventive and therapeutic intervention for
cerebrovascular disease in this patient group.
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INTRODUCTION

The modern management of the child with a brain or
spinal tumor has as its goals:

• the return of the child to as normal function as is
possible;

• the reintegration of the child into family life and into
society.

Attention needs to be given from the earliest point to
each and every aspect of the child’s condition in order to
succeed in these goals. Success also requires the expertise
of a team of professionals. Some members of the team
will be involved in the treatment of every child, while
others will be involved only in selected cases. The multi-
disciplinary team should have an orchestrated approach,
with the different professionals playing a greater or lesser
role during different phases in the child’s management.
Good communication between professionals, and between
professionals and the family, is essential. The benefits of
early involvement by so many professionals must be off-
set against the risk of the child and family becoming
overwhelmed and confused. Decisions will need to be
made in individual cases about the priorities for that
child’s treatment. Ultimately, advances in treatment will
improve the child’s quality of life only if they are a part of
holistic care provided by a well-performing multidisci-
plinary neuro-oncology team.

THE CHILD AND FAMILY DURING THE
PROCESS OF ASSESSMENT, DIAGNOSIS,
AND MANAGEMENT DECISIONS

The family’s response to illness

For the family of a child with a newly diagnosed brain
tumor, the shock of diagnosis, the grief and loss of a
healthy child, and the uncertainty of outcome will rock
the most stable of relationships. The family members
may find themselves overwhelmed by information and
explanations. Uncertainty occurs when there is not enough
information to define or categorize an event adequately,
and the diagnosis of a brain or spinal tumor produces a
state of complete uncertainty, where nothing can be
assumed and the future is an awesome and frightening
unknown.1 The family may have no sense of control or
order. Despair and fear are common initial feelings,
followed by anger and sadness, and allowances must be
made by healthcare professionals for episodes of unpre-
dictable or irrational behavior by the child’s parents.

An experienced team will assist the family in reaching
a stage of acceptance and active participation in their
child’s care, by providing support, honesty, explanation,
and kindness. The family’s response to illness and their
ability to cope will depend partly on the existing socio-
cultural, political, economic, emotional, and physical
framework within that family. Some families may be
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more positive in their outlook to serious illness and may
have more supportive family networks or other resources
available. Other families have a more pessimistic view,
may be financially disadvantaged, or may have less sup-
portive networks. Role changes, isolation, financial con-
cerns, and family dynamics will all affect the family of a
sick child. An appreciation of these responses and coping
mechanisms will assist those involved with the child and
family in providing improved care (see Chapter 28).

Staff caring for these children and their families will
also be affected to some extent. Constant exposure to
extreme experiences and emotions requires a supportive
network for the team, and it is important to recognize that
in any situation, our personal feelings will be present and
must be addressed.2 A caring work environment should be
established, where staff feel supported and valued.

The professionals that will have a role 
in management

As an example, the Great Ormond Street Hospital,
London, pediatric neuro-oncology team, which meets
once a week to plan management and review progress of
all patients, consists of the following professionals:

• Nursing:
– pediatric neurosurgery ward nurse
– pediatric oncology ward nurse
– clinical nurse specialist
– research nurse.

• Medical:
– neurosurgeon
– pediatric oncologist
– radiotherapist
– pediatric neurologist
– pediatric endocrinologist
– radiologist.

• Professionals allied to medicine:
– clinical psychologist
– physiotherapist.

These professional constitute the core pediatric neuro-
oncology team. The following also have an important role
in the extended team: anesthetist, pediatric intensivist,
child psychiatrist, occupational therapist, speech thera-
pist, dietician, social worker, and play specialist.

MANAGEMENT OF COMMON MEDICAL
PROBLEMS

Hydrocephalus

In children with central nervous system (CNS) tumors,
hydrocephalus may be caused by tumors of the posterior

fossa, pineal region, choroid plexus, and structures adja-
cent to the lateral and third ventricles, as well as by spinal
tumors.3 If ventricular enlargement is shown on brain
imaging, but the child has no symptoms or signs of
hydrocephalus, then usually there is no need for an
immediate cerebrospinal fluid (CSF) diversion proce-
dure. However, there are different considerations to be
made, according to the site and size of the tumor, its dis-
semination, and the age and size of the child. The major-
ity of children with childhood posterior fossa tumors
and associated hydrocephalus may be managed with
perioperative extraventricular drainage and will not
require a shunt or ventriculostomy, unless tumor resec-
tion has been only minimal.4 Some surgeons favor the
routine use of endoscopic third ventriculostomy before
surgery in all children with hydrocephalus and posterior
fossa brain tumors.5 Children with thalamic tumors
often present without hydrocephalus, so surgery may be
required both to relieve intracranial pressure and to
establish the histology of the tumor.6

Complications of ventricular shunts include shunt
infection, shunt blockage, ascites,7 and very rarely tumor
dissemination.8 The rate of shunt blockage in children
with brain tumors may be less than in hydrocephalus due
to other causes.9 Complications of endoscopic third 
ventriculostomy include basilar artery perforation,10

spontaneous closure, and tumor recurrence along an
endoscope tract.11 Although third ventriculostomy is as
effective as a shunt in the treatment of hydrocephalus in
children,12 there are as yet insufficient quality-of-life and
clinical outcome measures to establish its superiority.13

SEIZURES

Epilepsy is common in children with brain tumors
(although less common than in adults), and it may be the
sole manifestation of a tumor. In children under 14 years
of age and with supratentorial tumors, seizures occur in
around 22 per cent (increasing to 68 per cent in older
teenagers). In those with posterior fossa tumors, seizures
occur in around six per cent.14 The occurrence of
seizures is greatest in children with multiple neurological
deficits as a result of their tumor (motor deficits, visual
impairment, and altered conscious level). Patients with
tumors located superficially in the cerebral hemispheres,
especially those close to the motor strip and adjacent to
the central sulcus, are the most likely to have seizures.
Studies in adults have shown seizures to be associated
more frequently with slowly growing and relatively benign
tumors, such as low-grade glial tumors,15 but there are
no comparable data from children.

Tumor-associated epilepsy is due to multiple factors,
including peritumoral amino acid disturbances, local
metabolic imbalances, cerebral edema, pH abnormali-
ties, morphological changes in the neuropil, changes in



neuronal and glial enzyme and protein expression,
altered immunological activity, cytokines (tumor necro-
sis factor (TNF) and nuclear factor-kappaB), and abnor-
mal function of N-methyl-D-aspartate (NMDA)
receptors.16,17

The electroencephalogram (EEG) shows focal abnor-
malities ipsilateral to the tumor in 62–73 per cent of chil-
dren with brain tumors and epilepsy.18,19 However,
abnormalities, including focal epileptiform discharges,
can also occur in children with brain tumors and no
seizures, so that the diagnosis of epilepsy in this group
must be a clinical one supported by the appropriate neu-
rophysiological investigations.

Seizures may also occur for the first time in a child with
a relapsed tumor, or tumor progression may be associated
with an increase in the frequency of seizures that were
occurring previously. In an infant or young child, the
seizures due to a brain tumor may be difficult to recognize,
especially subtle and non-convulsive partial seizures.20

Epilepsy contributes to behavioral disorders, confu-
sion, stupor, and coma in children with brain tumors.14,18

Status epilepticus carries with it a significant morbidity
and mortality. The imperatives in a child with a brain
tumor and seizures are to diagnose the seizures, to iden-
tify any reversible predisposing conditions (metabolic
disturbance, hemorrhage, infection), to stop the seizures,
and to prevent seizures from recurring.

The child with status epilepticus and a brain tumor
will be treated using standardized guidelines for the
management of the acutely ill child.21 Children with
raised intracranial pressure and seizures may be espe-
cially sensitive to the effects of respiratory-depressant
drugs such as benzodiazepines, and therefore the treat-
ment of a child with seizures and a tumor must be car-
ried out with facilities available for assisted ventilation.
Children with less severe seizures may be treated either
with a loading dose of phenytoin followed by oral pheny-
toin or, if the seizures are less frequent, by commencing
an oral antiepileptic drug such as sodium valproate or
carbamazepine. Rectal diazepam, buccal or nasal mida-
zolam, or rectal paraldehyde can be used to terminate
seizures that occur despite prophylactic antiepileptic
drug treatment. There is, however, no place for the rou-
tine use of antiepileptic drugs in children with brain
tumors but who have not had seizures.

There is a potential for interaction between antiepi-
leptic drugs and other treatments that the child is receiv-
ing, including analgesic, anti-inflammatory, and cytotoxic
agents.22,23 These agents may reduce the anticonvulsant
effects of antiepileptic drugs.

Early postoperative seizures in a child with a brain
tumor may be due to the tumor itself, metabolic distur-
bances, hemorrhage, cerebral infarction, or CNS infec-
tion. Later-onset seizures may be caused by radiation
injury and chemotherapy-related encephalopathies.24

Following a subfrontal craniotomy, postoperative epilepsy
occurs in less than 12 per cent of patients.25 When
seizures do occur in this setting, antiepileptic drugs can
generally be decreased and then stopped one month
postoperatively and should not be used for long-term
prophylactic therapy.

Dysphagia

One of the effects of having a brain tumor, or of under-
going treatment for it, is an abnormality of the feeding
process. This can include disturbances of appetite and
satiety, behavioral disorders affecting feeding, and
abnormalities of the oral and pharyngeal phases of swal-
lowing, causing dysphagia and pulmonary aspiration. A
lesion of the developing brain will affect not only fully
developed functions but also those that are maturing and
emerging. These disorders have been studied scarcely in
adults with brain tumors and hardly at all in children.26

Brain tumors and their treatments can affect the feed-
ing process in several different ways. Direct neurological
effects of tumors and their treatments on the control of
feeding and swallowing include the following:

• Cerebral tumors and those that impinge on
corticobulbar neural pathways may cause
impairment of control of mouth closure, chewing,
and swallowing.

• Tumors of the diencephalon may cause disturbances in
appetite and consequently weight gain. The
diencephalic syndrome, which occurs most often as the
result of low-grade gliomas of the hypothalamus and
optic chiasm in infancy, is at one end of a spectrum of
disorders caused by lesions in this region.27

• Tumors of the cerebellum may cause uncoordinated
action of bulbar muscles, affecting chewing and
swallowing.

• Brainstem tumors may impinge on cranial nerve
nuclei, causing a bulbar palsy, with impairment of
mouth closure, chewing, and swallowing.28 Surgery
for tumors, especially those close to the floor of the
fourth ventricle, may have similar effects. Tumors of
the brainstem may directly affect emetic centres,
causing vomiting and gastroesophageal reflux.29

Brain tumors and their treatments may also have
indirect neurological effects on the control of auxiliary
functions necessary for feeding:

• Children with central motor deficits (due to lesions of
the cerebral cortex, corticospinal pathways, basal
ganglia, cerebellum, or brainstem), which cause
ataxia, spasticity, or dystonia, and affect control of
hand function, are less able to feed themselves. If they
also have impaired control of trunk posture, they are
less able to be positioned correctly for feeding.30
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• Children with a visual impairment as a result of a
brain tumor are likely to be delayed in the
acquisition of normally coordinated self-feeding.31

• Hearing loss as a result of either the tumor or its
treatment can contribute to communication
difficulties, one of the causes of behavioral problems
that can arise around feeding in childhood.

Brain tumors will also have developmental and psy-
chosocial consequences that affect the feeding and swal-
lowing process:

• Some children with brain tumors may have
communication difficulties, making it difficult for
them to express hunger or food preferences. This can
also lead to frustration in the parent or carer, who may
have difficulty in interpreting cues from the child.

• Brain tumors in infancy may disrupt a sensitive or
critical learning period for the acquisition of feeding
skills.32 After such a critical period, a particular
behavioral pattern can no longer be learned in the
same way. To acquire such a pattern later will require
a different learning process from that of normal
infant development.

• The child with a brain tumor will go through many
abnormal experiences following diagnosis. These
may include diagnostic investigations, surgery,
radiotherapy, and chemotherapy. Many of these will
cause pain, fear, and upset. They will make it difficult
to maintain or establish set routines, which are
necessary for successful feeding, especially in young
infants.33

• Many of the factors described here will affect the
emotional interaction between the child and the
parents. An additional factor is the emotional state of
the parents, which will be affected by knowledge of
their child’s diagnosis and prognosis. These
emotional factors may contribute to difficulties with
successful feeding.34 Some children may have a
learned aversion to feeding as a result of these
experiences and emotional interactions, which can
persist after the removal of the unpleasant stimuli.

Some of the treatments for brain tumors have second-
ary effects, which are not related specifically to tumor
location:

• Some agents used as part of a chemotherapy regime
may cause anorexia, nausea, and vomiting. Children
may feel lethargic during part of their treatment. If
the child is treated with antiepileptic drugs, some of
these may suppress appetite; others can worsen
feeding and swallowing difficulties by promoting the
production of saliva. Corticosteroids, which are often
given to palliate the effects of a tumor soon after
diagnosis, or while awaiting more definitive

treatment, will cause abnormalities of appetite as
well as having behavioral and metabolic effects.

• Radiotherapy will often cause a period of
somnolence after treatment, which may contribute to
difficulties with feeding and swallowing.

• Many children treated for brain tumors have
endocrine late effects.35 Some of these are due to the
location of the tumor in the hypothalamus, while
others are the result of surgery or radiotherapy that
alter function of the hypothalamus and pituitary.
Disturbances of growth hormone, sex hormones,
thyroid hormone, and endogenous steroid production
can affect appetite, mood, weight gain, and growth.

• Constipation may be a result of drugs (e.g. opiate
analgesics, chemotherapy agents including
vincristine) or alterations in diet, fluid intake,
mobility, and normal routine. It will contribute to
problems with lack of appetite.

Management of dysphagia in children with brain
tumors first requires its recognition. This may be obvious
if the child is an in-patient and the feeding disorder is
severe. It may be less easy to diagnose in children who are
at home, unless the right questions are asked or the par-
ents volunteer information. Speech therapists and dieti-
cians are key professionals working with the
neuro-oncology team in the diagnosis and management
of dysphagia. It is important to have a holistic approach
to this problem, realizing that rarely is there a single
cause, and that many factors, including emotional and
behavioral ones, will need to be addressed.

Radiographic techniques, such as a barium cine-
swallow, will assist with the clinical diagnosis of the reasons
for swallowing difficulties. If gastroesophageal reflux is sus-
pected, the child may require esophageal pH monitoring.
Treatment of reflux with cimetidine and promotility agents
such as domperidone can provide relief from the symp-
toms of reflux. In some cases, more intensive anti-reflux
treatment, occasionally including surgery, will be required.

Artificial means of feeding are often necessary in young
children undergoing combined modality treatment for
brain tumors with surgery followed by radiotherapy and
chemotherapy. It is best to identify problems at an early
stage. Many children will be helped by the placement of a
gastrostomy tube (which can be done endoscopically).
This can remain in place for the duration of treatment or
until the child is able to re-establish nutritionally ade-
quate and safe oral feeding.
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Gregory

At 11 years of age, Gregory was admitted to his local
hospital with a six-week history of headache and
vomiting. He was subsequently diagnosed as having a



POSTOPERATIVE MANAGEMENT

Where and how the child should be looked
after following surgery

Following surgery for a brain tumor, children require high-
dependency or intensive care from nurses and doctors with
specialized skills. Depending on the type of procedure, the
child’s age, and the postoperative condition, this may
necessitate the child’s immediate care following surgery to
be in the intensive care unit or in a high-dependency unit
within the neurosurgical ward. During the postoperative
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left frontoparietal primitive neuroectodermal tumor
(PNET). This was treated by surgical resection,
followed by chemotherapy and craniospinal
radiotherapy. He made a good recovery from his
surgery, with no apparent neurological deficits. He
had an onset of somnolence during radiotherapy,
which delayed his re-entry into school. There was
initially some improvement in his symptoms, but a
few months after finishing radiotherapy he had a flu-
like illness, following which he developed fatigue and
headache. These symptoms persisted, and he then
also began to experience limb pain and episodes of
absence and altered behavior. He commenced
treatment with carbamazepine.

Gregory was readmitted to the child neurology
unit for investigation of these symptoms. His
magnetic resonance imaging (MRI) scan showed no
evidence of tumor recurrence. EEG monitoring
during episodes of absence showed that these were
non-epileptic seizures and his carbamazepine was
stopped. His endocrinological investigations
showed that he had growth hormone deficiency and
low plasma cortisol levels, and he was commenced
on replacement treatment. Gregory and his parents
refused to meet the clinical psychologist and child
psychiatrist during this admission.

His symptoms improved, and he started to attend
school on a part-time basis. Three months later, he
had a further seizure, following which his symptoms
of headache, limb pain, and fatigue returned with
increased severity. He was also unable to hold a pen
in his right hand. He was readmitted to hospital
urgently, and he underwent further investigations,
including an MRI brain scan. Again, there was no
evidence of tumor recurrence. In hospital, he
appeared unhappy and withdrawn. He was seen by a
psychiatrist, and a plan was made to admit him to
the regional child psychiatry unit for assessment and
rehabilitation.

On the day of the proposed psychiatric
admission, Gregory’s father telephoned to say that
he was too unwell to attend. Gregory remained at
home. His father gave up work to help to look after
him. Gregory was unable to return to school, and
the local education authority arranged for a home
tutor. Gregory attended for his follow-up
appointments in the neuro-oncology clinic and saw
the oncologists, neurologist, and endocrinologist.
His surveillance brain imaging continued to show
no evidence of tumor recurrence. His pain persisted
and he commenced treatment with gabapentin.

Two and a half years after the original diagnosis,
Gregory was still unable to return to school. His
parents had divorced and his elder brother had left

home. Gregory continued to be looked after by his
father. In addition to his previous symptoms,
Gregory now had a poor appetite and some weight
loss. Gregory and his father finally agreed to his
admission to a medical ward for a program of
rehabilitation. This included physiotherapy,
occupational therapy, attendance at the hospital
school, clinical psychology, and child psychiatry. Two
weeks into the admission, Gregory failed to return
from weekend leave. A hospital social worker visited
him at home and persuaded him to return. He was
commenced on treatment with a selective serotonin
reuptake inhibitor (SSRI). His mood improved, as
did his appetite. He spent a total of six weeks in
hospital. Meetings were held with his community
pediatrician and a teacher from his school before his
discharge from hospital.

Following his discharge from hospital, Gregory
made a successful re-entry into full-time school, a
year behind his age group. He required additional
classroom help because of some specific learning
difficulties. Over a six-month period, with support
and encouragement from the community medical
and nursing team, he successfully reintegrated into a
full range of physical activities. All his drugs were
eventually stopped, with the exception of growth
hormone replacement treatment.

• Psychiatric and psychosomatic illness may
complicate recovery after the successful treatment
of a brain tumor.

• In order for functional improvement to occur, the
patient and family need to accept the need for
rehabilitation, including psychological and family
therapy.

• Persistence in rehabilitation pays off.

• Long-term success depends upon effective
working and cooperation between the specialist
hospital team and those based locally (health,
education, and social services).



period, the child progresses from a high level of depend-
ency, to a greater emphasis on family-centered care pro-
vided alongside nursing support and advice.

The immediate requirements of the child following
surgery include management of the airway and hemody-
namic homeostasis. Regular neurological assessment is
essential, and a recognized pediatric coma scoring system
should be utilized, such as a pediatric adaptation of the
Glasgow Coma Scale.36,37 Early recognition and treatment
of complications such as raised intracranial pressure are
essential and require good communication and teamwork.

Hemodynamic and fluid management

In addition to neurological assessment, the visual assess-
ment of the child and monitoring of physiological mea-
sures (blood pressure, pulse, temperature, central venous
pressure, intracranial pressure) provide a continuous
appraisal of the child’s condition. Arterial and central
venous pressure monitoring may be necessary, particularly
in situations where major fluid imbalance is anticipated,
such as following removal of a craniopharyngioma. Fol-
lowing removal of a cerebral tumor other than a cranio-
pharyngioma, intravenous or oral fluid intake is initially
restricted to 50–70 per cent of the normal maintenance
requirements, in an attempt to reduce the effects of cere-
bral edema. A short course of dexamethasone following
surgery is also given routinely in many centers.

Cardiovascular instability and cardiac arrhythmias
may occur especially following surgery to the posterior
fossa, probably because of direct effects on brainstem
vasomotor centres. In such a situation, it is important to
correct any plasma electrolyte abnormalities and fluid
imbalances. These brainstem vasomotor disturbances
usually correct spontaneously.

Postoperative respiratory depression is usually the
result of anesthesia. However, prolonged or severe respi-
ratory depression may result from surgical complica-
tions, including hemorrhage. If the lower cranial nerves
(especially IX and X) are injured during surgery, then the
child is at increased risk of aspiration of secretions,
sometimes causing hypoxia, which has its onset some
hours after emerging from anesthesia.

Raised intracranial pressure

A number of measures can be taken to treat elevated
intracranial pressure. Hyperventilation has traditionally
been the first measure, as hypocapnia leads to cerebral
vasoconstriction. However, excessive hyperventilation
may reduce cerebral blood flow to unacceptable levels,
thus impairing cerebral metabolism and potentially com-
promising outcome. Other effective measures include the
use of sedation or neuromuscular blockade, the effective

treatment of seizures, the minimization of stimulation,
and the use of the osmotic diuretic mannitol.

Postoperative pain management

Postoperative pain should be anticipated and early treat-
ment commenced. The use of rectal analgesia given
before anesthesia is reversed (with parental consent) pro-
vides immediate relief from postoperative pain. The use
of intravenous patient-controlled analgesia (PCA) or
nurse-controlled analgesia (NCA) morphine pumps fol-
lowing craniotomy remains controversial. Herbert sug-
gests that this is an outdated idea and that “titrated
morphine has no inherent risk if the patient is well
observed.”38 Once the child is conscious, a variety of
“pain tools” can be utilized for measuring pain, e.g. the
Children’s Hospital of Eastern Ontario pain scale
(CHEOPS),39 the Faces Scale,40 and the Eland Color
Scale.41 The tool used must give consistent results and be
appropriate to the child’s cognitive level.

Culture and gender may have an influence on percep-
tions of pain.42 Adolescents may deny pain if they feel it
is socially unacceptable to acknowledge it.43 Good preop-
erative preparation and explanation help to counteract
these feelings and to allay the fears and anxieties that
contribute towards pain.44

Posterior fossa syndrome

This syndrome comprises a number of symptoms and
signs that appear for the first time in a small proportion
of children following posterior fossa surgery. It occurs
most often following surgery involving the inferior cere-
bellar vermis and is seen very seldom in tumors confined
to the cerebellar hemispheres. Any tumor type may be
responsible, although medulloblastoma is the most fre-
quent.45 The symptoms usually have their onset between
one and four days (rarely up to one week) after surgery.
The foremost of these symptoms is mutism (hence the
term “cerebellar mutism,” which is sometimes used inter-
changeably for this syndrome). Many affected children
display personality changes, emotional lability, and
decreased initiation of voluntary movements.46 Cranial
nerve palsies, especially sixth and seventh nerve palsies,
dysphagia, hemiparesis, and orofacial and limb dyskinesias
(random, non-purposeful movements), occur in some
children with this syndrome. Many of the symptoms
resolve completely or improve considerably with time. This
is especially true of the mutism and personality changes,
which usually resolve within three months.47 Ataxia, cranial
nerve deficits, and dysarthria may be persisting problems in
children with posterior fossa syndrome.

The first task in managing the syndrome is its differ-
entiation from other postsurgical complications. The
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behavioral changes and abnormal movements result in
some children being diagnosed incorrectly as having
epilepsy, whereas seizures are in fact unusual postopera-
tively in children with posterior fossa tumors and who do
not also have electrolyte disturbances. Both the child and
the family will need great support and reassurance dur-
ing this distressing time. A speech therapist can assess the
child’s communication ability and recommend aids such
as a communication board. Speech therapy is an impor-
tant part of the continuing rehabilitation of children
with this syndrome. Because of the associated dysphagia,
there must be meticulous attention to the child’s feeding
abilities and dietary intake during the time of recovery.
Many children with this syndrome require a period of
enteral feeding (nasogastric tube or gastrostomy).48

The precise cause of the posterior fossa syndrome is
not known. The cerebellum has an important role in
learning and language development, and these children
have an apraxia (loss of learned activities) of the oral and
pharyngeal musculature.47 Although frequently associ-
ated with involvement of vermian and paravermian
structures, there does not appear to be a single anatomi-
cal locus underlying the syndrome. It seems likely that
the interruption of afferent and efferent connections to
the cerebellum leads to this loss of learned speech and
other complex motor activities as well as modifying
behavior and the child’s affective state.46

COMPLEMENTARY THERAPIES
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Amy

Amy was diagnosed with an ependymoma at the age
of 14 years. Vincristine was given as part of her
treatment. The drug caused a peripheral neuropathy,
which led to foot drop, constipation, and severe
cramps in the legs and jaw. She was a strong and
determined young lady, but some of the side effects
of chemotherapy were making life trying for her and
she wanted some relief. These symptoms were not
relieved with any orthodox analgesia, and
aromatherapy massage seemed to be the only
therapy that could help her.

The nurse therapist saw Amy on a monthly basis
to fit in with her medical treatments. The nurse
therapist taught Amy’s mother to massage Amy’s legs
in particular. This needed to be done on a regular
basis to ease her discomfort. At the first consultation,
Amy was excited about having a massage, as her
mother had explained to her what the therapy
involves. She was a very particular young lady and
wished to know in great detail what was to happen.
During the consultation and consent, Amy asked
many questions. She chose her own oils – chamomile

Roman and lavender – because of their smell and
properties. These oils were mixed with grapeseed oil.

During her full body massage, Amy relaxed very
quickly and seemed very comfortable with the
therapy. Her mother worked alongside the nurse
therapist as she massaged Amy’s legs. She picked it
up well and appeared confident to continue at home.

By the time of the second consultation, Amy had
had a difficult month due to nausea and vomiting
following her previous course of chemotherapy. The
nurse therapist discussed acupressure points on the
wrist and the use of bracelets designed specifically to
help people overcome nausea. Amy said she had
thoroughly enjoyed her last massage and was looking
forward to her next session. Amy also said her mother
was doing very well with her daily leg massages and
that her discomfort was considerably less. The nurse
therapist massaged Amy’s back, hands, arms, legs, and
feet using the chosen oils. She had fallen asleep by the
time the therapist reached her legs, and she stayed
asleep until the hour’s session ended.

At the third consultation, Amy said her previous
visit had left her as if she was “floating on air, with
muscles like jelly.” She said every time she felt anxious
or nauseous, she just closed her eyes and sniffed the
tissue with a couple of drops of lavender oil on. This
reminded her how relaxed she felt when she was
having her massage. Amy had bought a relaxation
tape, which she played at night to help her to sleep.
Her sleeping had improved, also with the help of an
electric aromatherapy lamp in her bedroom.

The acupressure bands had also been a success.
Amy’s mother was very pleased with the sessions and
happy that she had learned a way to relieve her
daughter’s discomfort. The nurse therapist massaged
Amy as before, with the same positive results.

By her fourth consultation, Amy was now taking
more control in easing her own pain and nausea. She
was very proud of this, but she said she would still
like to come for monthly massages once her
treatment had finished. The nurse therapist
massaged her as before, but this time she talked all
the way through about a forthcoming holiday.

Amy built up a special relationship with the
therapist during their sessions, and this helped her
and her family through what could have been a very
frustrating and painful time. Amy had a total of
12 sessions before feeling that she did not require
them as frequently. She benefited a great deal from
these sessions on a physical and psychological level.

• Sometimes, conventional medication cannot
relieve pain caused as a side effect of some
chemotherapy drugs.



What are complementary therapies?

Complementary therapies are any therapies used in con-
junction with orthodox medical and nursing treatments
to enhance a patient’s well-being and quality of life and to
provide symptomatic relief. Interest about using comple-
mentary therapies is growing among nurses and health-
care professionals. The range of such therapies includes
massage, aromatherapy, reflexology, hypnosis, visualiza-
tion, reiki, music and color therapy, snoezelen, and relax-
ation techniques. Within pediatric multidisciplinary
teams, more and more orthodox practitioners are keen to
incorporate complementary therapies into their practice,
thus enhancing their skills and training to the benefit of
their patients. This section will describe a variety of tech-
niques and discuss how these can be applied in a child-
and family-centered multiprofessional team.

As interest grows, it is essential that the therapies are
being carried out safely, following the policies and proce-
dures set up by the employer and national professional
organizations. A prerequisite is that the healthcare pro-
fessional has a recognized qualification in the therapy
they wish to practice.

Although there has been research into the use of com-
plementary therapies for children, there is still a great
deal to be done in this area. Some of the research involv-
ing children with cancer is negative, as the families
decided to opt for alternative therapies rather than com-
plementary therapies, shunning medical opinion. This
can lead to a conflict of interest and can cause dishar-
mony in the relationship between patient and physician.
The intention in using complementary therapies is to
support the child and family through their treatment,
not to provide a cure.
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• Massage is an effective way of helping to relieve
this pain while also allowing the child and 
family some control and satisfaction in helping 
to do so.

The Royal College of Nursing of the United
Kingdom Complementary Therapies in Nursing
Special Interest Group: Statement of Beliefs

1 We believe that nurses using complementary
therapies as part of their care should know and
understand their responsibilities to the
patient/client and the United Kingdom Central
Council for Nursing, Midwifery and Health
Visiting. Further we believe that the UKCC code
sets the professional requirement to be met by 
all registered nurses using complementary
therapies.

2 We believe that all patients and clients have the
right to be offered and to receive complementary
therapies either exclusively or as part of orthodox
nursing practice.

3 We believe that all patients have the right to
expect that their religious, cultural and spiritual
beliefs will be observed by nurses practising
complementary therapies.

4 We believe that all complementary therapies
available to patients must have the support of
the collaborative care team.

5 We believe that a registered nurse who is
appropriately qualified to carry out a
complementary therapy must agree and work to
locally agreed protocols for practice and
standards of care.

6 We believe that the patient/client, in
partnership with the nurse complementary
therapist, should determine the suitability of
any proposed complementary therapy.
Informed, documented consent will be
obtained and detailed records kept with the
patient/client’s care record.

7 We believe that, where possible, research-based
complementary therapy practices should be
used. Where this is not possible then nurse
complementary therapists, as accountable
professionals, must be able to justify their actions.

8 We believe that nurse complementary therapists
should, when appropriate, be prepared to
instruct significant individuals in the
patient’s/client’s life (including the
patient/client) so that they can learn basic
complementary therapy skills for self care.

9 We believe that nurse complementary therapists
should seek to develop their self awareness and
interpersonal skills and so enhance their role as
reflective practitioners.

10 We believe that nurse complementary therapists
have a responsibility to collect detailed
information on all therapy sessions and to
evaluate the outcomes of therapy on the
patient/client.

11 We believe that the practice of complementary
therapies by nurses should be the subject of at
least an annual review by an appropriately
constituted multidisciplinary committee. The
review should take into account patients’
measures of satisfaction and benefit.



Massage and aromatherapy

With massage and aromatherapy, the therapist is able to
transform a clinical area into a calm, relaxing space with
the aid of an aromatherapy lamp, fiber-optic lights, and
soothing music (Figure 25.1). Young patients soon forget
that they are in hospital and are able to lose some of the
anxieties and stresses that may have built up during their
stay. A ten-year-old girl with a spinal tumor commented:
“The oils, the music, and the massage made me feel really
relaxed; it made me feel like I was floating on air. The lights
and the smells in the room were a great atmosphere. It
made me feel special – to feel special makes me feel happy.
I went to sleep and felt totally relaxed, it made me feel free.”

Much research has gone into showing that touch is an
essential part of a child’s life. Babies, children, and adults
all need touch.49 It is a primary means of conveying car-
ing.50 Touch can promote the speed of recovery, self-
esteem, self-worth, and personal integrity.51

Massage consists of a series of kneading, stroking, and
percussive movements. “Massage is not only one of the
most pleasant experiences that can happen to a person, it
fulfils a necessary role – that of the need of human
touch.”52 Massage makes touch more structured, offering
boundaries to the child, giving them control to accept or
reject any form of tactile care (Figures 25.2).

We promote family-centered care within our chil-
dren’s services in Nottingham. We aim to involve parents
and carers in all aspects of their care. If we teach them to

flush central lines and give antibiotics, why not a simple
foot massage? Massage is a medium in which parents can
regain their parental role with a very ill child, promoting
a more positive partnership and thereby empowering the
carer. The transfer of parental anxiety to the child can be
relieved effectively by giving a ten-minute Indian head,
neck, and shoulder massage to the parent or carer. This
shows the carer that they are being cared for, offering
them something more than an analgesic and taking them
away from a stressful situation. The fact that someone
has recognized their stress and is offering them some care
is very much appreciated and can break cycles of stress
and anxiety during prolonged periods of hospitalization.
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Benefits of massage for both child and carer

• Supports and builds a strong bond, improving
emotional contact.

• Teaches both child and carer how to relax: it is
quality sharing time.

• Reduces anxiety and stress.

• Improves sleep patterns.

• Provides pain relief (by the release of endorphins?).

• Shows the child that they are loved and valued
and that the relationship is important.

• Can help to develop body awareness,
coordination, suppleness, and alertness.

• Can provide relief from the discomforts of colic,
constipation, and congestion.

• Helps the carer to learn to read and respond
appropriately to their child’s non-verbal
communication.

• In a pediatric intensive care unit (PICU), parents
are often wary of touching their child in case they
disturb any of the equipment. By showing them a
simple foot or hand massage, they feel they are
continuing to give affection and reassurance. The points of practice that have been devised by the

Royal College of Nursing Complementary Therapies
in Nursing Forum advise that the therapist must
ensure that the child’s medical condition does not
contraindicate touch/massage therapy and that the

Figure 25.1 Aromatherapy massage. (©Photography
Department, Queen’s Medical Centre, 2001.)

Figure 25.2 Infant massage.



472 Physical care, rehabilitation, and complementary therapies

Aromatherapy

Aromatherapy is a holistic therapy that uses oils of plants
to heal and treat the body. The oils can be derived from
shrubs, trees, and many parts of plants, including the
fruit, leaves, wood, bark, and flowers. The essential oils
can be used as inhalations and topically in baths, via skin
massage treatments, and compresses. They can have an
effect both physiologically and psychologically. Each oil
is composed of many different organic molecules, which
are responsible both for the unique aroma and the range
of therapeutic values.53 Aromatherapy is seen as being
natural and is therefore assumed to be safe. This is not
always the case, as some oils are contraindicated in all chil-
dren or those with certain conditions.54

In pain management, aromatherapy can help in three
ways – psychological, tactile, and analgesic support.
For example Lavendula angustifolia works as an analgesic
as well as a gentle sedative. Chamomile roman has a seda-
tive effect that can promote relaxation and sleep and is
also effective for neuralgic pain; like lavender oil, it has
anti-inflammatory properties. Both of these oils are used

widely and safely in children. Aromatherapy can help to
relieve much of the child’s distress and anxiety. Children
can be worn down by their pain, becoming miserable
and anxious about their treatment. Aromatherapy can
make them feel positive and more in control.54

Therapeutic touch

Although many people enjoy a massage or tactile reas-
surance, some find it uncomfortable: unwanted touch
can be seen as threatening or an invasion of personal
space. There may also be times when, because of discom-
fort and/or irritability, touch or massage may be painful.
In these cases, therapeutic touch may be the complemen-
tary therapy of choice.

Therapeutic touch is concerned with the use of energy
fields, balancing energy from a place of centeredness.
A demonstration is the best way to explain therapeutic
touch, as it is difficult to describe. Nurses and physiother-
apists in the USA are taught therapeutic touch as part of
their training. Research has shown it to be useful for relax-
ation and for relief of anxiety and reduction in pain and
headaches.

Reflexology

Reflexology involves applying varying degrees of pres-
sure to different parts of the body, usually the feet, in
order to promote health and well-being. It is based on the
belief that every part of the body is connected by reflex
zones or pathways terminating in the soles of the feet,
palms of the hands, ears, tongue, and head.55 Reflexology
has been in use for over 5000 years in India and China.
Training is very involved, and a recognized qualification is
essential. Reflexology has a variety of uses, from pain
relief in acute and chronic stages, through control of anx-
iety, to relief of constipation.

Snoezelen

Snoezelen is a concept developed in Holland in 1975. It is
now used widely internationally, particularly in children
with special needs and learning difficulties. The idea
stems from the basic human need of stimulation. It
involves gentle sensory stimulation. The rooms are spe-
cially designed, with soothing lighting, music, and aro-
matherapy, creating an atmosphere that makes the best
use of the senses and promotes rest and relaxation.

Indian head, neck, and shoulder massage

This is a simple, safe, and highly beneficial therapy that is
popular throughout the Indian subcontinent (Figure 25.3).
Massage of the scalp, face, neck, and shoulders soothes,

child/parent has received sufficient information and
is able to provide the nurse with a clear indication of
consent.

When implementing massage therapy, the nurse
needs to:

• maintain dignity, privacy, care, individuality,
comfort, safety, and confidentiality;

• monitor the child’s response, recording and
reporting responses during and after the session;

• evaluate the session with the child and parents,
ensuring that the aim of relaxation is being met
and leaving the child comfortable on completion;

• record the treatment on the child’s care plan:
documentation is very important!

Once in use, annual evaluations will be carried
out to audit the service.

When planning any therapy, ensure that:

• you are confident that the child’s medical condition
does not contraindicate touch/massage therapy;

• the child and parents have received sufficient
information and are able to provide the nurse
with a clear indication of consent;

• a consultation card has been completed, ensuring
a comprehensive medical history is documented.
This includes any medication the child is taking,
as it is important that you are aware of any
adverse reactions that may occur;

• consideration has been given to the time, place,
resources, and preparation of oneself and the
child before starting any treatment.
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comforts, and rebalances the energy flow to produce a
feeling of peace, well-being, and tranquillity. (Healthcare
professionals will be able to select the appropriate areas
for massage from their knowledge of the medical condi-
tion and treatment.) This massage not only relieves stress
but also stimulates the scalp, helping to eliminate muscu-
lar tension. It is very relaxing.

The massage can be done with the client fully clothed
and in a sitting position. It is an excellent form of massage
that can be useful if the client does not like aromatherapy
oils or is perhaps unable to lie down. It can be a valuable
introduction to massage for those who may feel inhibited
with regards to undressing.

Discomfort due to the side effects of chemotherapy
and postoperative pain can be relieved with massage ther-
apy. By helping them to relax, the child and the family
cope better with anxiety as a result of stressful situations,
either at home or in hospital.

Application in oncology practice

Many children come to see their complementary therapy
treatment for pain relief as something to look forward to
during their treatment or stay in hospital. Following sur-
gery, many children require intensive physiotherapy and
occupational therapy. Liaison with other therapists and
the child’s carers enables some of the therapy exercises to
be less painful, by teaching the child and carers to massage
the areas with oils to warm up the muscles before com-
mencing the exercises. Sometimes, for relaxation, the
child will have a complementary treatment after the ses-
sion with the physiotherapists; this can be seen as a treat.

People whose quality of life has been reduced by an
illness or disease deserve tender loving care, with some-
thing to look forward to while they are experiencing
what can be a very traumatic time. If they do not wish to
have a massage, then the child and family can go to the

snoezelen, where they can relax among the beanbags, and
enjoy the soothing music and gentle ambiance.

With an ever-increasing workload, healthcare profes-
sionals may be feeling frustrated at not being able to give
the quality time they would like to give their patients. By
giving them an hour on their own, without interruption,
this gap can be filled by performing what are basic
human needs in the form of touch, massage, and atten-
tion. Healthcare professionals can thus make the treat-
ment experience less traumatic and less frightening.

It can be very important to teach the rudiments of
massage to the family so that they can continue the ther-
apy at home or in hospital. The nursing profession is
advancing its technical skills, but nurses are at risk of los-
ing some of their fundamental nurturing qualities, which
are the basic foundations of the profession.

Complementary therapies can be particularly benefi-
cial for children and young adults receiving palliative care.
They offer pain relief through gentle massage techniques,
but they also show the child and family that healthcare
professionals are still there for them, continuing to care
for them in a supportive way.

“Giving people access to the skilful use of touch
through massage can enhance the quality of the relation-
ship between nurse and client. But touch is more than
this; it has been identified as an essential component in
achieving a state of physical and mental health.”50

REHABILITATION OF CHILDREN WITH 
BRAIN AND SPINAL TUMORS

Principles of rehabilitation

Neurological rehabilitation begins at the time that a child
is diagnosed as having a brain or spinal tumor. It con-
tinues while the child is undergoing treatments, some 
of which (in particular, surgery and radiotherapy) may
temporarily worsen neurological abnormalities. In many
cases, rehabilitation continues long after other treat-
ments for a brain tumor are complete.

Patients with brain and spinal tumors will improve in
their neurological function as a result of a rehabilitation
program. This has been shown in studies of children
with brain tumors56 as well as in adults with brain and
spinal tumors.57 The results of rehabilitation following a
brain tumor are as good as or better than those following
brain injury58 or stroke.59

As with other aspects of the child’s treatment, the
greatest benefits come from an approach that uses the
expertise of a team of professionals, working in partner-
ship with the family. The other key component is the
development and maintenance of links with education,
therapy, and medical services local to the child’s home.

Figure 25.3 Indian head, neck, and shoulder massage.



It is on these services that the child and family will need
to rely for longer-term care and support, and it is vital
that they are involved from the earliest point.

There are different models of rehabilitation, but they
are not mutually exclusive. The choice between them
depends on the nature and severity of the child’s neuro-
logical disorder, the stage reached in treatment, the age of
the child, parental and patient choice, and availability of
and funding for services. The different models of rehabil-
itation include in-patient rehabilitation at a specialist or
district hospital, specialist rehabilitation centers, and
out-patient and community-based rehabilitation. In the
earliest phases of treatment, and particularly when the
child is undergoing frequent hospital-based treatments,
rehabilitation takes place in a hospital setting. Older chil-
dren with severe and continuing disability may require
intensive and sometimes prolonged rehabilitation in a
specialist center away from the acute hospital. Rehabilita-
tion for children with neurological disorders can also be
carried out successfully in a home and community set-
ting.60 Adolescents with acquired neurological disorders
can successfully undergo programs of cognitive rehabili-
tation in a highschool setting.61 All of these endeavors
require dedicated teams, adequate resources, and part-
nerships with education and local services.

There are many factors involved in predicting a child’s
recovery and quality of life following treatment for brain
tumor, and these will need to be considered when mea-
suring the impact of an individualized package of support
and rehabilitation on the long-term progress of a child
with a brain tumor. Non-familial social support signifi-
cantly predicts the adjustment of children newly diagnosed
with cancer and may be enhanced through interpersonal
social skills training.62,63 School reintegration programs
are highly rated by parents as being helpful both for par-
ents and for the child.64

Major recovery of lost skills may not occur without
specific neuropsychological or social training,65 and there
is a need for ongoing rehabilitation. Intensive and imme-
diate physical rehabilitation has been demonstrated to be
essential for laying down the foundations of cognitive
rehabilitation.56 Few studies have assessed the effects of
providing an intensive support program on the long-
term effects of brain tumors and their subsequent treat-
ment on children.66

Occupational therapy

In the acute care phase, occupational therapy involvement
is aimed primarily at maximizing functional abilities
within the hospital and home environments. For chil-
dren who have significant neurological deficits, rehabili-
tation will start while they are still undergoing medical
intervention. This may include provision of positioning

equipment to assist with postural stability in sitting, adap-
tive bathroom equipment to assist children and their care-
givers in accessing the toilet or bath/shower, and modified
car seats to promote safe transportation. The occupa-
tional therapist assists in providing suggestions and adap-
tations to allow the child to return to school. Sensorimotor
intervention may be initiated to assist in compensating
for sensory deficits, such as loss of vision, and motor
deficits, such as hemiplegia and ataxia. The focus is on
restoring or compensating for lost functions. Therapy is
often provided on an outpatient basis or in the school
setting to optimize generalization of skills within famil-
iar and meaningful environments.

Motor deficits (including ataxia, 
hemiplegia, and paraplegia)

One of the effects of having a brain or spinal tumor, or of
undergoing treatment for it, is a central motor deficit.
This term is used here to describe abnormalities of con-
trol of posture and movement due to lesions of the brain
and spinal cord. The term excludes motor deficits due to
lesions of the peripheral nerves or muscle.

A central motor deficit can be defined by the predom-
inant pattern of abnormality of posture and movement,
by the part of the body most involved, and by its effects
on motor function. Depending on the site of the brain or
spinal lesion, the motor deficit will be characterized by
predominant spasticity, or ataxia, or dystonia, or another
abnormality of posture, tone, and movement; or there
may be a mixed picture, with more than one of the above.
The distribution of the abnormality will also differ, with
mainly truncal or limb involvement, or both, and with
greater involvement of one limb or the limbs of one side
of the body. Central motor deficits may cause marked
impairments of function, e.g. preventing walking or
restricting the use of one limb. They may also cause less
marked impairments, which, although more difficult to
detect, may affect a range of daily living and educational
activities, such as feeding, dressing, pencil skills, and key-
board skills.

Control of posture, tone, and movement is affected
not only by lesions in the motor cortex, cerebellum, and
pyramidal and extrapyramidal pathways: visual impair-
ment, abnormalities of hand–eye coordination, vestibu-
lar dysfunction, and sensory and motor peripheral
neuropathy, all of which may occur in children with
brain and spinal tumors, will also contribute to the diffi-
culties with motor control.

BRAIN PLASTICITY

A lesion of the developing brain affects not only fully
developed functions but also those that are maturing and
emerging. On the other hand, plasticity, the ability to
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recruit and use existing areas of brain to carry out func-
tions lost as a result of lesions elsewhere, is more likely to
occur in the developing than in the fully developed brain.
This is one reason why the outcome from rehabilitation
following neurological illness is often better in young
children than in adults with comparable disorders.67

RELEARNING SKILLS

Practice and repetition are required to learn any motor
skill, and this is equally true of the reacquisition of lost or
deficient skills. Pediatric physiotherapists use a number
of different treatment approaches. Among the most pop-
ular in the UK are those of Bobath,68 which use a neu-
rodevelopmental approach and whose techniques include
the facilitation of normal patterns of movement through
the handling of key points and the inhibition of abnor-
mal reflexes and movements. The conductive learning
approach, developed in Hungary by Peto,69 aims to help
the individual to function in society without the depend-
ence on aids or devices. Through repetition and rein-
forcement, children are taught to master each of the
component parts of functional activities. Many pediatric
physiotherapists in the UK use an eclectic approach that
combines elements of Bobath and conductive education
with others, to reflect the needs of individual children
with specific disorders.

ATAXIA

Ataxia is common in children with tumors of the poste-
rior fossa. In infants and younger children with posterior
fossa tumors, hypotonia is often very marked, at least ini-
tially. Ataxia is characterized by abnormalities in executing
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Sandra

Sandra was 13 when she was diagnosed as having a
multifocal cerebral glioma with spinal metastases,
following a one-month history of headache, aphasia,
and arm weakness. She underwent craniotomy and
debulking of the cerebral tumor. Her postoperative
course was complicated by hydrocephalus, which
was treated by an intraventricular drain and did not
require ventriculoperitoneal shunting.

Sandra had had moderate learning difficulties
identified when she was ten years of age, although she
had continued in mainstream education. Following
surgery, she was treated with craniospinal irradiation.
During this treatment, she had an onset of epileptic
seizures, which were treated with phenytoin.

Two months after completing her radiotherapy,
Sandra was readmitted to hospital because of ataxia
and back and leg pain. Her phenytoin levels were
above the therapeutic range, and her ataxia
improved as soon as her dose was adjusted. Her
brain and spinal MRI showed that the cerebral
tumor was smaller. She was treated with a small
booster course of radiotherapy to her lower spine
and sacrum. Her pain improved.

Six months after her diagnosis, Sandra was
admitted to hospital again. She was losing weight

and experiencing limb pain, and she had decreased
mobility. MRI scans showed a further decrease in the
size of her cerebral and spinal tumors. She spent
seven weeks in hospital, receiving an intensive
assessment and treatment program of pain
management, physiotherapy, speech therapy,
occupational therapy, and psychology. Her pain
improved following treatment with indomethacin
and gabapentin. She was provided with a left
ankle–foot orthosis and a knee brace. Her mobility
improved. Her speech therapy assessment showed
that she had a dysfluent expressive aphasia.

A planning meeting took place between hospital
health professionals and community-based
therapists. Recommendations were made to modify
the family home in order to provide Sandra with a
downstairs bedroom, toilet, and shower. It proved
impossible for the local services to continue to
provide the level of speech therapy and
physiotherapy input recommended by the hospital
team. An admission was planned to a brain injury
rehabilitation unit. The health authority refused to
fund this but made additional provision for speech
and physiotherapy at home.

Six months after her discharge from hospital,
Sandra was free of severe pain and walking better
than before, with support. Funding for the
modifications to the family home had been agreed,
but the work had not yet started. Her parents had to
carry her upstairs, and she came downstairs sitting
on her bottom. Her physiotherapy was continuing,
but speech therapy had stopped because of local staff
shortages. Sandra was undergoing a local education
authority assessment of special educational needs
and had transferred to a school for children with
physical and educational difficulties.

• Children with brain tumors can have pre-existing
neurodevelopmental disorders.

• Effective management of symptoms often
requires a combination of treatment modalities.

• Rehabilitation can be successful in children with
incompletely cured tumors.

• The long-term success of rehabilitation depends
on effective interagency working (including
community health, education, and local
government) and the availability of sufficient
resources.
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voluntary movements at the required rate, to the required
range, and of the required force. Voluntary movement is
uncoordinated and there is dysmetria (error in estimating
amplitude of movement, resulting in overshooting dur-
ing the finger/nose test). In children with midline poste-
rior fossa tumors, the ataxia is predominantly truncal.
The child with ataxia may have an abnormality of gait.
The feet are placed widely apart. As the child walks, he or
she may stagger irregularly to both sides (or mainly to
one side with unilateral cerebellar lesions). Minor degrees
of ataxia are more evident when the child is asked to walk
heel to toe or along a straight line. Often, there is also
dysarthria. By providing stability to the trunk and proxi-
mal joints, the therapist improves the ability of the child
with ataxia to stand and to walk. The child with severe
and continuing ataxia may require supportive seating.

SPASTICITY

Spasticity is an abnormality of tone characterized by a
velocity-dependent increase in the resistance to passive
movement. It is caused by lesions of the pyramidal motor
pathways. It results from tumors of the cerebral hemi-
spheres (which will usually cause hemiplegia), brain-
stem, and spinal cord (causing spastic paraplegia).
Spasticity limits function and leads to contractures.
Spasticity can be reduced by the way in which the child is
moved and handled by the physiotherapist and other
carers. Seating and the child’s lying position are very
important. Soft-tissue length may be maintained by pas-
sive stretching, reducing the likelihood of contractures.
Splinting may be necessary, particularly in unconscious,
immobile patients with markedly increased tone. Drugs
such as baclofen can be used to reduce spasticity, although
their effects will not be restricted to the most severely
affected muscles. Following treatment for a spinal cord
tumor, severe spastic paraplegia can be improved in some
cases by the use of intrathecal baclofen. Injection of bot-
ulinum toxin into target spastic muscles can significantly
reduce tone for up to four months at a time.70 The bene-
fits in function, including improved ambulation, often
persist.

DYSTONIA

Dystonia is a movement disorder arising as a result of
lesions of the basal ganglia and characterized by sustained
involuntary muscle contractions. A deeply placed cerebral
tumor, often a glioma, can cause dystonia, which is usu-
ally unilateral.71 The disorder may be very focal, affecting
only the extremities of one limb, or it may be more gener-
alized. Children with dystonia will be helped by a therapy
program (from physiotherapists and occupational ther-
apists) that encourages hand use and mobile weight-
bearing and establishes realistic functional goals. Drugs
such as benzhexol and levodopa help to reduce rigidity.

Cranial nerve palsies

Around a quarter of children with brain tumors have cra-
nial nerve palsies at presentation.72 Cranial neuropathy
may be the result of a tumor arising from the nerves or
the dissemination of an intracranial tumor, or may be due
to raised intracranial pressure, or may be a result of treat-
ments, including surgery, radiotherapy, and chemother-
apy. With the exception of anterior visual pathway gliomas
involving the optic nerves and chiasm,73 primary tumors
of the cranial nerves such as neurinomas and schwanno-
mas are uncommon in children.74,75 Multiple cranial
abnormalities, especially involving the sixth, seventh,
eight, ninth, and tenth cranial nerves, are common in chil-
dren with diffuse intrinsic brainstem gliomas. Other pos-
terior fossa tumors that involve the brainstem can also
cause lower cranial nerve palsies. Surgery for brainstem
tumors,76,77 other posterior fossa tumors (including
ependymoma) involving the brainstem,78 or rarer skull-
base tumors79 can cause cranial nerve palsies. Radiother-
apy can damage any of the cranial nerves, although this is
a rare and usually late complication, with the exception
of damage to the optic nerve. Some chemotherapeutic
agents, including vincristine, can cause cranial neu-
ropathies. The facial nerve is involved most frequently.

VISUAL LOSS

Tumors affecting the optic nerve usually cause progres-
sive visual failure and may cause proptosis and pain.
Facial palsy may put the child at risk of corneal damage;
this will require early treatment with artificial tears and
taping the eyelids closed. Permanent weakness of lid clo-
sure can be improved by surgical placement of a weight
in the eyelid. Palsies of the third, fourth, and sixth nerves
cause diplopia and sometimes compensatory head tilt in
children. The child may require eye patching to minimize
diplopia. Surgery can improve a persistent squint.

Neuropathies involving the ninth and tenth nerves
cause dysphagia and hoarseness. The child will have dif-
ficulty swallowing secretions and may be at risk of pul-
monary aspiration. In severe cases, a tracheostomy may
be needed to manage this.

Sleep disorders

Sleep difficulties occur in many children with brain and
spinal tumors, even when previous good sleeping habits
had been established. The causes are multiple and include
the effects of the tumor, its treatments, and changes in the
child’s and family’s routine. It can be hard for parents to
maintain any kind of regular pattern to the child’s day
during hospitalization. The strangeness of hospital and
the absence of familiar bedtime rituals can easily disturb a
child’s sleep patterns. Young children who are undergoing



treatment for brain tumors may also tire easily and may
have a low tolerance for unusual or stressful situations.

As the child improves, parents often find it hard to be
firm and consistent and re-establish usual bedtime rou-
tines. Establishing a sleep routine that is acceptable for
the family and allows the child sufficient sleep for their
needs is important for all members of the family, includ-
ing the child.

With most sleep disturbances, particularly those involv-
ing night waking and bedtime settling problems, it is best
to start making changes at bedtime rather than in the
middle of the night. Night waking usually reduces once a
settling routine has been established. For most parents,
trying to change sleep patterns in the middle of the night
is very stressful and usually not productive. A behavioral
approach that reinforces good habits and is supported by
a psychologist in regular contact with the family is often
successful (Gumley D, personal communication, 2001).
It helps to give parents some written reminders, such as
these:

Illness behavior

Biological cure does not necessarily equate with physical
and psychological well-being. Non-organic illness can be
equally debilitating in its impact on the child and family.
Children who re-present with new symptoms following
treatment of a tumor may have a recurrence of the origi-
nal tumor, or they may have complications of the origi-
nal tumor or its treatment. They might have an unrelated
disorder. In some cases, their new symptoms will be due
to non-organic illness; this group presents a particular
challenge to the clinician.

The new symptoms can include headaches, limb weak-
ness, gait abnormalities, and non-organic seizures. As a

result of these, the child may be unable to attend school or
may function only abnormally in school. Families often
find it very difficult to accept that their child does not
have new organic disease. The symptoms provoke a sim-
ilar response in these families on their reappearance as at
the time of first diagnosis. Many families attempt to reor-
ganize to help the child, e.g. separated parents may tem-
porarily reunite or a parent may stop working to be at
home with the child.

When evaluating new symptoms or the late effects of
treatment, it is important to know about the premorbid
state of the child. All patients should be investigated com-
prehensively for evidence of tumor recurrence or new dis-
ease. If no cause is found, then the new symptoms can be
managed as psychosomatic symptoms, understandable
in terms of the child’s life situation.

A pragmatic approach to rehabilitation should be
adopted, concentrating on:

• improvement in function;

• return to normal school;

• social reintegration.

This will require an in-patient and out-patient reha-
bilitation program with a multidisciplinary team, includ-
ing the clinical nurse specialist, neurologist, oncologist,
psychiatrist, and physiotherapist. Although non-organic
disease following biological tumor cure has a major
impact on quality of life, these symptoms can be improved
successfully, and prognosis is good for this group.81

CONCLUSION

Advances in the treatment of children with brain and
spinal tumors have led to improved outcomes, with the
result that many more children survive to an older age. It
is important that these children not only survive longer
but also enjoy an improved quality of life. Approximately
80 per cent of children who have had brain tumors expe-
rience some subsequent morbidity, with more than one
attribute affected in the great majority. Not only the
tumor and its treatments but also family, social, and cul-
tural factors affect outcome. It is essential that treatment
is holistic from the beginning and that there is continu-
ing surveillance for the late effects of the tumor and its
treatments. It is also important that meaningful out-
comes (those relating to independence, emotional well-
being, social adjustment, schooling, and employment)
are measured; the results of these outcomes help to
determine new methods of treatment. The management
of children with brain and spinal tumors must be based
on the best available evidence about outcomes obtained
from research, in order to strengthen the work of clinical
and rehabilitation teams.

Conclusion 477

Good sleep habits checklist

• Establish a set bedtime routine

• Avoid extending the bedtime routine

• Do not include activities that could cause conflict
or raise excitement

• Develop a regular bedtime and a regular time to
awaken.

• Restrict activities in bed to those that induce sleep.

• Reduce noise in the bedroom.

• Avoid extreme temperature changes.

• It is very important to change only one thing at 
a time.

In some children, the use of melatonin alongside
a behavioral approach can help to promote good
sleeping habits.80
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INTRODUCTION

The impact of brain tumors on children’s continuing
neurological development and their ability to continue
to learn can significantly affect their ability to function 
at home, in school, and in their communities. The sites 
of such tumors and the corresponding treatments may
impact upon the overall functioning of children. This
chapter discusses the neurobehavioral challenges that
children experience, by examining cognitive and behav-
ioral functioning, as well as the potential long-term impact
of tumors on neurological development through the phy-
sical maturation of various brain stages. In addition, since
schools are the long-term providers of services for child-
ren, the educational needs of children with brain tumors
are presented, with guidelines for professionals to follow.
Despite the medical therapies that exist for children, it is
within their schools and families where their long-term
functional needs are identified and met. This chapter
addresses these needs and offers solutions to support
these children and their families.

COGNITIVE/BEHAVIORAL EFFECTS OF 
BRAIN TUMORS AND TREATMENTS

Survival for children diagnosed with brain tumors has
increased with the advent of improved imaging that 

provides earlier and more precise diagnosis and location
of the tumor, new surgical techniques such as stereo tac-
tic surgery, and new chemotherapy agents and radiation
protocols. The fact that children are living longer after
diagnosis of brain tumor also results in more children with
acquired cognitive and behavioral deficits as the result 
of the tumor and/or treatment. Various research studies
have examined the effects of brain tumors and treatment
on children, but the results of these studies are often
hampered by small sample sizes.1 Several researchers have
examined the direct damage caused by brain tumors in
children. Castro-Sierra and colleagues found that for
patients with inferior temporal cortex tumors, proce-
dural learning was slower for sorting tasks.2 Buono
examined 123 children with brain tumors and found that
57 per cent had an academic deficit, with arithmetic 
difficulties 16 times more likely than reading difficulties.3

These children with arithmetic deficits had characteris-
tics similar to a non-verbal learning disability. Examina-
tion of treatment protocols, location, and pathology did
not differentiate.

Type of surgical intervention has been examined.
Anderson and coworkers reviewed 20 children with cran-
iopharyngioma and who had subfrontal craniotomy and
either partial or gross total resection.4 Approximately
three years post-surgery, only three of 20 children had
good outcomes on neuropsychological testing, behavior,
or school performance. Type of resection was not related
to outcome.
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The effects of chemotherapy on childhood cancers
have shown various cognitive deficits. Chemotherapy
effects have been studied most extensively in the treat-
ment of leukemia. Central nervous system (CNS) pro-
phylactic chemotherapy in children with leukemia has
shown adverse effects in academic functioning. Brown
and colleagues showed that children treated for three
years had more adverse effects in the area of educational
functioning in reading, spelling, and arithmetic com-
pared with controls.5 However, small sample size and
poorer school attendance for those children treated were
limitations in this study. Dowell and coworkers, with 
a small sample size, suggested that motor deficits result-
ing from chemotherapy in the treatment of acute lym-
phoblastic leukemia was dose-dependent, with a gain in
functioning occurring after the end of treatment or adjust-
ment in dosage.6

Several authors have studied the effects of irradiation.
Late-delayed radiation effects can occur months or years
after treatment, with necrosis of the white matter, vascular
changes, and edema, although this appears in less than
one per cent of children who develop necrosis.7 Radcliffe
and colleagues studied 19 children with brain tumors
and who were treated with whole-brain radiotherapy,
with 15 of the children also receiving chemotherapy.8 For
the group as a whole, there was a 12-point drop in IQ
scores over a two-year period. Age was related inversely
to change in IQ score, with children under seven years of
age at diagnosis showing a 27-point loss and children over
seven years not showing a significant decrease. Although
they did not show a significant IQ score loss, 50 per cent
of the children aged over seven years were receiving sup-
plemental education services.

Mulhern and coworkers studied seven children
treated for temporal lobe astrocytomas with surgery and
irradiation.1 Only two of the seven showed normal func-
tioning on neuropsychological testing. The other children
showed either cognitive deficits or psychopathology.
Hemispheric location of the tumor did not appear to
contribute to the type of deficit. Early age of onset,
seizure control, tumor recurrence, and type and dose of
radiation were suggestive of poorer outcome. The authors
have recommended that a pooling of data from inter-
group efforts is needed to control for the small sample
size that is found in many research studies.

Bordeaux and colleagues, with a small sample size,
found that children with brain tumors have deficits on
tests of fine motor control, psychomotor, and timed lan-
guage skills, but that these areas are not exacerbated fur-
ther by surgery and radiotherapy.9 However, follow-up in
this study was limited to approximately one year. The
authors suggest that these children may show more long-
term decline on future follow-up, as has been shown in
children treated for leukemia with chemotherapy and/or
radiation.

Chapman and colleagues studied 15 long-term sur-
vivors of posterior fossa tumors who had been treated
with irradiation and 14 children who were treated with
surgery.10 An early age of onset (under six years of age)
was associated with more neurological and neuropsy-
chological sequelae.

Anderson and coworkers studied the effects of cranial
radiation and chemotherapy on 100 children and 50 sur-
vivors of cancers treated with chemotherapy only.4 Cranial
radiation and chemotherapy in combination were asso-
ciated with reductions in intelligence, educational skill,
immediate memory, processing speed, and executive func-
tion. Children treated with chemotherapy alone exhibited
subtle information processing deficits. Younger age for
receiving irradiation was predictive of deficits in non-
verbal ability, educational skills, and executive functions.
High-dose irradiation was associated with poorer infor-
mation processing and lower arithmetic ability.

THE ROLE OF NEUROPSYCHOLOGICAL 
AND BEHAVIORAL ASSESSMENT

Damage to the brain from tumor and treatment can
affect cognitive and behavioral functioning. Strengths
and weaknesses in functioning need to be assessed in
order to develop a treatment plan for remediation or
compensation of acquired areas of weakness. The cogni-
tive and behavioral effects of brain tumor and treatment
can vary depending on the location of the tumor and
specific brain areas affected by treatment.11 The role of
brain areas in the functioning of adults and children has
been outlined by Gaddes and Edgell12 and by Lezak.13

A summary of brain functioning as related to cognitive
and behavioral processes is presented in Table 26.1.

Professionals in neuropsychology and applied behav-
ior analysis examine brain–behavior relationships. These
examinations evaluate many areas of functioning, includ-
ing basic sensation, perception, motor skills, verbal and
visual problem-solving, attention, concentration, memory,
organizational skills, and social and emotional function-
ing. Interpretation is based on the behavioral findings
linked to information about a child’s cerebral pathology.

A neuropsychological evaluation examines the way a
child receives, processes, stores, and expresses informa-
tion. A behavioral assessment includes the study of
the “function” of unwanted behaviors (e.g., outbursts,
aggression, impulsivity) and recommendations for their
replacement with positive behaviors. Since cognition and
behavior are so intertwined in a child’s life, it is impor-
tant to look at how the child functions at many levels. For
example, a sensoriperceptual examination looks at the
way sensory information is interpreted. Auditory, tactile,
and visual senses are examined. Damage to the temporal



Table 26.1 Functional, cognitive, and behavioral consequences of regional injury

Brain structure Function Cognitive/behavioral symptoms that may occur

Cerebral cortex Outermost layer of the cerebral hemispheres, and composed Difficulty in: processing sensory information; storing/retrieving information; learning
of gray matter. Cortices are asymmetrical. Both right and left new information; inappropriate behaviors
hemispheres are able to analyze sensory data, perform 
memory functions, learn new information, monitor behavior 
and actions, form thoughts, and make decisions

Left hemisphere Left cerebral cortex. Processes information sequentially Difficulty with: speech/language/communication; reading/writing/computation;
through systematic analysis and logical interpretation of sequencing/logical analysis; memory for semantic information (symbols, letters, numerals); 
information. Interpretation and production of symbolic  monitoring social rules and appropriate actions
information (language, reading), mathematics, and
abstract reasoning. Memory stored in a language format.
Retention of appropriate behavior rules and consequences

Right hemisphere Right cerebral cortex. Processes information holistically Difficulty in: processing visuospatial and perceptual motor skills; orienting in space and 
through simultaneous multisensory input to provide visual drawing geometric shapes; recognizing peoples’ faces and expressions and processing 
spatial picture of one’s environment. Memory is stored in emotional data; discriminating non-verbal information
auditory, visual, and spatial modalities. Behavior regulation 
via social engagement and emotions

Frontal lobes Higher-level cognition, behavior, and executive functioning. Difficulty with: recent memory (verbal and non-verbal), attention, concentration, 
Prefrontal area: ability to concentrate, attend, and monitoring personal and social behaviors; learning new information, comprehending music; 
elaboration of thought; monitors judgment, inhibition, controlling inhibitions (inappropriate social and/or sexual behaviors); emotional lability 
emotions, personality, and social actions. Motor cortex (flat affect); contralateral plegia, paresis; expressive/motor aphasia
(Brodman’s): voluntary motor activity. Premotor cortex: 
storage of motor patterns and voluntary activities. Language: 
motor speech

Parietal Lobes Processing of sensory input, sensory discrimination. Mediate Difficulty in: discriminating between sensory stimuli, recognizing objects by tactile 
tactile and kinesthetic perception. Body orientation. sensitivity; locating and recognizing parts of the body (neglect), sometimes recognizing 
Primary/secondary somatic area. own self; orienting self in environmental space; skilled voluntary movements 

(sports, writing)



Temporal lobes Perception, analysis, and evaluation of auditory stimuli. Difficulty with: verbal and non-verbal memory; processing auditory language, hearing; 
Reception and analysis of verbal and non-verbal memory. receptive/sensory aphasia; agitation, irritability, immature behavior
Expressed behavior and temperament

Occipital lobes Visual functions, visual discrimination, analysis of language- Difficulty with: integrating visual stimuli into a coherent whole or comprehending multiple 
related visual forms (words, numbers), and perception aspects of a visual form; distinguishing color hues; reading/writing/arithmetic
of non-verbal forms and colors

Limbic system Basic elemental emotions: fight, flight, sex, rage, fear. Difficulty with: agitation, controlling emotions, anxiety, retaining new memories; basic life 
Integration of recent memory, biological rhythms, olfactory  functions (endocrine, temperature regulation); how one perceives and feels about 
pathways. Amygdala: emotional memories and reactions. self; loss of sense of smell, problems eating
Hippocampus: memory functioning (short-/long-term). 
Hypothalamus: eating, drinking, sexual rhythms, endocrine
levels, temperature regulation

Basal ganglia Subcortical gray matter nuclei. Processing link between thalamus Difficulty with: movement – slowness, chorea, tremors at rest and with initiation of 
and motor cortex. Initiation and direction of voluntary movement. movement, abnormal increase in muscle tone, difficulty initiating movement; parkinsonian 
Balance (inhibitory), equilibrium, postural reflexes. Part of symptoms
extrapyramidal system: regulation of automatic movement

Cerebellum Controls movement and monitors impulses from the motor and Difficulty with: eye–hand coordination, automatic motor routines; muscle tone, posture,
sensory centers. Helps control direction, rate, force, and daily routines (getting dressed, riding a bike)
and steadiness of movements

Brainstem Reticular activating system (RAS) modulates arousal, alertness, Difficulty with: attention, mental stamina, hyper- or hypoemotional responses; eating,
concentration, and basic biological rhythms. Controls many basic drinking, sleeping, sexual functioning; hormonal/endocrine/neurochemical systems
metabolic responses (swallowing, vomiting, breathing, respiration, 
heart rate, blood pressure). Elementary forms of seeing and hearing



lobes can affect perception of sounds. The left temporal
lobe deals with verbal auditory information, while the
right temporal lobe deals with non-verbal information
such as intonation and pitch. Damage along the sensori-
motor strip can result in imperceptions or lack of per-
ception in the tactile modality. Damage of the optic
nerve tract can result in visual problems, such as visual
field deficits. Damage to the occipital lobe can result in
other visual abnormalities. Damage to the posterior left
hemisphere can result in difficulty with receiving verbal
information correctly.

Other verbal skills can also be affected after a neuro-
logical event. Receptive language may be reduced, but
some children may retain the same levels of compre-
hension as before their illness whilst having difficulties
with expressive language. Verbal fluency or the rate of
expression can be changed after a brain tumor. The child
may know what they want to say but have difficulty in
expressing it in a smooth, flowing manner. Intonation,
rate of speaking, and slowness in producing words may
result in a speech pattern that sounds unusual to the
listener. Word finding or dyspraxic difficulties may be
experienced. Some neurological conditions from tumors
can result in loss of reading or spelling skills, even though
speech appears normal.

Visual and perceptual skills can also be changed after
a brain tumor. Visual field deficits can result in objects
being difficult to see if they are placed in an area of the
person’s field of vision where information is not relayed
to the brain for processing. Attention to visual details may
be weak. The child may have difficulty in recognizing
previously familiar objects. Visual construction, such as
the ability to write, put together puzzles, or draw designs,
may be altered. Motor planning may also be affected,
and carrying out a sequence of coordinated movements
may be difficult.

Attention and concentration are often affected after
an acquired brain injury. Weaknesses in these areas result
in difficulty in learning new information, even though
previously learned information is intact. A neuropsycho-
logical evaluation assesses different types of attention.
Sustained attention refers to the ability to attend and
concentrate for longer periods of time. If a child cannot
sustain attention, then only part of the information is
processed. Alternating or dividing attention refers to the
ability to follow more than one thing at a time. Some
children after an acquired brain injury find it difficult 
to filter out extraneous noise in their environment. For
example, a typical classroom full of children can make it
difficult for the child with a brain injury to focus on his
or her work.

Many people who have suffered a brain injury do not
have significant difficulty in recalling previously learned
information. However, the ability to recall newly learned
information is often impaired. Neuropsychological and

behavioral evaluations examine various kinds of verbal
and visual memory and learning. Can the child repeat
information immediately, such as telephone numbers or
number/letter combinations? This type of information
can be remembered briefly, but most people cannot hold
on to the information for any significant length of time.
The ability to remember more meaningful information,
such as short sentences, is also examined, as is memory
for longer amounts of verbal information, such as story
recall. If the child has difficulty in recalling longer
amounts of verbal information, then the examiner can
determine whether the child benefits from cues, such as
answering multiple-choice questions about the informa-
tion. Charts can be posted, reminding children of the
rules before errors are committed. If the child was suc-
cessful in recalling information when given these cues,
then this suggests that the child has learned the informa-
tion but has difficulty retrieving it from memory. Verbal
information learned over a series of attempts is also
examined to assess whether the child can profit from 
repetition of material to be learned.

Visual information is assessed in various ways. Can
the child scan a picture and remember various details?
Are they able to reproduce a sequence of hand move-
ments? Can the child draw or write information from
memory? Functional visual memory, such as memory for
faces, places, and directions, is also examined.

Executive skills refer to those higher order-processes
that serve to adapt a child’s affect, behavior, and think-
ing to the changing demands of complex environments.
These processes include self-regulation, self-monitoring,
problem-solving, goal formation, and learning from the
consequences of one’s behavior. Parents’ and teachers’
reports are helpful in determining whether the child has
difficulty in regulating behavior. Is the child impulsive or
showing a low tolerance for frustration? Does the child’s
mood change rapidly? Problem-solving is also an impor-
tant part of executive skills. Does the child profit from
feedback, including learning from mistakes? Can the
child look at a problem from different viewpoints? How
does the child deal with transitions and the changing
environment?

Neuropsychological and behavioral examinations
also attempt to look at the impact of social and emo-
tional functioning on cognitive skills and interpersonal
skills. Any change in brain status can result in social,
emotional, and behavioral difficulties. Dependent on the
severity of the brain insult, the adjustment period can be
lifelong. Changes in physical appearance and loss of skills
can result in a change in relationships with family and
friends. A child who has survived a brain tumor differs
from other children with learning difficulties in that they
often remember that they were functioning in a relatively
normal status before their injuries but now are presented
with new cognitive weaknesses. A sense of loss of the old
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self and acceptance of the new self is a difficult process.
Emotional lability, low tolerance for frustration, and
poor self-regulation of behavior impacts on interactions
in school and the community. Social isolation due to
changes in friendships can lead to depression. These
long-term effects can be seen in many children as they
continue to develop and mature.

DEVELOPMENTAL ISSUES

It is important to understand the physical maturation
stages of the brain through childhood in order to predict
the long-term impact of tumors on continued develop-
ment. Researchers in the past decade have been using the
latest technology to understand how children’s brains
grow and mature. The concept of plasticity, for example,
is much more complicated than many neuroscientists
once thought.14 Earlier beliefs that younger children
recovered better than older children after treatment for 
a brain tumor or brain injury may only recognize the
“medical recovery” of the brain. The long-term cognitive
impact of tumors and tumor treatment is a concern for
neuropsychologists and educators working with these
children. Through developmental studies and techniques,
such as neuropsychological testing, magnetic resonance
imaging (MRI), and special uses of electroencephalogra-
phy (EEG), critical discoveries are being made about how
the brain grows and matures throughout childhood. New
research utilizing advanced scanning technology and sta-
tistical analysis of EEGs has better identified how a child’s
brain matures from birth through adolescence. In par-
ticular, five peak maturation periods have been identified
that have varying developmental increments depending
on the region of the brain (Figure 26.1):

• Age 1–6 years: during this period of overall rapid
brain growth, all regions of the brain – those
governing frontal executive, visuospatial, somatic,
and visuoauditory functions – show signs of
synchronous development. Children are perfecting

skills such as their ability to form images, use words,
and place things in serial order. They also begin to
develop tactics for solving problems.

• Age 7–10 years: at this point, only the sensory and
motor systems continue to mature in tandem up to
about age 7.5 years, when the frontal executive
system begins accelerated development. Beginning at
about age six years, the maturation of the sensory
motor regions of the brain peaks just as children
begin to perform simple operational functions, such
as determining weight and logical mathematical
reasoning.

• Age 11–13 years: this stage involves primarily the
elaboration of the visuospatial functions, but it also
includes maturation of the visuoauditory regions. By
the age of ten years, while visual and auditory regions
of the brain mature, children are able to perform
formal operations, such as calculations, and perceive
new meaning in familiar objects.

• Age 14–17 years: during these years, successive
maturation of the visuoauditory, visuospatial, and
somatic systems reach their maturational peak
within one-year intervals of each other. In their early
years, young people enter the stage of dialectic
ability. They are able to review formal operations,
find flaws with them, and create new ones.
Meanwhile, the visuoauditory, visuospatial, and
somatic systems of the brain are developing.

• Age 18–21 years: the final stage begins around age
17–18 years, when the region governing the frontal
executive functions matures on its own. Young
people begin to question information they are 
given, reconsider it, and form new hypotheses,
incorporating ideas of their own. This development
occurs in conjunction with rapid maturation of the
frontal executive region of the brain.

It is important to recognize that this maturation
occurs during childhood. Thus, depending on the age 
of the child when the tumor is treated, and the region of
the brain that the tumor affects most, one may be able 
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to predict the kinds of cognitive and learning challenges
that the child may experience now and in the future. This
knowledge will allow professionals working with the
child to predict the resources they may need to better
support the child, especially in the school system.

PLANNING SCHOOL REINTEGRATION

As mentioned previously, tumors and their treatments
can significantly alter a child’s level of functioning in
many ways. Unsurprisingly, therefore, research also iden-
tifies considerable difficulties experienced by children
when they return to school following treatment, with sig-
nificant repercussions for their physical, educational, and
social/emotional well-being.15–19 It is important to con-
sider the child’s future educational needs well in advance
of discharge from the hospital or rehabilitation setting.

Each child’s recovery process is unique. The nature
and extent of any difficulties will depend on a variety of
factors, including the child’s age and developmental stage,
time away from school, pre-illness functioning, person-
ality, the quality of family and other support systems,
such as health and education services, the site of the
tumor, and the effects of treatment. This, therefore,
demands a highly individual approach to the planning
for future school provision, based on each child’s indi-
vidual circumstances. However, there are some key fea-
tures common to successful reintegration that should
form the hospital discharge plan and be put into action
at as early a stage as possible during the child’s clinical
treatment:18

• school personnel planning with family and hospital
team;

• comprehensive assessment and identification of needs;

• appropriate identification of provision to meet needs;

• in-service training or provision of relevant
information for school staff;

• helping child, family, and peers to prepare for and
manage return to school;

• review and follow-up.

Planning for successful school return requires collab-
oration between all those involved in the child’s health
and educational welfare, including hospital and rehabili-
tation staff, family, and education personnel, each of
whom brings a unique perspective and area of expertise.17

The relationship between them all, and the quality of
communication, will greatly influence the process. It is
also important to remember that if the child has been
diagnosed with a malignant tumor, then the word “cancer”
may evoke highly emotive negative reactions in others,
born mainly out of ignorance and fear. Exchanging 
and sharing information with the ill child, the rest of the

family, and other children at school, as well as between pro-
fessionals, is crucial, and, to a large extent, will determine
the ease with which the child reintegrates back to school.
However, permission must be sought from the child’s par-
ents before sharing or disclosing any personal information.

Initial contact between school and hospital should be
immediately after the child’s admission. A plan for efficient
and effective two-way flow of information needs to be
established, and a key contact person from within both set-
tings must be identified who is responsible for coordination
and ensuring that information is conveyed. It is important
to be aware that written reports alone may be the least effi-
cient mode of communication, as they can be filed away
without the advice and recommendations in them being
brought to the notice of the members of staff for whom they
are intended, i.e. those who work directly with the child.

Multidisciplinary assessment

Comprehensive multidisciplinary evaluation is an essen-
tial requirement for effective educational planning. This
needs to include information from functional settings
and from standardized assessment. Informal assessment
techniques and the perceptions of those who know the
child well are essential for obtaining a full picture of the
child’s abilities. Identifying a child’s current strengths and
needs will enable decisions about provision to be made
before their return. Assessment of the learning environ-
ment is also important, as it is imperative that the school
enables the child to experience success and feel positive
from the first day of their return. Inevitably, adjustments
may need to be made, but any attempt to delay an assess-
ment of special educational needs with a wait-and-see
approach is unacceptable. As the child’s illness and treat-
ment may have caused major side effects, including hair
loss, weight alteration, scars, headaches, nausea, fatigue,
and motor, behavioral, and cognitive changes, these can
provoke dramatic and detrimental issues for a child. These
include the effects of concomitant loss of skill, frailty,
restricted autonomy, and loss of or change in familiar
friendships resulting from prolonged absence from school.
Experience of early failure on return to school may lead
to loss of confidence and self-esteem. There is thus a risk
of the child becoming demoralized and developing sec-
ondary behavioral difficulties.

Optimum timing of an assessment for informing the
school of re-entry arrangements is an important consid-
eration. It needs to be long enough to allow for arrange-
ments to be put into place, but evaluation of cognitive,
behavioral, and academic skills at an early period of a
child’s illness or recovery is unlikely to provide useful
information in the longer term for identifying school-
based support and an appropriate curriculum. Inconsis-
tent performance is also commonly noted during the
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early stages of recovery, and changes in ability can occur
rapidly. Continuing monitoring and evaluation are,
therefore, essential.

Choosing the best educational environment

The usual expectation is for the child to return to the
school that they were attending before their illness. For
the great majority of children with special educational
needs, this is highly desirable and there is never any rea-
son to consider a different educational environment. Any
additional provision required as a result of changing
needs should ideally be made in the school that the child
would otherwise have been attending. However, for some
children, this may no longer be a viable option, e.g. par-
ticular facilities such as wheelchair access or specialist
teaching provision may be required and only available
elsewhere. However, there must always be assurance that
decisions are based first and foremost on the child’s indi-
vidual needs and parental wishes, rather than on politi-
cal, social, or financial policies. Consideration of the
needs of the whole child is important, including the
important issue of their age. Bax contends:20 “... children
with moderate or severe disabilities are more readily
accepted by younger children. In the post pubescent
years, children strongly identify with their own peer
group and are often more reluctant to accept anyone who
departs from their perceived norm.”

Information for school staff and parents

In effect, schools are the main providers of long-term
rehabilitation for these children. The opportunities that
schools offer for structured learning programs, close mon-
itoring, regular support, and long-term planning make
them well placed for providing ongoing services after
discharge from the clinical setting. However, education
personnel are often unaware of the effects that a brain or
spinal tumor and its resulting treatment can have on a
child’s functioning, particularly in relation to cognitive
skills and the impact on learning, behavior, and social
communication. This often makes them unprepared to
address the needs of such children re-entering school.
There is also a commonly held assumption that children
who make a relatively good physical recovery and demon-
strate the surface features of language will make a smooth
transition back to school. There is not a general under-
standing of the further sequelae that have a profound
impact on cognitive ability.

There is little appreciation of the hidden or subtle
deficits related to changes in memory, concentration,
learning, and behavior that can create far more handicap-
ping conditions than those that are immediately obvious.
These facts are often least apparent to, and most easily
misunderstood by, education personnel. Without appro-
priate information, it is all too easy to focus on the obvious
or the easily observable effects without acknowledgment
that a tumor and/or its treatment can alter academic abil-
ity. Regrettably, too few educators make the connection.

Before school return, therefore, provision of informa-
tion for education staff and formal in-service training,
if this is possible, needs to include basic details of the
child’s illness and treatment, and the effects that these
have had and may continue to have on the child’s func-
tioning. Information needs to be presented in a way 
that is easily understood and that provides practical 
suggestions. Members of school staff also need to feel
supported and to have an opportunity to deal with what
may be strong emotional reactions to the prospect of
working with a child who has a serious and possibly life-
threatening disease. A teacher who has known the child
well may be particularly distressed or upset by the child’s
condition. The child may have been displaying symp-
toms in school for some time before diagnosis, which
were unrecognized by teachers and which may have invoked
criticism and complaints relating to deterioration in
standards of work. Teachers sometimes then feel guilt
and can attempt to compensate for this. They may also be
unsure about how actively involved they should be in 
coordinating with the child’s family, some fearing that
contact may put additional strain on the parents in an
already difficult situation.21 However, if the prognosis is
poor, then school staff can do much to support parents
during the process of anticipatory grieving as well as
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Daniel

Following surgical intervention for a spinal tumor,
which had affected his mobility, Daniel, aged 
14 years, required the use of a wheelchair. He was
very sensitive about his obvious physical differences
and was exceedingly reluctant to return to his local
mainstream school. Before his illness, he had been
the subject of bullying, and he was scared about his
additional vulnerability in that environment. His
parents had also been unhappy about the way 
school staff had dealt with the issue, as well as the
increasingly poor reputation and educational record
of the school. Daniel and his parents were previously
keen for him to enroll at another school, which 
had not been able to offer him a place. However,
as it had a good reputation for pastoral care and 
also had two other wheelchair users at the school,
Daniel’s acquired special educational needs
eventually enabled a fresh application to be viewed
sympathetically. He was granted a place, but
unfortunately not before Daniel and his parents had
experienced much additional anxiety.



helping to improve the quality of life of children and
families whose outlook is more promising. Blosser and
DePompei emphasize the importance of flexibility, which
can be encouraged through in-service training opportu-
nities where teachers not only learn more about the 
medical issues but also “... how to talk to the student, how
to observe and respond to his or her behaviors, how to
re-evaluate and re-establish goals, and how to respond to
their own frustrations as educators.”22

It is important to encourage parental participation in
planning educational provision and setting goals. Parents
know their child best and care more about their well-
being than anyone else. However, teachers need to be sen-
sitive to the emotional and financial pressures that a
parent may be under, and to respect their differing needs.
Making plans and decisions about any special educa-
tional arrangements can be complicated and confusing
for parents who may not have had any previous knowl-
edge or experience in the arena of special education.23

This process often needs to be undertaken at the very time
that they are already overwhelmed and still struggling to
acquire understanding about their child’s illness and its
uncertain progression, as well as juggling a host of other
family and work commitments. Davis highlights the pro-
found effect that children’s illness has on parents, with as
many as one-third of parents of children with cancer,
even those in remission, having such severe depression
and anxiety that they too require professional help.24

Key questions that professionals and family need to
consider together can help to empower families to become
active participants in the process of return to school:16

• What does the family know about the child’s or
adolescent’s educational needs?

• What does the family know about policies,
procedures, and provision for ensuring their child’s
needs are well met?

• What are the expectations of rehabilitation 
personnel for the school?

• What do families and peers expect about the social
aspects of school return?

Information for the child and their peers

A critical component of the planning for school return is
the child’s involvement, which must be appropriate to
their age and level of understanding. The extent to which
an individual child is traumatized by their illness and
treatment is difficult to quantify. Psychosocial (i.e. social,
emotional, psychological, behavioral) sequelae signifi-
cantly affect the quality of life for the child returning to
school.25 Children need help in communicating their
needs and in understanding what has been happening to
them. In addition to the essential support from trusted
adults with whom there is a good relationship, books 

and interactive activities may be helpful tools for working
with both young children26,27 and adolescents.

Experience shows that many children initially respond,
at least superficially, in a very stoical manner when they
first receive diagnosis of a tumor. This may be related to
a lack of awareness or knowledge in the case of a young
child, to natural feelings of “invincibility” in the young,
or to lack of acceptance or self-protective denial. There is
also the fact that while the child is in hospital, particu-
larly in an oncology ward, illness and treatments and the
symptoms produced by these are the norm. These chil-
dren are placed within a strange, abnormal situation 
in the midst of other children with bald heads, drips,
and cannulas and talking about their current treatments.
Newly admitted children take up the language and the
rules of this otherwise frightening environment and begin
to identify with other children there. After their initial
hospital stay, they may return on a regular basis and meet
with the same group of staff, patients, and parents. They
need support to move away from this environment.

The most important points to remember when con-
sidering return to school are to allow the child to do so
(even if, initially, this is on a part-time basis), to allow
them to be as normal as possible, and to listen to what
they are saying. It is also important to involve the child in
setting some achievable goals that they want to accom-
plish after they go back to school. They will probably be
unaware of the extent of their own changes, and thus they
could quickly become demoralized when back in the
real-world setting. Parents and children may need sensi-
tive encouragement to re-evaluate their expectations.

Frequent or long absences from school can disrupt
peer relationships. School personnel must take a lead role
in keeping the relationships alive. While the child is away
from school, contact by letter, card, fax, email, telephone,
and video, as well as visits, can help sustain friendships and
play an important part in maintaining the child’s morale.

The involvement of other children also increases the
likelihood of a successful return, but how this is dealt
with must first be discussed and agreed with the child
who is preparing to come back, or, in the case of a young
child, with the parent(s). Some basic and simple infor-
mation about the illness and treatment and the effect
that it has had can help peers and the child’s siblings to
make adjustments and accommodate possible changes in
relationships. It can be hard for them to understand how
and why changes have occurred.

Consideration must be given to a phased return to
school. The transition “... is often mistakenly thought of
as a 1-day activity. In fact effective transition ... may take
days, weeks, or even months.”28

There must be awareness that, following discharge
from hospital and carefully planned school reintegration,
it will be very important to continue the multidisciplinary
perspective and involvement in the review of the child’s
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progress. Vigilant monitoring, good communication,
and flexibility of response will help to ensure that the
child’s needs continue to be well met.

RETURN TO SCHOOL

Returning to school is perceived by many as the return to
normality, but this represents another stage of rehabili-
tation that “ … is a long-term process that will continue
throughout the child’s development and has no defined
end point.”28

This can be a difficult time for the child. Once they are
at home and back at school, even if they are returning 
to hospital, they have two worlds in which to integrate.
Despite the often-seeming acceptance of the illness and
treatment in the hospital situation, most of these chil-
dren seek a continuation of “normality” as a mainstay to
offset their insecurities. The most normal event in the
world for children is to go to school. It is possible to see
young people who may previously have been very reluc-
tant to go to school or to engage in activities when they
were there become very keen to return as soon as possi-
ble. Sometimes, parents and school staff have attempted
to be helpful by suggesting that young people have addi-
tional time off school to rest and relax, but this is not
necessarily what young people want or need. They are
seeking something normal, non-threatening, and non-
invasive, and, above all, a familiar environment that holds
no surprises or uncertainties. Unknown clinical proce-
dures can be very frightening for a child, even if explana-
tions or other preparatory approaches have been used. In
contrast, however much they used to think that they
hated it, there are no surprises involved in working from
their math book and they can predict how it will make
them feel, even if all those feelings are negative.

Return to school “… mobilizes hope, encourages social
contact, and reinforces the living child within them.
Seriously ill and dying children often cope best with their
condition by living as fully as they can until they die.
During serious illness, school may represent one of the
few areas where the child feels a sense of control and
accomplishment.”21

Relationships in school

The young person’s relationships with their friends are
important. Initially, the child may be the center of atten-
tion of their peers, but this may be short-lived if the child
is not as active or energetic as they had been previously
and not able to join in with all the usual activities that
enable acceptance within their particular peer group.
The child with a tumor may also be missing from school
on a regular basis for continued treatment and may find
it difficult to keep up with the culture and current inter-
ests of the group. It is important that teachers are aware
of this and, if possible, ensure that the child has appro-
priate ways to relate to their peers. Sometimes, the child
will use their illness as a means to gain attention; the func-
tion and appropriateness of this should be considered care-
fully. For instance, some children have shaved heads with
dramatic-looking scars from surgery, which they some-
times display as a “badge of honor” to attract the attention
of other children. They sometimes recount stories relating
to treatment and show “trophies” such as metal staples
removed from surgical incisions. It may be appropriate for
the child to share these accounts with their friends initially
and to satisfy the natural curiosity of other children, but
later it may be more appropriate for them to be positively
redirected to continue to seek attention in alternative ways.

Practical considerations after return 
to school

Once classroom teachers have been given the vitally
important accurate information regarding a child’s cur-
rent strengths and weaknesses, they must not be left to
make assumptions on the basis of the child’s previous
ability or to draw conclusions about this child based on
the levels of functioning of others. When a young person
becomes aware of altered levels of ability, it can cause
very significant additional frustration, confusion, and
distress. When this is understood and addressed, further
exacerbation of difficulties can often be avoided.

Luke

Luke, aged six years, was receiving treatment for an
aggressive, high-grade tumor. Throughout his
treatment, he maintained a wonderful, sunny
disposition as long as he was able to interact with his
peers and to engage in activities that he loved. As his
illness progressed, the staff at his school became
concerned that they may not be able to meet his

needs and were frightened of encountering a
medical emergency for which they thought that they
would be ill equipped to cope. They suggested that
he should no longer attend school, and he changed
quickly to become a pale and withdrawn child,
motivated to do very little at home. However, when
the school staff was persuaded to allow him to
return and to be involved in as much as he could, he
returned to his original happy self. Despite the fact
that the treatment was ultimately unsuccessful, the
quality of the final months of his life was improved
significantly.



Although expectations are initially often reduced
inappropriately, after this overprotection teachers can
make assumptions that the young person has returned
“to normal,” leading to equally unrealistic expectations.

In terms of the further content and delivery of the
school curriculum, it is vitally important that the full range
of the young person’s physical and cognitive strengths and
weaknesses are taken into account and appropriate curri-
cular or environmental adjustments made. These need to
be monitored and re-evaluated on a regular and frequent
basis. For instance, school personnel must show flexibility
in allowing alterations to the environment or to the curric-
ular content and enable young people to discover strengths
within the limitations of their acquired difficulties.

CONTINUED REVIEW AND MONITORING

School staff must be made aware that as tumors and their
treatment can cause damage to the child’s brain that is
within a process of development, changes in the ability to
learn may not be immediately obvious and are also likely to
alter throughout subsequent years. Teachers must remain
vigilant to detect and address any difficulties as they
emerge. They must also be aware of the fact that altered lev-
els of ability and acquired cognitive difficulties can affect
the child’s behavior. They should be informed of the impli-
cations of other related clinical factors that may affect a
child’s behavior at some time, such as hormonal imbalance.

BEST PRACTICE

The most important issues to optimize a successful
future school placement are (Figure 26.2):

• To recognize the right of access to the known and the
normal and the importance of this to recovery and
rehabilitation.

• To consider social needs and peer relationships and
to offer support in these.

• To consider the effects of the illness on the whole
family and the ways in which these, in turn, may
impact upon the child and their levels of functioning
in school.

• To be aware of physical difficulties and symptoms
and to make adaptations to address these.

• To be aware of the full spectrum of educational
needs and not to focus purely on physical symptoms.

• To be aware that acquired cognitive difficulties will
probably be specific and therefore affect only certain
aspects of learning. Other skills may be intact. Help

490 Cognitive development and educational rehabilitation

Angela

Angela, aged 15 years, returned to school after
treatment with no physical difficulties and seemingly
happy and enthusiastic. She was referred back to the
treating hospital some time later with a range of
physical symptoms. She had extreme mobility
problems and was almost unable to walk unaided.
Initially, no cause could be found for these
symptoms, but it then became clear that, as a
previously average student, she was experiencing
difficulties in specific areas of school work. These
were directly as a result of acquired cognitive
difficulties. These were explained to Angela and to
the school staff. She then understood why she was
encountering these inexplicable problems, the staff
understood how to help her, and an agreement was
reached to focus more on her strengths within the
curriculum and to work with her to develop
appropriate strategies. As soon as this situation was
addressed, her gait problems resolved spontaneously.

Adam

Adam, aged 14 years, was very determined to return to
his academic course of study with no reduction in the
content of the curriculum. He could have managed
this, except that no one at the school had considered
his physical access to this. He had mobility problems,
severe back pain, and high levels of fatigue during his
treatment. He had to walk around a large school, climb
stairs frequently, and sit in uncomfortable plastic
chairs. He was very upset and considered that he had
“failed” when he had to give up full attendance at
school as he was too exhausted and uncomfortable.

Peter

Peter was 10 years old when he gradually lost most
of his functional vision as a result of a brain tumor.
He was very frustrated and demotivated by the fact
that he could no longer complete independently
work that he had previously enjoyed. However, he
discovered that he was able to work with clay and
produced many pottery items, including presents for
friends and family with messages and personalized
touches. He was allowed to spend additional time in
art lessons, and his level of success and independence
with that enabled him to cope with the frustration of
receiving higher levels of support in other areas.
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may be needed in some areas despite good levels 
of ability in others.

• To be aware that environmental, cognitive, and
organic factors may affect behavior.

• To accept the fact that adaptations may need to be
made to:
– the school environment;
– the timetable and curriculum;
– the teaching methods.

• To accept that future cognitive development may be
affected by the illness or its treatment, and to ensure
that performance continues to be monitored
throughout the child’s school career. Specific
difficulties may only emerge in future years.

• To seek and expect appropriate and detailed
information from the medical team responsible for
the child’s care, and to provide the team with
pertinent information relating to functional and
scholastic progress.

Adequate information is empowering, but school staff
must remain flexible and adaptive in their approach. They
must know that the needs of young people with acquired
difficulties as a result of tumors are different from other
special educational needs, and that the illness can impact
in ways that are unfamiliar even to the experienced special
needs teacher. The child faces the new and unknown, as
does the teacher. Above all, educational staff must not
make assumptions based on previous experience of dif-
ferent children with different special educational needs.

SUMMARY

The impact of brain tumors on the cognitive, developmen-
tal, and educational needs of students can be devastating

unless professionals understand the long-term func-
tional needs of these children and how to support them.
By using neuropsychological and other evaluations to
better understand how children are responding cogni-
tively and behaviorally to the tumor and the treatment,
we can identify ways to help children learn. Knowledge of
brain maturation can enable professionals to predict the
needs of children as they grow and develop. Using the
resources that schools can provide will allow continued
rehabilitation within a structured environment.
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INTRODUCTION

Quality of survival is an essential but often neglected
variable when treating individuals for central nervous
system (CNS) tumors. The direct effects of the tumor
and therapies targeted at it may damage the young brain
to the extent that in the past, only 30 per cent have lived
independently without significant disability.1 This dam-
age is compounded further by the psychological distress
consequent upon the diagnosis of a life-threatening ill-
ness and the inevitable family disturbances that occur, as
well as disruption to the normal educational experience.2

The high prevalence of additional central and/or periph-
eral hormonal dysfunction predisposes the child to growth
and maturational disturbances,3 further exaggerating peer
differences and impacting on life experiences. In certain
central tumors, these effects may be particularly severe
and life-threatening (hypopituitarism),4 whilst the tend-
ency to obesity carries its own emotional and health-
related concerns.5

Reintegration into society and maintenance of as nor-
mal a lifestyle as possible are two of the primary aims of
children’s cancer services.6 As cancer survival rates have
improved, so the concept of “cure at any cost”is increasingly
being replaced by that of “cure at what cost?”. Although
survival figures for CNS tumors lag behind those for
other groups of pediatric malignancies, the location of
these tumors and the potential susceptibility of the devel-
oping brain oblige healthcare professionals to consider
quality of life when looking after children during and after
their treatment.

This chapter aims to explore the issues of quality of life,
health-related quality of life, problems unique to children,
specific late effects of therapy (neurological, endocrine),
outcome assessments in the context of clinical trials, and
finally a way forward to minimize the morbidity burden
associated with survival from CNS tumors.

ASSESSMENT OF QUALITY OF LIFE

The concepts

Quality of life is an increasingly widely used outcome
measure, although little consensus exists regarding its
definition.7 Many of the major sponsors of clinical trials,
including the Medical Research Council in the UK and
the National Cancer Institute in the USA, insist that new
trials include built-in quality-of-life assessments if they
are to be supported.8,9 However, it is essential to define
the term and included target domains.10 The World
Health Organization Quality of Life (WHOQOL) Group
provides the following definition:
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WHOQOL Group definition

Quality of life is defined as an individual’s
perception of their position in life in the context of
the culture and value systems in which they live and
in relation to their goals, expectations, standards,
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A complex series of interactions between the intrinsic
physical, emotional, social, and spiritual elements of an
individual’s life determine their overall quality of life at
any given point in time. The American Cancer Society’s
workshop on quality of life in children’s cancer acknowl-
edged these issues in its definition:

The goal of healthcare is to maximize the health-
related component of an individual’s quality of life. To
simplify the measurement of quality of life as a medical
outcome measure, health-related quality of life (HRQL)
can be assessed (Figure 27.1). This has the advantage that
factors not affected directly by health are excluded. Child

health can be defined as the ability to participate fully in
developmentally appropriate activities and requires physi-
cal, psychological, and social energy.13 Assessment of
HRQL enables discrimination between individuals, eval-
uation, and prediction of outcome.14

Specific pediatric issues

Established measures of adult quality of life and HRQL
may not be appropriate for use in children, due to the issues
of growth and development, the dependence of children
on carers and proxy respondents, and children’s concep-
tualization of health.

Growth and development

Throughout childhood and adolescence, growth (an
increase in size) and development (the acquisition of new
skills) occur. Additionally, a rapid development of physi-
cal, mental, and social perspectives takes place.15 These
processes are susceptible to disruption when normality
does not occur, be it secondary to illness or deprivation.
They must be considered during the assessment of HRQL,
which in turn must be developmentally appropriate for
the individual.16 A complicating factor is that for the
majority of domains contributing to HRQL in childhood,
there is not a predictable linear pattern of development.17

Cognition and conceptualization of health

The normal developmental process includes the evolution
of cognitive skills. When applying questionnaires and
outcome measures to children, the issues of comprehen-
sion of language and reading and writing skills need to be
addressed. Position bias in children’s responses, with a
tendency to choose the first answer among response options,
and confusion regarding questionnaire terminology (e.g.
equating “diabetes” with “you are about to die”) have been
identified as major issues.13

Variations in cognitive capabilities can cause practical
problems in evaluating responses to abstract ideas.18 Both
the understanding of health as a concept and the meaning
of that concept change during childhood and adolescence.
For instance, Natapoff found that approximately 20 per
cent of six-year olds described feeling healthy as “not
sick,” whereas over 60 per cent of 12-year-olds responded
in this way.19 Progressively through the teenage years,
the proportion of individuals who define health as “the
absence of illness” decreases, and an increasing awareness
of psychosocial and emotional implications of illness
develops.20,21 This indicates a change in appreciation of
concepts and language of health and ill health as children
mature.

and concerns. It is a broad-ranging concept affected
in a complex way by the person’s physical health,
psychological state, level of independence, social
relationships, and their relationships to salient
features of their environment.11

American Cancer Society definition

Quality of life is multidimensional. It includes, but is
not limited to, the social, physical, and emotional
functioning of the child and adolescent, and when
indicated his/her family, and it must be sensitive to
the changes that occur through development.12

Role function
(family and peer relationships)

Social function
General well-being

Spiritual
Environmental

Income and finances

Health status
Physical health

Psychological health
(emotion and cognition)

Quality of life

Health-related
quality of life

Figure 27.1 Relationship between quality of life, health-related
quality of life, and health status.
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Proxy respondents

The ideal person to judge an individual’s quality of life is
that person. However, the requirement for the assessment
to be acceptable to, and appropriate for, children often
precludes this. Few self-completed measures of childhood
HRQL exist.22 Accordingly, proxy respondents are needed
for most generic instruments. Evidence exists that the
more subjective domains of HRQL are measured less
adequately by proxy respondents than the more objective
domains, which include functional capacity.23,24

Adolescents in particular disagree with their parents’
rating of anxieties and concerns.25 Some studies have
shown children to report more problems related to emo-
tional distress, while their parents report more issues asso-
ciated with observable behavioral reactions.26 However,
disagreement may be “healthy,” and high levels of con-
cordance between parents and offspring may in fact rep-
resent a poor quality of life, as childhood is normally
associated with gaining autonomy and independence
from parental views.27

Despite concerns relating to the use of proxy respon-
dents, they can, nevertheless, provide informative details
relating to children’s HRQL.28 Until such time as psycho-
metrically valid, reliable, and reproducible measures for
child self-completion become available, this should not
be ignored.

Central nervous system and extracranial
tumors

The exact cause of the neural toxicity that occurs after spe-
cific cancer therapies is still unclear, but its existence and
certain characteristics are now well recognized. Awareness
of this has led in some instances to reduction or omission
of the neurotoxic components of the treatment strategies,
e.g. using cranial radiotherapy fields or doses in young
children. It is exceptional for these treatment modifica-
tions to be truly evidence-based in their justification. It is
generally true in most countries that supportive commu-
nity and educational strategies and services to support
children with CNS toxicities to address the neural deficits
in existing survivors are organized haphazardly.

CLINICAL TRIALS

Rationale

The requirement for scientific evidence (or reproducible
experiment) as the rationale upon which most advances
in medical treatments are based hardly seems to need stat-
ing, yet there are many exceptions to this rule. In particular,
treatments that make a large and obvious improvement

to outcome, such as antibiotics for meningitis, are rarely
submitted to controlled scientific experiment; nor are
treatments that may or may not make a reliably measur-
able clinical improvement but are felt to have sufficient
face validity not to require it, such as provision of special
educational support tailored to the needs of the child.
Randomized, controlled clinical trials (RCTs) are gener-
ally considered to be the best way to determine which of
two treatments that have a similar outcome is superior.
Very few interventions, however, are all good, and decision-
making involves a risk/benefit analysis that quantifies 
the degree of uncertainty29 and, increasingly, needs to
involve patients and carers.30

For a treatment to be adopted as a result of a clinical
trial, the findings of the trial should be reliable and gen-
eralizable. These characteristics are harder to achieve in a
single institution because of small numbers and selection
of patients by local referral pattern. These difficulties
lead logically to multicenter RCTs, which are necessary
because of the rarity of the disorders and challenging
because of the difficulty in obtaining agreement on the
experimental question to be addressed. They are burden-
some in their conduct between countries with barriers of
language, ethics, and rules of research practice.

Selection of outcome measure

There are many variables that may affect the outcome and
also many different outcomes to measure. Event-free sur-
vival at a time interval after diagnosis is clearly one impor-
tant definable end point and is, historically, often the only
kind of outcome that has been ascertained adequately in
multicenter trials of treatment of children with brain
tumors. However, long-term health status and associated
quality of life, as detailed earlier in this chapter, are recog-
nized by family, other carers, and health professionals to be
critically important. This becomes increasingly the case as
the overall long-term survival from brain tumors rises
from its current rate of greater than 50 per cent overall.31

Important variables at diagnosis that are predictive of
quality of survival after diagnosis and treatment include
the individual differences in intelligence, development,
and disability between children before the presentation of
their tumor, deficits caused by the tumor itself before
treatment, morbidity associated with surgery, and the tox-
icities of chemotherapy and radiotherapy. These continue
to cause deficits in neurological, behavioral, and endocrine
functions, as well as other late-effect organ toxicities, e.g.
in the kidneys, ears, heart, lungs, and skin.

Effect of individual therapies on quality of
survival

Radiation therapy has been the easiest of these factors 
to study, both because it is the most standardized in its



application and because its effects can be predicted by
analogy with the use of whole-brain and craniospinal
irradiation in the more common and more clinically
stereotyped circumstances of acute lymphocytic leukemia
without CNS involvement in the disease (see below).32

Relatively little information has been collected systemat-
ically regarding the other therapies mentioned above, or
their interactions with radiation effects, or tumor effects
and other background variables in the social, psycholog-
ical, and educational circumstances of the affected child,
although the data that do exist suggest that these factors
are important.33–36

The effects of cranial radiotherapy (18–24 Gy) have
been studied in large numbers of survivors of acute
childhood leukemia. Even with these lower doses, impaired
school performance with a reduction of up to 20 points
in IQ,37 poor growth, disordered pubertal development,38

and obesity39 may all follow. These adverse effects are
most severe in children under three years of age,40 and
there is some increased susceptibility to neuroendocrine
toxicity in children under seven years of age,41 not least
because they have much of their growth, development,
and education ahead of them.

Systemic and intrathecal chemotherapy may cause
cerebral white-matter damage, with resultant morbidity.42

Intrathecal chemotherapy may be responsible for com-
pounding the cognitive consequences by cranial irradia-
tion,43 which manifests itself neuroradiologically.44

Additive toxicity of the two modalities of treatment also
affects the endocrine system (see Chapter 24).

In the case of primary CNS tumors, these mechanisms
of injury are compounded further by the mass effects of
the tumor itself, the consequences of raised intracranial
pressure due to episodes of hydrocephalus, traumatic
brain injury due to neurosurgery, a disrupted blood–brain
barrier open to chemotherapeutic agents, and the use of
focused high-dose (55 Gy) and whole-brain (35 Gy)
radiation.5,45,46 Although the damage is incurred at the
time of diagnosis and treatment, its effects may appear to
evolve over time.

To date, attempts to assess the impact of therapy 
on HRQL of survivors of childhood cancer have not
revealed a clear-cut or simple picture. Survivors of CNS
tumors are likely to experience a high overall morbidity
burden and poor psychosocial outcome for multiple 
reasons.47,48 They have often been excluded as a special
case from studies of effects of a wide range of cancers 
on school behavior, performance, and health status,48,49

perhaps reflecting low societal expectation of their
achievements.

Focusing on reducing irradiation toxicity alone to the
exclusion of other therapeutic or tumor-induced harm
may well not enhance eventual quality of survival and
may compromise existing event-free survival rates. Since
radiation is the most effective and proven treatment
modality, it is imperative to examine longitudinally the
effects of age, dose, tumor position, and time interval
from treatment on specific aspects of quality of life and
cognitive and endocrine outcomes. Only then can the
exact etiology of neural toxicity be truly identified, and
treatment and rehabilitation interventions (endocrine,
psychotherapeutic, educational) be devised to increase
autonomy, psychosocial function, and quality of life.

CONSTRAINTS ON TYPES OF MEASURE

Length of assessment

Conventional assessment of neuropsychological function
by psychometric testing is time-consuming, costly, and
therefore difficult to achieve across multiple institutions
(see Primitive neuroectodermal tumors, below). It also
fails to test a number of important domains of function.
To be predictive of function in daily life, data on cogni-
tive function must be considered within a standardized
framework that also incorporates motor and sensory
function, emotion, pain, hormonal and maturational
status, behavior, educational provision and achievement,
social integration, and the subjective experience of the
growing child and their family. The need for this infor-
mation has to be balanced against increasing risk of poor
ascertainment of the data from families and medical staff
with increasing length and complexity of assessment. In
order to combine breadth with reliability and brevity,
short questionnaires, preferably with a bias to informa-
tion provided by the family and patient themselves, seem
to be the logical solution.50 Furthermore, there are data
supporting the validity of this approach, in comparison
with more in-depth testing. Thus, the Health Utilities
Index (HUI), a 16-item questionnaire, was found to be at
least as predictive of school performance as neuropsy-
chological testing in one study of children with primitive
neuroectodermal tumor (PNET).51 Very good agreement
has also been reported between in-depth neurodevelop-
mental testing and parent- or health-visitor-completed
questionnaires in follow-up of premature infants in mul-
ticenter RCTs.52,53

Timing of assessments

Many assessments of morbidity in survivors of child-
hood brain tumors have been cross-sectional or retro-
spective, performed following completion of therapy.

496 Quality of survival

It has been said that the gold standard is no radio-
therapy.
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Longitudinal studies have documented a high incidence
of sensory motor disabilities at presentation or following
surgery, so that survivors would be predicted to have a
high incidence of developmental and endocrine problems,
even if no further treatment were given.46,54,55 It is there-
fore desirable to collect information not only about the
postoperative and post-adjuvant therapy status but also
about the presenting state, although the practicalities of
the clinical situation mean that only postoperative assess-
ment is achievable by direct observation as opposed to
parental report.

At the time of any single assessment, the child’s trajec-
tory of developmental progress may be approaching or
progressively deviating from the normal.17 For this rea-
son, data from a single set of assessments are difficult to
interpret with respect to subsequent function, particu-
larly when the short-term toxicities are significant or the
long-term toxicities progressive over several years.56 One
published standardized framework for follow-up sug-
gests assessments relating to time of diagnosis, following
postoperative discharge, at one, three, and five years from
diagnosis, and at the age of 25 years,57 although more fre-
quent measurements may be required for interpretation
of endocrine data.

Infants and preschool children

Morbidity following brain tumors in preschool children
is high, but reliable estimates of developmental status in
very young children can be technically difficult to achieve,
particularly during treatment.54 Problems that can be
defined at school age may be more predictive of the
strengths and limitations of the future adult’s functioning
than earlier assessments. A picture of the early develop-
mental trajectory of infants and preschool children can
be obtained by the use of a standardized parental report
measure, such as the Vineland Adaptive Behaviour Scale.58

ILLUSTRATIVE PROBLEMS IN TRIALS
(EUROPEAN AND AMERICAN EXPERIENCE)

Primitive neuroectodermal tumors

PNET is the most common malignant brain tumor of
childhood. The current standard of care includes sur-
gery, radiotherapy, and chemotherapy, whose effects on
long-term outcome are therefore all questions of imme-
diate importance. For these reasons, it provides perhaps
the most graphic illustration of the difficulties associated
with assessing quality of survival in multicenter trials.
Thousands of children have been enrolled in RCTs of treat-
ment for PNET. In many cases, the two treatment arms

have been selected for comparison with an improvement
in quality of survival as a primary or secondary aim of
the trial, and yet the extent to which this was achieved is
known incompletely and the findings are inconclusive.
The efforts to obtain such information in two trials con-
ducted in the USA are summarized below.

The Pediatric Oncology Group (POG) study 8631 
for low-risk medulloblastoma (1986–1990) randomized
patients to receive reduced-dose neuraxial radiotherapy
(RRT) of 23.4 Gy in 13 fractions or standard-dose radio-
therapy (SRT) of 36 Gy in 20 fractions. Patients in both
arms received a 32.4-Gy boost to the posterior fossa. The
protocol required serial psychological testing and mea-
surement of achievement for 42 months, but “compliance
with these studies was poor ... therefore, the planned lon-
gitudinal analysis of intergroup data was abandoned.”47

Special funding to enable the testing psychologists to be
reimbursed was obtained in 1996, and 22 of 35 (60 per
cent) eligible surviving patients completed testing.
Patients were divided into younger (Y) and older (O)
groups according to their median age at diagnosis (8.85
years). Attention, reading, arithmetic, and verbal, per-
formance, and full-scale IQ were assessed at a median
time from diagnosis of 8.2 years. The group as a whole
scored a low average level on these measures at their last
assessment, but with a wide range (e.g. full-scale IQ
median 85.8, range 55–105). Although younger age and
higher radiation dose were expected to be associated
with lower IQ, this was noted only as a progressive
decline in both full-scale IQ and performance IQ across
O/RRT, O/SST,Y/RRT, and Y/SST, but not in comparisons
between any pair of these four groups. Longitudinal
comparison of individual baseline scores with subse-
quent scores in the same patients did not confirm an 
age- or radiation-dose-dependent pattern. A (statistically
non-significant) 15-point IQ point advantage was seen
in the Y/RRT group (n � 6) compared with the Y/SRT
group (n � 4). The authors commented that the poor
ascertainment using their methods had been “unfortunate
but instructive,” and they recommended that “in future
studies, alternative methodologies should be considered
such as using well-validated parent or teacher question-
naires or abbreviated measures that can be administered
by a variety of health care professionals.”47

Another similar attempt to assess outcome of treat-
ment for medulloblastoma was made in the Children’s
Cancer Study Group single-arm study 9892 (1989–1994),
in which 43 of 61 (70 per cent) eligible patients under-
went longitudinal intelligence testing (i.e. were tested at
least twice).56 They were all treated with RRT plus adjuvant
therapy with vincristine, lomustine, and cisplatin. Using
a statistical technique in which the predicted rate of change
of IQ over time is defined by the average slope of all the
individual subjects’ curves, the authors reported a pre-
dicted fall of 17.4 points over four years from radiotherapy,



from a baseline (measured after surgery) of 96.2. Similar
results were reported for verbal and non-verbal subscores.
Individuals with higher baseline scores had larger falls in
IQ. Females (n � 8) and subjects aged less than seven years
(n � 27) had larger falls in verbal IQ scores than males
(n � 32) and those aged seven years or older (n � 13).
The authors commented that the decline in IQ following
reduced-dose radiotherapy in their patients did not appear
to differ significantly from that reported in previous
studies with standard-dose radiotherapy, but it corre-
sponded to the rate of decline predicted from an earlier
study of irradiation at the lower dose in leukemia.32 They
speculated that a follow-up period longer than four years
was necessary, and that any subsequent further fall in IQ
in their patients in the future might be less than that
reported in some previous studies of SRT.59 This might
also be the case for growth and puberty outcomes.38

Despite the prospective and randomized design of
these two trials in the commonest of brain tumors for
which treatment choice exists, the logistical difficulties in
obtaining the relevant information repeatedly has meant
that comparisons had to be made between incomplete
subgroups of, in some cases, fewer than ten children. The
result is a lack of reliable evidence supporting the idea
that reducing the dose of radiotherapy is beneficial, while
the potentially detrimental effects of presenting status
and surgery60 remain untested.

It is regrettable that very little information on quality of
survival is available on the large numbers of children
enrolled in previous European trials of treatment for
PNET. Attempts to rectify this omission for patients previ-
ously enrolled in two of these trials are currently in progress
in a cross-sectional study, and health status, endocrine
function, and health-related quality of life will be assessed
longitudinally using standardized questionnaires in the
International Society of Paediatric Oncology PNET 4 trial
for children aged three years and over, which opened in
2002. Infants with PNET are at even greater risk of poor
neurodevelopmental outcome,61 and they may exhibit
greater neurotoxicity and psychosocial consequences from
chemotherapy followed by delayed irradiation.62

Intracranial germinoma

The difficulties described above in determining the qual-
ity of outcome in children with PNET are in contrast to
the more complete ascertainment of outcome, albeit with
less in-depth information, in the case of the much less
common intracranial germinoma. This tumor can be
treated effectively either with radiation therapy or with
chemotherapy. A prevailing belief in the late 1980s that
craniospinal irradiation must lead to poor quality of
life prompted a move away from conventional radiation
treatment towards a variety of chemotherapeutic regimens.

Some of the latter proved to have a lower event-free and
overall survival than radiation therapy (UKCCSG review
of patients registered from 1989 to 1994).

Two subsequent papers have obtained quality-of-life
data on survivors treated over a 20-year period. Infor-
mation was obtained on over 80 per cent of eligible patients
by questionnaire. The findings suggested that their long-
term health status and quality of life was, in fact, good, even
in the large majority that had been treated with whole-
brain or craniospinal irradiation (n � 22, n � 20, respec-
tively, in the two studies).63,64 Positive contributory factors
are likely to include later age at presentation (usually
adolescence) and relatively little tumor- or surgery-related
disability. Thus, in this treatment context, the outcome of
craniospinal irradiation is quite different from that
reported in PNET, and the evidence seems to favor a dif-
ferent answer about irradiation toxicity than the prevail-
ing belief in a high incidence of serious adverse effects. In
this instance, changes for treatment have sometimes
been driven more by belief or fashion than by evidence,
even though useful data to inform treatment choice can
be obtained, even in rare tumors, by brief questionnaire
methods and simple endocrine surveillance.

Other tumor types

Similar controversies urgently require systematic data
collection to inform treatment choices in many types of
brain tumor, especially in the youngest children. These
include low-grade glioma, including hypothalamic chi-
asmatic glioma (e.g. observation versus either chemother-
apy or local radiation therapy), craniopharyngioma (e.g.
radical surgery versus conservative surgery plus radia-
tion therapy; see Chapter 20), and malignant tumors in
infants (e.g. chemotherapy plus delayed local radiother-
apy versus chemotherapy alone).

THE WAY FORWARD

Experiences such as that described above are now result-
ing in widening agreement on three issues:

• Information on quality of survival must be collected
prospectively in trials of treatment for childhood
brain tumors.

• Parent- and child-completed questionnaires are the
most practicable method for achieving this.

• Functions such as hearing, vision, manipulative
skills, mobility, cognition, growth, puberty and
hormonal integrity, emotional well-being, behavior,
and some measure of the parents’ and child’s
perception of their health-related quality of life
should be included in the assessment.

498 Quality of survival



Detailed suggestions have been made (e.g. by Glaser
and colleagues57) and continue to evolve, but firm recom-
mendations must await the accumulation of more expe-
rience in using such methods. In general, it is likely that
generic questionnaires will need to be supplemented by
disease-specific questions, which will vary with the diag-
nosis and with the specific treatment-related toxicities
expected.

The evidence base for rehabilitative interventions
improving quality of outcome in these patient groups is,
with the exception of hormone replacement, absent. Some
would argue that multidisciplinary evaluation of, and
provision for motor, sensory, cognitive, behavioral, and
emotional difficulties are probably within the category of
interventions with sufficient face validity not to require
formal scientific evaluation, which would certainly be
difficult to undertake. Similarly, communicating clear and
comprehensible medical advice to schools and deploy-
ment of schooling support tailored to the needs of the
individual, especially at important transitional phases
(e.g. return to school, primary/secondary school transition,
school/employment transition), seem clinically essential.
However, these views remain a matter of commonsense
rather than evidence. Ultimately, more specific informa-
tion about the range and relative importance of different
disabilities should not only inform anti-tumor treatment
but also provide the basis for evaluation of specific reha-
bilitative strategies in several domains, perhaps including
parenting, education, psychiatric intervention, and the
acquisition of social skills.
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INTRODUCTION

There is no doubt that appropriate information to under-
stand what is happening to them enables families to deal
more effectively with the experience of childhood cancer,
throughout treatment and follow-up. Families of chil-
dren with brain tumors in New York identified medical
information and education as one of the four key issues.1

Other studies of family needs support this conclusion.2,3

The explanation of signs and symptoms of brain and
spinal cord tumors, together with the rationale of treat-
ment selection and prospects for follow-up, are over-
whelming for parents and child. A systematic staged
approach to the presentation of such a vast range of
information carries the risk of adding to rather than alle-
viating the burden. The healthcare team has to understand
the content and sources of information, the methods,
process, and dynamics of information transfer, and the
specific issues for each patient, parent, and family. The
scope of information that is relevant, and the family’s
ability to understand, process and use it, evolve as the dis-
ease and its treatment unfold. Furthermore, new infor-
mation derived from research emerges constantly and
needs to be assimilated by the clinical team and the fam-
ily. Acquisition and provision of information form a
dynamic process that requires the active participation of
both the healthcare team and the family. This chapter
starts with a parent’s view of information needs, describes
a professional framework for meeting the information

needs of the child and family, and finally reviews current
Internet techniques and sites relevant to the needs of the
child with a brain tumor and their family.

A parent’s view: closing the gaps

JANE BOND

It is three years since my daughter was diagnosed with a
brain tumor at the age of nine. From the sunny uplands of
remission, I can now look back on that time and see it
demarcated into different stages, each with its attendant
set of obstacles and emotions. This vantage point has
been reached only after a benighted journey through a
landscape so unfamiliar and so frightening that it was
often possible to see only as far ahead as the next footstep.

My husband Chris and I were turned to rubble by the
diagnosis. Work was out of the question; family life was
instantly in tatters. There was a dislocating sense of unre-
ality, as if we were floating in the corner of a room,
watching a drama in which our bodily selves played fool-
ish, bumbling characters that missed their cues and
fluffed their lines. Everyone knew the plot except us.

Orienting ourselves in this alien landscape seemed
impossible. The ground kept disappearing beneath our
feet as we slid away, inexorably downwards, constantly
overtaken by events, new complications, new disasters.
First the bombshell news of the tumor, followed by sur-
gery, then brain swelling and pneumonia, then further
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surgery, then back to intensive care with brainstem 
damage – cancer all the while sitting on the sidelines like
the Grim Reaper sharpening his scythe.

The enormity of the diagnosis and rapidity of events
swept away our ability to understand what was happen-
ing. Shock and grief establish their own priorities: only
immediate information seemed relevant. Our underlying
ignorance was too great to be addressed. Glasgow Coma
Scale? We had never heard of it. It was nearly a week
before I realized that Amy’s pneumonia was not a “chill”
with knobs on but a result of inhaling her own secretions
during the operation. Either this had not been explained,
or I had somehow missed the explanation.

Doctors and nurses imparted information in slow,
simplistic, sound bites. While we were grateful for this, it
also made us feel very stupid. It was the most cata-
strophic event in our daughter’s life, yet instead of pro-
tecting and helping her we were reduced to the level of
useless, passive cripples. Neither did it help to be asked if
we had any questions. How can you ask a question when
you have no vocabulary? Besides, the questions we could
articulate – What is the reputation of this center? How
qualified/experienced is the surgeon? – seemed too
impolite to express. It takes a confident parent indeed to
run the risk of alienating the medical professionals by
questioning their very competence. It is astonishing how
manners can get in the way of communications, even in
extremis.

We needed to know who was who, what their status
was, and where they fitted into the overall picture. A
name and a job title were not enough. We wanted a dia-
gram, a map of the whole maze. Without this overview,
events seemed haphazard and arbitrary, and the comings
and goings of doctors unfathomable. What to the profes-
sionals may have been a key meeting seemed to us like a
snatched, accidental moment at the bottom of the bed.
We had no access to the agenda, did not know what ques-
tions to ask. Everyone was busy with vitally important
tasks, and there was no time at all for the basic, open-
ended discussion we required.

If communications were hampered by lack of time,
ignorance, and politeness, then they were stalled even
more by the constant presence of my daughter, who for
all but the first two days of the four months we were in
hospital was unable to communicate. No one could guess
what she might or might not want to hear, and our
instinct was to protect her. Opportunities for discussion
away from the bed were few and far between, and we fre-
quently felt unable to hold the kind of frank discussion
we wanted. It even felt sometimes as if the doctors knew
this and used her presence as a way of inhibiting free and
time-consuming debate. For me, if the price I had to pay
for a direct exchange was that Amy, in her mute, para-
lyzed state, had to hear it too, then there was no option –
I would have to do without.

What we needed at this time was access to independent,
written material about the complications that can follow
brain injury. We felt we were trying to piece together a pic-
ture when we had only a few bits of the jigsaw. We had the
conflicting opinions implied by the behavior of the profes-
sionals, the undisguised dismay of the friends and relatives
who came to visit Amy, as well as the unsought reactions of
every Tom, Dick, and Harry who came into contact with
us: the well-meaning parent who told me that six months
after her son’s brain injury in a road accident, she had
finally accepted that miracles don’t happen; the paramedic
who assumed Amy had been “born that way;” the thera-
pists keen to equip us with wheelchairs, feed machines,
and stairlifts for the life ahead.

Without an overview to put things in perspective,
small events took on a significance that they did not
merit, and key information was obscured. My daughter’s
radiotherapy, for example, was carried out at a different
hospital, and the practical arrangements for this were
chaotic. Rationally, we knew that the quality of the actual
treatment was not linked to these organizational difficul-
ties. Emotionally, it undermined our confidence. In a
vivid nightmare, a casual young radiographer shot indis-
criminate bursts of radiation at all three of my children
from a kind of machine gun, while I politely said noth-
ing. Absurd, maybe, but it articulated my deepest fears
that perhaps everything really was out of control and
there was nothing I could do about it. Actions sometimes
speak louder than words, and if the surface that the par-
ents see is disorganized, confused, and contradictory,
then this will drown out any verbal reassurances from
doctors.

This tendency to fill the gaps with terrifying imagin-
ings was a destructive and energy-sapping experience.
Reading between the lines became a pastime, aggravated
by the reticence of the professionals. The non-committal
silence that descends on medical and nursing staff when
the prognosis is uncertain creates a gulf so wide that you
can feel the wind blow through it. The feeling of being
excluded from some terrible professional secret is
inescapable. It leaves parents stranded in a no-man’s land
of uninformed speculation. Chris and I would sit miser-
ably having “What if ...?” conversations. What if her brain
had been deprived of oxygen? What if the damage was
irreparable? What if there was something we were not
being told?

It was a land of inference and insinuation, full of “may,”
“might,” “possibly,” and “perhaps,” where everything was
implicit, nothing explicit. On the one hand we had
nurses who treated our daughter as if she could hear, see,
and understand everything; on the other we had those who
clearly felt she had been reduced to the level of an infant.
We had one doctor who referred obliquely to “miracles,”
another who repeatedly shook his head and said one
word – “Terrible.”
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My first instinct on hitting any problem is to read
around the subject. Trapped in hospital for weeks on end
dealing with Amy’s day-to-day care, we were cut off from
other sources of information – books, friends, the
Internet. We had no opportunity, time, or energy to
research things for ourselves. Requests for written mate-
rial from the hospital met with an apologetic shrug and a
tiny leaflet on children’s brain tumors that was pitched at
a laughably low level. Any grown-up, whatever their edu-
cational status, would have required more information
than this if they were taking out a mortgage or buying a
new car, let alone dealing with a matter of life and death
for their child. I had managed to get hold of an American
booklet through the hospital patients’ library. It was good,
but it was short. Salvation came in the form of a book sent
by my father. Written by Patricia M. Davies, it was called
Starting Again, and it was about rehabilitation after brain
injury. It was full of practical information, explanations,
and graphic photos. One picture showed a boy of 12 with
a twisted torso and useless arms. The frontispiece showed
him as a young man ... windsurfing. The book was about
brain damage, not brain tumors, but it was what I needed.

Further enlightenment came when a doctor gave us a
book on neurosurgery, with a section marked for us to
read. He was clearly worried that the pictures would
upset us, that we would get confused or burden ourselves
with irrelevant anxieties. We got the impression that giv-
ing us the book was a calculated risk. It came with a
warning that we should not go reading the rest of it. It
was a turning point. The marked section was about cere-
bellar mutism, the syndrome affecting Amy. All the worry-
ing symptoms – the total inability to communicate, the
obsessive, repetitive tics, the almost autistic withdrawal
from the world – were described. We were not in uncharted
waters after all. At last we had a map.

Of course, we scoured the rest of the book. Tell Pandora
not to open the box and she will be delving away before
you can say “sin.” At an earlier stage, an officious doctor
told me I could not see my daughter’s notes or read a letter
pertaining to her treatment. I would have to apply, I would
have to pay, and in any case the notes might upset me.

Upset me? My daughter had cancer and brain damage.
What possible piece of ink and paper could upset me more
than this? What image could be more gruesome than the
reality of my own child’s flaccid, dribbling face? Or more
confusing than the mixed messages that bombarded me
every day on the ward? I was becoming increasingly irri-
tated by the notion that other people seemed to think they
knew what was best for me and that information was
being rationed out, piecemeal, at what were deemed
appropriate stages. Well-meaning though this approach
was, helpful even in the first few days, it eventually made
me feel that I was being kept in the dark.

There will never be an equal partnership between par-
ents and doctors/nurses. Most parents would not wish

for an equal partnership – we want a level of perfection
and detachment from the professionals caring for our
children that we do not possess ourselves – but there is
one area where there can and should be a level playing
field, and that is in the sharing of information. Current
practices regarding the keeping of medical and nursing
notes do nothing to nurture a culture of transparency
and openness. The discovery that not only my daughter’s
condition but also my own state of mental distress had
been recorded in the nursing notes left me feeling even
more like a laboratory rat trapped in a maze. My emo-
tional state had been recorded, but my opinions and con-
cerns had not. It seemed that I was regarded as an
honorary patient, not a partner.

The thing that would have made the single biggest dif-
ference to our experience in hospital is the thing most dif-
ficult to come by: more “parent-only”time with the doctors.
Given that this is a tall order, there are two other simple
steps that would have improved things: (i) a wide-rang-
ing ward library of written background information, and
(ii) access to and regular discussion of our child’s notes.

Our hypocrisy knew no bounds when it came to shar-
ing information with Amy. Everything we told her was
edited carefully, with an upbeat, positive spin on it. If any-
one said anything negative in front of her, I would whis-
per contradictions in her ear as soon as they had gone.
The ghoulish radiotherapy doll and scary video I was sup-
posed to show her stayed in the cupboard. I wasn’t going
to dump this load on a child who couldn’t respond, and I
hated everyone for suggesting that I should.

I think I would have felt and behaved differently if Amy
had not been in such a passive state. Everything would have
been easier if she had been able to react, ask questions, dis-
cuss things, cry. Maybe I would even have managed a bit of
honesty. By the time she came back to us, things had
moved on so far that there seemed little point in going
back over old ground. When she was first able to commu-
nicate, which she did with the aid of a speaking machine, it
became apparent that she had taken in quite a lot. She had
acquired a medical vocabulary and could even spell most
of the words. Yet to this day, she asks few questions about
her illness and seems intent on getting on with her life. I
think this is natural, healthy, and desirable. Burdening a
child with adult notions of “honesty” and “truth” is point-
less and seems to me to have more to do with preserving
some abstract professional integrity than with providing
what is constructive for the child and family.

Going home felt like escaping from prison. We wanted
to pull up the drawbridge, batten down the hatches, and
never speak to or see a doctor or nurse again. The horri-
ble realization that we had become part of a “cancer 
network” that meant the unsought delivery of brown
envelopes containing newsletters, magazines, and invita-
tions to support groups made us feel like nailing up the
letterbox too.



Radiotherapy over, all we could do was wait and see
whether if had worked. We had had enough of cancer,
and we didn’t want to know any more. Practical help
with rehabilitation was what we needed now. A meeting
set up before we left hospital augured well for our return
home. We were promised physiotherapy, speech therapy,
occupational therapy, community nurses, a community
pediatrician, a statement of special educational needs …

I have spent the past two and a half years trying to
close the gap between this veneer of words and the crum-
bly, under-funded structure it covers. I have all the writ-
ten information I need, enough words to sink a ship,
when all I really want is a little bit of action.

It has taken every communication skill I possess to get
my daughter what she needs to recover from her brain
injury. I have negotiated by phone, by letter, and in person,
I have begged, cried, used emotional blackmail, surfed the
Internet, scoured the papers, got angry with people, and
sought out complementary therapies. During the course
of this process, I have grown a second head that babbles
jargon and fluently rehearses the litany of my daughter’s
disabilities in order to secure her the help she needs.

I do not like this second head, but it is a necessary evil.
If it has to do a lot of talking (for instance, if I am argu-
ing the case for more educational support in school), I
can end up getting depressed by my own punctilious
enumeration of all Amy’s difficulties, but the system will
not deliver for children unless parents learn this role. Key
people within the system have been invaluable in helping
me learn to play this part. I just have to make sure I don’t
lose sight of my real feelings: my relief, joy, and gratitude
that I still have Amy, whatever the problems.

Communications with hospital have improved since
we escaped from its clutches. We were allowed to get off
the knife-edge of constant scans as soon as we had a clear
one.We have just enough appointments to reassure us that
everything is well, and we know we will get an immediate
response if we have any concerns. We have stopped put-
ting Contact magazine (a UK parents’ magazine con-
cerned with childhood cancer) in the bin. We have even
reached the stage where we feel pleased to see the hospi-
tal staff again. And I never thought I would say that!

Jane Bond’s piece has described graphically the parents’
experience as their child is diagnosed and treated and
recovers. The first step is breaking the news that a brain
tumor has been found.

SETTING THE CONTEXT FOR BREAKING 
THE NEWS

The context in which bad news is conveyed has signifi-
cant impact on the reception and processing it receives.

Attempts have been made to define some of the compo-
nents that facilitate the process and minimize the distress
of the family. The Scope guidelines were developed by
parents who had been told of their child’s handicap/
disability.4 These guidelines identify conditions to be
considered by the clinician when planning to break bad
news. The SPIKES program defines a six-step protocol to
be followed when breaking bad news to families.5 SPIKES
summarizes six successive steps in accomplishing com-
plex communication: (i) creating appropriate interview
setting and circumstances; (ii) determining the patient’s
perception, comprehension, and current state of mind
regarding the medical situation to date; (iii) inviting
patients/parents to identify how, when, and how much
information they wish to receive; (iv) providing knowledge
in small and understandable bites, with repeated inquiry
as to patient/parent comprehension; (v) assessing and
addressing the parents’ and patient’s emotions and reac-
tions, with an emphasis on moving on to other issues only
when the patients/parents are ready; and (vi) generating
a strategy and summary, in which the patient is capable of
discussing treatment options, the family’s specific, disease-
related goals are identified, and in which staff contend with
their own difficult emotional reactions. Both approaches
are well founded and provide a useful framework for the
disclosure process, although they will need to be adapted
for individual practitioners’ styles of practice, having at
the forefront of consideration the best interests of the
child and family.

ESTABLISHING A COMMON LANGUAGE 
AND VOCABULARY

Central to the successful development of shared under-
standing is the establishment of a common language of
healthcare. Most lay-directed guidebooks and self-help
texts include glossaries to define words used in clinical
practice and that have no meaning or anchor for the newly
exposed families. Continued attention to these defini-
tions will prevent misunderstanding of information
obtained from outside sources and prove helpful to 
families at every stage.

THE MULTIDISCIPLINARY/MULTIPROFESSIONAL
TEAM AND THEIR ROLES

The different roles of members of the multiprofessional
team need early explanation, so that it is clear which spe-
cialists will make decisions regarding clinical strategies
and treatments. The diversity of professional roles is con-
founding and requires careful explanation. It is important
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that families understand that any member of the team
will reflect the consensus opinion of the team. Where
advanced practice nurses are involved, the specific nature
of their role must be clarified and differentiated from
that of the bedside nurse. As different specialists become
involved over the course of the illness, they should be intro-
duced and their roles identified.

WHO PROVIDES THE INFORMATION AND
EDUCATION?

There are at least two components to achieving under-
standing in parents and families. One is provision of
information; the other is achieving their education. Pro-
viding information ensures that the family and the child
are in possession of the facts that are relevant and appro-
priate to their circumstances. Achieving education implies
that they have understood and are able to apply these
facts in decision-making and understanding of their own
situation.

Many people are involved in decision-making, and
the use of consistent language is key to successful commu-
nication between specialists and with children and their
families. Communication with the families is achieved
best by designating a single individual who fulfils the role
of the primary communicator. Where therapy involves
multiple modalities of treatment, that individual will
most often be the oncologist. Other team specialists will
have roles explaining aspects of their own particular
intervention, e.g. surgery or radiotherapy.

It is now naive to think that the primary source of
information is the clinical professionals. While there is
evidence to suggest that the primary physician is still the
preferred source of information,4 the Internet is a major
secondary source. Awareness that information provided
by the caregivers will be compared with that derived
from the Internet or other sources requires health profes-
sionals to have knowledge of the content of key websites
and other published literature.

The interpretation and assimilation of information
can be facilitated by the advanced practice nurse or equiv-
alent, with a view to enhancing understanding and mod-
ifying behaviors throughout the patient’s journey.

WHO NEEDS WHAT INFORMATION AND 
IN WHAT FORMAT?

All members of the family need information appropriate
for their needs at the time. Parents are the first targets,
even when the patient is an adolescent. Material developed
for children’s understanding is often more effective in 

starting the adults along the right lines of comprehen-
sion. The level of complexity of information and the for-
mat in which it is most useful are determined by many
factors. The level of education, the primary language of
communication, and the cultural and social background
are important determinants, as is familiarity with and
access to the Internet. In general, providing access to a
wide range of material allows people to choose that
which is most useful.

It is helpful if parents have material, in whatever for-
mat, reflecting the content of the discussion to take away
from interviews. This may be written material, drawings,
diagrams, flow sheets, or video cassettes. This sort of
information can provide a framework for subsequent
discussions.

Siblings have a significant need for information.5

Whether professionals or parents provide this will vary
with the circumstances and preferences. Education of the
extended family may help the parents cope; however, this
is usually beyond the scope of the treatment team. This
deficit can be addressed through educational symposia,
public lectures, TV programs, and open forums address-
ing relevant topics in a general context. Inclusion of
extended family members in contacts with the clinical team
at certain stages of the treatment journey can be very
helpful in achieving the goal of an educated family.

INFORMATION NEEDS OVER THE COURSE
OF THE DISEASE

Before definitive diagnosis

THE PARENTS’ NEEDS

Many, but not all, parents whose child develops neuro-
logical symptoms may consider a brain tumor as one of
the likely diagnoses. The process of making or excluding
this diagnosis should be the focus of the initial exchange
of information. Explanations of reasons for symptoms
and the likelihood of their permanence/capacity for
recovery is critical, as are descriptions of forthcoming
procedures and surgical procedures.

The results of the imaging studies must be communi-
cated clearly. Description of these findings allows an
explanation of the link between functional neuroanatomy
and symptoms. Furthermore, it is central to planning
surgery, which is most frequently the first intervention.
The intent of the surgical procedure should be explained
and may require the introduction of concepts such as
biopsy, partial removal, and non-resectability. When sur-
gical intervention is not planned, the reason for this
requires explanation. The reasons for not resecting, for
example, an optic pathway glioma differ from those for
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not resecting a brainstem glioma, but it is not uncommon
for parents to draw incorrect conclusions.

The purpose and implications of shunt placement, if
planned, requires explanation, as does any anticipated
ancillary procedure, such as central-line placement. An
outline of the most likely postoperative events, including
how the child will look and behave when they wake up,
whether the child will be on the intensive care unit, the
need for postoperative investigations for staging, and
again the anticipated delay while pathologic characteri-
zation occurs, is very important information for parents
in limbo.

THE CHILD’S NEEDS

The principal need for most children at this stage is an
answer to the question, “What is happening to me?” The
underlying process is of less concern in the first instance
than is the explanation of the immediate clinical events.
A direct explanation of symptoms, and what will be done
to relieve them, will achieve the most reassurance.

After the definitive diagnosis is established

THE PARENTS’ NEEDS

There is a need to clarify and expand the common vocab-
ulary in addition to providing specific information about
this particular child and disease. Information groupings
include:

• The nature, biology, and behavior of brain tumors in
general and the child’s tumor in detail: concepts of
benign and malignant as they apply to brain tumors
need clarification. Explanation of low-grade tumors
that produce lethal effects by compression may be
appropriate. A basic explanation of what cells are,
and concepts of normal and disordered cell growth,
will be understood by most parents and will allow a
grasp of the biology that will determine therapy. The
name and nature of the tumor must be specified
clearly, in part to ensure that the search for
information from the Internet targets the appropriate
information. Differences between adult and pediatric
tumors with the same name are important in this
regard, most notably with regard to astrocytomas.
When a specific diagnosis has been dependent on a
particular molecular or immunophenotypic
characteristic, then it is valuable to identify that
characteristic. Where appropriate, the concepts of
metastasis and cerebrospinal pathway axis spread
need explanation, and the staging findings and their
implications in this patient need to be made clear.
Questions of causation merit particular attention.
Most parents will ask about causation; while the
question is in part a straightforward request for

information, there is also an implicit question – what
did I do, or not do, to cause my child’s cancer? It is
important to address both components of the
question. Where there are known associations, e.g.
heritable conditions, careful explanation in a manner
that avoids assumption of blame is appropriate. The
other component addresses direct parental culpability,
and articulating that neither anything done by the
parents, nor anything not done by them, has any role
in causation may answer the implicit question.

• Neuroanatomy and its implications: an understanding
of the organization of brain structures is important.
A grasp of structure–function relationships will
allow better comprehension of the functional impact
of the tumor and of the surgical and radiotherapy
interventions. A basic explanation of where it was
anatomically, and what the functional role of this
part of the brain is, will allow an honest explanation
of the nature of the resulting functional disability
from the tumor or its treatment. The timing for this
explanation will vary from family to family. A balance
must be struck between giving honest predictions of
disability and capacity for recovery, whilst maintaining
a mood of optimism and hope. It is our experience
that removal of hope is the single most devastating
experience for families from which they sometimes
never recover. The possible extent of the disability
should not be understated, but reasonable optimism
and hope should be both permitted and encouraged.

• Therapeutic interventions: treatment protocols that
specify the overall aims of therapy, the program of
investigation, and treatment events are often given to
the parents. In general, their use by the team ensures
shared understanding. However, in this discussion, a
balance must be struck between casting the protocol
as absolute, instilling the fear that any deviation is
detrimental (a fear often triggered if therapy is
delayed for complications) and framing it too casually
as a general guide that can be changed arbitrarily.

• Clinical trials: clinical trials, as distinct from
protocols, require careful explanation, since parents
are encountering, probably for the first time,
concepts of standard therapy, experimental arms,
and randomization. Description of the process by
which clinical trials are developed and monitored for
safety may be reassuring. When approaching a newly
diagnosed child and family for consent to participate
in a clinical trial, the guidelines for obtaining
informed consent laid out in the Helsinki Declaration
must be followed. These include the obligation of the
investigator/clinician to inform potential participants
in a clinical research study of the aims, methods,
sources of funding, possible conflicts of interest,
institutional affiliations of the researcher, the
anticipated benefits and potential risks of the study,
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and the discomfort it may entail. For legally
incompetent minors, the legally authorized
representative or guardian must consent; where the
child is competent, assent should be obtained from
the child in accordance with national guidelines.
Where a trial is not currently open, then the standard
therapy should be the best, currently available
therapy based on established evidence. Surgical
intervention will probably already have occurred by
the time of definitive diagnosis. The limitations of
surgery and the potential for future second-look
procedures, where appropriate, merit explanation.
Explanations of radiation and chemotherapies must
be undertaken if they are to be applied. The depth
with which each is approached may be modified
according to the sequence within the protocol.

• Radiation therapy: radiation therapy is a complex
and unfamiliar idea to most parents. The explanation
needs to address a variety of technical and clinical
issues in order to allay anxieties. It should include a
description of the roles of staff involved in radiation
delivery, the principles of high-energy directed
beams, the machinery that produces them, and the
systems used to ensure safety and accuracy (see
Chapter 10). The processes of planning, simulation,
and mould-creation should be described, and the
number and frequency of individual fractions should
be explained. The short- and long-term effects of
radiotherapy on the tumor and the brain demand
extensive discussion. Accurate description and
methods of management of short-term toxicities will
encourage parental participation in care. More
difficult is an explanation of long-term neurotoxic,
endocrine, and cosmetic consequences. This needs to
be accurate but not overwhelming. Much skill and
understanding is required to frame the cost–benefit
ratio of its use; not all families will accept the
justification, and discussions can be prolonged.

• Chemotherapy: principles underlying chemotherapy,
mechanisms of action of various chemotherapeutic
agents, the rationale for combination chemotherapy,
and specific details of administration (including
route and frequency) of the particular drugs involved
must be described, including short-term and 
long-term toxicities. Other members of the
multiprofessional team can assist, e.g. specialist
nurses and clinical pharmacists support in-depth
teaching of these principles in many centers, with
evidence of effectiveness.6 The initial description of
the intended chemotherapy should come from the
oncologist taking responsibility for the decision. The
longer-term toxicities of some of the agents used may
be of concern to parents, and a balanced discussion of
major long-term effects, such as hearing loss,
infertility, and second malignant neoplasms in the

context of the contribution to survival, is necessary.
Framing the balance between the risk of such adverse
events offset against the proven benefits is key to
parental perspective and understanding.

• Family organization: the diagnosis and therapy of a
brain or spinal cord tumor predictably creates chaos
in the lives of the parents involved. In addition to a
functional understanding of the major components
of therapy and of expectation of treatment outcomes,
sharing information at the onset of the process
should convey a sense of the major adaptations that
will be necessary in the family’s lifestyle. When
communicated adequately, the information will allow
families to plan the next period of their life and to
draw on resources available to them.

• Potential outcomes: the prospect for survival is the
foremost issue for parents initially. Probabilistic
estimates are commonly used, but the uncertainty of
prognosticating for any given patient should be
emphasized. To endure the intensity of therapy that
will ensue, most parents need to hear an estimate of
survival probability and to incorporate that estimate
within a belief that their particular child is likely to
be in the group of survivors. Most parents need
information about two other dimensions of outcome:
the likelihood of disability and the long-term effects of
therapy. Some parents need to have this information
at the outset, but others prefer to deal with it later.
One approach is to table these two outcomes at the
beginning and then to follow the parents’ lead as to
the extent to which they wish to discuss long-term
outcomes when survival is the principal issue. Where
long-term outcomes of a particular treatment are so
poor that they dictate the rejection of therapy, as was
seen with craniospinal irradiation in young infants,
this should be explained.

THE CHILD’S NEEDS

A simple, truthful, articulate, age-adjusted statement of
the diagnosis begins the dialog effectively. The terms that
will be encountered over the course of treatment should
be explained.

There is value in diagrammatic, visual, and verbal
descriptive explanations of tumors, cancer, chemother-
apy, and the process of radiation therapy. The purpose is
to provide information in an age-adjusted manner and
to explain the frightening components of treatment that
the child will have to endure. The acute side effects of
treatment must be laid out in a manner that allows the
child to understand and incorporate them into their life.
It is possible to explain all of this without unduly scaring
the child. Too much information may be overwhelming,
and the child may do better with information that will
allow him or her to deal effectively with the next step,
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rather than grappling with the multiple steps involved in
the overall care.

The process of explaining both the disease and the treat-
ment may be aided significantly when dealing with
younger children by involving expertise in the use of thera-
peutic play (see Chapter 10). Child life specialists or equiv-
alent experts are often able to convey non-verbally some of
the information that might not be appreciated properly by
a preverbal or young child when conveyed in words.
Engagement in active play simulating some of the medical
interventions that will occur often provides a safe context
for transmitting information in this age group, which can
translate into enhanced confidence and cooperation.

Preadolescent and adolescent children in particular
may ask about prognosis. Most often, this is framed as a
very direct question: am I going to die? For most chil-
dren, the honest answer – without treatment you would
die, but the treatment you will receive will hopefully stop
that from happening – is reassuring. Honesty remains
key, and although no absolute assurances should be
given, a confident and assured reply to this question is
usually enough to calm fears and stimulate trust and
confidence.

During therapy

THE PARENTS’ NEEDS

The duration of therapy is protracted in most central
nervous system (CNS) tumors, and parental exhaustion
and frustration are frequent. Periodic review of the
child’s status and course is helpful. The advanced prac-
tice nurse has a pre-eminent role to play in this process.
Before each course of therapy, review of the drugs and
the duration of treatment enables parents to review their
planning and arrangements. Status reports and evaluation
of response, clinical and radiologic, at strategic intervals
provide the opportunity to identify concerns, to discuss
information obtained from other sources, and to permit
open discussion of complementary and alternative meth-
ods of treatment that may be in use (see Chapter 25).

The impact of delays in delivery treatment according
to protocol therapy may concern parents, and it is
important to discuss the inevitability of some delay, e.g.
infections, and the fact that the next phase of treatment
cannot start until the complications of the previous
phase are settled. Furthermore, identifying the apparent
lack of adverse impact on outcome is helpful.

At the outset of treatment on protocol, a commitment
is made, and stated explicitly in informed consents, to
updating parents on developments in the context of the
response of the child’s tumor and in the execution of the
clinical trial. While new developments that are directly rel-
evant may not occur, parents often read accounts of “break-
throughs” in the press; it is important for the treating

team to be aware of these reports and to address them,
either on request or, if important enough, pre-emptively.

THE CHILD’S NEEDS

For the majority of children, the focus during therapy is
the therapy itself rather than the disease. All relevant
information addressing each portion of therapy must be
provided before the treatment. What will hurt or cause
discomfort, and what will be done to alleviate that dis-
comfort, should be laid out. Reminders of how effectively
the symptom was controlled the last time it occurred are
often reassuring. All anxiety cannot be forestalled, but a
child informed of what they must deal with, and assisted
to do so by such allied professionals as child life specialists,
is more likely to tolerate interventions with less anxiety.

At the end of therapy

THE PARENTS’ NEEDS

The end of therapy is both a time of elation and a very
difficult time for families. Parents and children are facing
the difficult task of balancing anxiety and hope. There is a
transition from close and regular contact with the treating
team to more irregular contact, and the withdrawal of
therapy that has come to be perceived as crucial in main-
taining remission. Families feel vulnerable, and the pro-
vision of factual information has the potential to ease
this task substantially.

Formal review of factual information can be helpful.
Summary of the treatment that has occurred, an expla-
nation of the schedule for follow-up visits, imaging, and
other monitoring studies, and reiteration of why contin-
uing therapy offers no benefit can be helpful. Realistic
appraisal of the likelihood of continued disease control is
valuable and can be couched optimistically. Careful, sensi-
tive instruction regarding the clinical signs and symptoms
of recurrence, and reassurance that the normal complaints
of childhood will occur and do not indicate recurrence,
are important.

Questions about treatment options in the event of
recurrence often arise at this juncture. The acknowledg-
ment that options exist, if realistic, can be helpful, but in-
depth discussion of those options and their likelihood of
success is not.

THE CHILD’S NEEDS

For the younger child, the end of therapy is less stressful
than for the parents. For preadolescents and adolescents,
anxiety around discontinuation of therapy may be simi-
lar to that experienced by the parents. Similar reassur-
ance about normal physical symptoms and their lack of
sinister significance is especially important in this age
group. The ongoing follow-up and monitoring schedule,



and the plans for rehabilitation where appropriate, will
maintain the sense of connection, and a realistic assess-
ment of the child’s potential and limitations, focusing on
abilities rather than limitations, is important in orienting
the child to a future. Connecting children to support
groups may be of particular benefit at this time.

INFORMATION ADDRESSING THE LATE
EFFECTS OF TREATMENT

As the active phase of treatment recedes, the anxiety
around relapse may diminish and be replaced by concern
about the late effects of treatment and the disease. While
attempts will have been made to address some of these
issues during the active phase of treatment, the focus
during that time is directed most appropriately at treat-
ment and survival. The late effects move into focus more
dominantly when it appears that survival is likely. Many
tertiary-care centers are developing late-effects or after-
care clinics that monitor routinely for known late effects.
Involvement of the parents and the child in monitoring
for late effects and in addressing them requires that appro-
priate information about them be provided. Information
might encompass growth failure as a result of irradia-
tion, hypothyroidism, neurocognitive dysfunction, and
chemotherapy consequences such as hearing loss, infer-
tility, and second primary malignancy (see Chapter 24).
Parental awareness of these late outcomes, in conjunction
with organized programs to address them, may amelio-
rate their impact. Early intervention with regard to neu-
rocognitive delay is imperative and is part of a continuum
between active treatment and the after-care setting. If
appropriate information is provided to parents and via
them to educators, then the educational consequences
may be mitigated. For patients in whom significant neu-
rocognitive dysfunction becomes a reality, information
about vocational opportunities, and the availability of
vocational assessment and training programs, is likely to
result in the most productive outcomes for the survivors
of childhood brain tumors.

At relapse

THE PARENTS’ NEEDS

Independent of the prospect of a second remission, relapse
is described as more devastating than the original diag-
nosis. The optimism most parents find at initial diagno-
sis is replaced by the reality that despite all that has been
endured, the tumor has recurred. The vocabulary and
issues are no longer mysterious, parents are knowledgeable,
and the communications by the treatment team must
acknowledge this altered parental state.

The precise nature of the relapse must be defined for
the parent. The implications of the relapse, whether it is
local or distant, and the overall neurologic and general
status of the child will be factors that will bear on the
subsequent parental decision-making.

The recognition of relapse imposes a speed of decision-
making that may pre-empt thoughtful consideration of
the goals of subsequent therapy by parents and may there-
fore influence the choices they make. These goals must be
clarified by provision of realistic information about poten-
tial outcomes and the implications of continuation of ther-
apy after relapse that are likely to be non-curable.7,8

Available protocols for relapse are usually phase I or II
studies (see Chapter 8). Where potential exists for cure or
substantial prolongation of life, this should be defined
clearly and realistically. Where the probability is for short-
term prolongation of life, then that too should be defined
clearly, as should the potential toxicity. Where a phase I
study is the primary option, then the intent of phase I
studies must be defined clearly. Parents may choose to
enter their child into such a study out of the faint hope of
cure or significant prolongation of life, or out of altruism,
but they can do so knowledgeably only if the pertinent
information has been presented unambiguously. The
advent of agents that are targeted molecularly may alter
the concept of phase I studies in a way that focuses on
optimal dose to achieve biologic effect rather than on max-
imally tolerated dose, and may alter the decision-making
process for parents.

Relapse is often a time when parents seek second
opinions, which may be valuable to parents and treating
physicians. It is preferable for the treating physician to
request the second opinion and to provide all relevant
information. Where parents choose to seek their own
second opinion, the treating physician should provide
the same information to assure that the individual pro-
viding a second opinion does not do so on incomplete or
inaccurate information. Physicians asked to provide a
second opinion should communicate with the treating
physician directly to ensure that they have all the appropri-
ate information, and to ensure that their recommendations
are conveyed accurately. The initial treating team has an
ongoing relationship with the family and has an obligation
both to consider second opinions and to advise on their
assessment of the applicability of the advice of the second
opinion.

THE CHILD’S NEEDS

The burden imposed by relapse may be felt as intensely
by the child as by the parents, particularly by the older
child who has better appreciation of the implications.
The difficulty of providing appropriate information at
this time is complicated by the need to respect parental
wishes. For the older child, however, full disclosure, in
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terms that are understandable, is necessary. If it is possible
to convey the information in a way that allows congru-
ence between the parents’ and the child’s understanding,
then identifying the goals of therapy after relapse will be
easier. Optimally, decisions affecting older children and
adolescents will be made together by parents and child,
with the input and advice of the treating team. In the
event of dissent between parents and a competent child,
the treatment team is placed in a very difficult situation.
Under these circumstances, it is crucial to ensure that all
parties have accurate information and that the advice
resulting from second opinions, if sought, is provided to
both the child and the parents.

INFORMATION ADDRESSING SUPPORT 
AND COPING, AND OTHER SOURCES OF
INFORMATION

In early and ongoing phases of management, the need for
practical assistance in maintaining home functions and
financial viability, and for strategies to enable coping with
the burden of illness, are addressed by hospital-based social
workers or equivalent professionals. Counseling, provi-
sion of resource material, referral to community agencies,
and provision of information concerning available prac-
tical support from government agencies, formal volun-
teer organizations such as cancer societies, and other
support groups will usually be provided. Psychological
services on an individual or family basis may be provided,
and hospital-based support groups often exist. In skilled
hands, these group settings may provide invaluable assis-
tance. Some limited literature suggests that group inter-
ventions such as sibling support groups and parent
support groups may have substantial benefit.9,10

One of the roles of the extended treatment team is to
guide families to sources of information, support, and assis-
tance in dealing with the burden of the illness. Resources
from within the hospital or community treating team are
invaluable, but they necessarily view illness through an
institutional lens. The experiences of individuals who
have traversed a similar path, or of an objective group not
involved with direct care of the particular child, will add
to the richness of supportive resources and expand the
range of sources substantially.

Resource books

A substantial proportion of parents will prefer to have hard
copy to refer to. Many excellent resource books, some
oriented to childhood cancer in general, and some to child-
hood brain and spinal cord tumors, are available.7,11–14

Some resource books are best used in conjunction with
the Web or with other aids.

The Internet

The Internet has become the fastest adopted means of elec-
tronic communication in history, outpacing the adoption
of the telegraph, telephone, television, and video. The
estimated global audience for 2002 was 500 million users,
with the fastest-growing community now being the Asian
continent after a slowdown in growth after saturation
(�50 per cent population access) in Europe and North
America.15 However, these developed countries are now
experiencing acceleration in upgrading to high-speed
(broadband) Internet connection.

CANCER INFORMATION ON THE INTERNET

Inevitably, health information has been distributed on the
Internet. Its growth has been unplanned and unregulated,
which has raised concerns for both patients and health-
care professionals.16 Exceptions to this uncontrolled devel-
opment have been the CancerNet,17 Oncolink,18 and
National Cancer Institute (NCI) websites, which have pro-
vided the standard for oncology information. Currently,
there are very few data on Internet usage in the area of
pediatric oncology; most data come from adult studies.19

A Canadian survey questioned both adult cancer patients
and their oncologists about health information and the
Internet:20 86 per cent of 191 patients surveyed wanted 
as much information as possible, 54 per cent reported
receiving insufficient information from their healthcare
team, and 50 per cent had used the Internet to search for
cancer information, with the majority stating a positive
experience. In contrast, 70 per cent of the 420 oncologists
reported paying some attention to cancer-related infor-
mation in the media and on the Internet as a whole, and
the majority (85 per cent) felt that the information was
only sometimes or rarely accurate. This difference in opin-
ion between healthcare professionals and their patients
about the quality of information has been reported in
other studies and is now a topic of some debate about how
to ensure quality health information on the Internet.21

INFORMATION QUALITY ON THE INTERNET

Suggested mechanisms for regulating consumer health
information include codes of conduct (e.g. the American
Medical Association22), self-applied quality labels (e.g.
Hi-Ethics code), quality filters (e.g. OMNI gateway23),
third-party quality rating (e.g. MedCERTAIN accredita-
tion24), and user scoring systems (e.g. the DISCERN rat-
ing tool25). A number of studies in oncology have looked
at the quality of cancer website information in specific
cancers. One group concluded that information in Ewing
sarcoma was inaccurate in only six per cent of websites,
but the quality of content was of concern in many sites
evaluated.26 Another group looked at melanoma websites;
they found an inaccuracy rate of 14 per cent and again a
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lack of basic information/quality in a significant number
of sites.27 Interestingly, a study looking at breast cancer
sites found that popularity with health consumers was
related not to quality but rather to type of site.28

INTERNET INFORMATION PROJECT: CHILDHOOD 
BRAIN TUMORS

We have preliminary pilot data on rating the quality 
of Internet health information in childhood medul-
loblastoma and ependymoma.29 We used the validated 
DISCERN rating tool, which has been developed by
Oxford University, the National Health Service (NHS)
executive, and the British Library to assist health con-
sumers in judging the quality of health information.30 We
also looked at content for 13 headings (e.g. “treatment,”
“staging,”“prognosis,” etc.). We searched the Internet using
the simple terms “medulloblastoma” and “ependymoma”
in the top six US search engines and evaluated the top 
30 links in each condition for each of the six searches.
Many links (�60 per cent) were duplicates of each other. If
a site gave general information on the topic, then it was eval-
uated independently by two pediatric oncologists. There
was excellent agreement between the observers (DISCERN
kappa score 0.82, content kappa score 0.92). The sites were
categorized into five groups (excellent to very poor) based
on content and the score generated by the DISCERN tool.
Half the sites were academic in origin, 13 per cent were
charity-based, 12 per cent were hospital sites, and the rest
comprised commercial, support group, or personal pages.
We found a median inaccuracy rate of eight per cent and a
median 53 per cent inclusion rate for basic cancer content
(i.e. diagnostic process, treatment, etc.). No site was catego-
rized as excellent, eight per cent were good, 23 per cent were
fair, 57 per cent were poor, and 12 per cent were very poor.
There was no correlation with type of site (i.e. some good
commercial/support group sites and some poor academic/
hospital sites existed, and vice versa). The main failings
were omission of basic information and lack of referencing
or identification of authors, date of production of material,
and other sourcing deficiencies. Although not evaluated
formally, poor Web design, lack of child-appropriate infor-
mation, and absence of multilingual sites were noted.
Another concern was that several well-known, good-quality
cancer websites were not found by our simple Internet
search, and this needs to be considered in advising patients/
families on Internet search strategies.31

Future studies will expand the rating exercise to other
pediatric brain tumors and compare the ability of par-
ents in rating sites with that of health care professionals.
In addition, a comprehensive Internet survey of usage in
pediatric oncology will be completed. The role of rat-
ing/regulation is much debated, and an excellent com-
prehensive review in a theme issue of the British Medical
Journal can be consulted for further information.32

INTERNET INFORMATION PROJECT: ADULT CANCER

Some innovative projects have aimed to use an Internet-
based system to assist patients with cancer and to evaluate
these as interventions in randomized controlled trials.
The University of Wisconsin developed a project called
the Comprehensive Health Enhancement Support System
(CHESS), which provides not only evidence-based health
information (text, graphics, audio and video clips) but
also online support groups, ask-an-expert message boards,
personal health record journals, and assisted decision-
making tools.33 In a population of breast cancer patients,
several randomized controlled trials have identified better
social support, greater information competence, greater
participation in care, and, interestingly, shorter and more
organized out-patient clinic attendance for those women
using the system compared with a control group not using
CHESS.34,35 Online support groups (message boards/chat
rooms/list serves) are a popular and widely used area of
Internet communication; if incorporated into part of a
health team community project, they may well assist in
positive ways in providing emotional and practical sup-
port for individuals and families.36,37

FUTURE DIRECTIONS

A new academic subspeciality has emerged, variously
termed e- (electronic), i- (Internet), or tele-health. It aims
to look at how modern electronic communication can help
in all aspects of healthcare.38,39 This currently includes
provision of health information, communication/time
management (email use), use of videoconferencing for
consultations, and Web-based remote data entry for mul-
ticenter clinical trials. In the future, it may include online
electronic health records, remote tele-pathology, online
central radiological review, and even remote real-time
robotic surgery.

CONCLUSIONS

The great strength of the Internet is its potential weakness,
i.e. the ability to easily produce and disseminate informa-
tion and to make this available to a global audience. We
need to evaluate scientifically the usage pattern, the quality
and ratings of sites, and the capabilities of our patients and
families before rushing to censor the Internet (an unrealis-
tic option). Only by doing this can we, as healthcare pro-
fessionals, provide our patients and families with the
quality of information they deserve. Rather than focus our
concerns on possibly inaccurate and misleading informa-
tion on the Internet, we would serve our population better
by providing them with evidence-based, understandable,
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Table 28.1 Childhood brain and spinal-cord tumors: Web-based resources for patients and their families

Description Website

General brain tumor sites
National Cancer Institute (NCI) www.cancer.gov/cancer_information/cancer_type/brain_tumor
American Brain Tumor Association www.abta.org
Childhood Brain Tumor Foundation www.childhoodbraintumor.org
Pediatric Brain Tumor Foundation of the USA www.pbtfus.org
National Brain Tumor Foundation www.braintumor.org
Brain Tumor Foundation of Canada www.btfc.org/
The Brain Tumor Society www.tbts.org
The Central Brain Tumor Registry of the USA www.cbtrus.org
ASCO – People Living with Cancer www.plwc.org/plwc/MainConstructor/1,47544,_12|

001816|00_21|008|00_04|0060|00_17|001029,00.html
CancerBACUP (in association with UKCCSG) www.cancerbacup.org.uk/info/child-brain.htm

Hospital sites
St Jude Children’s Research Hospital www.stjude.org/diseasestudies/brain.html
Royal Marsden Hospital www.royalmarsden.org/clinicalservices/clinicalunits/

paediatric/paediatric.asp
Children’s Hospital, Boston http://web1.tch.harvard.edu/cfapps/CHprogDisplay.cfm?

Dept � Neurology&Prog � Brain%20Tumor%20Program
The Children’s Hospital of Philadelphia www.chop.edu/consumer/your_child/

condition_section_index.jsp?id � -8682
Children’s Brain Tumour Research Centre www.nottingham.ac.uk/�pdzmgh/cbtrc/

Specific CNS tumor sites
Acoustic neuromas
Acoustic Neuroma Association http://anausa.org
ANA listserv http://groups.yahoo.com/group/AcousticNeuroma_Awareness

Astrocytoma
eMedicine – astrocytoma page www.emedicine.com/ped/topic154.htm
NCI – cerebellar astrocytoma www.cancer.gov/cancer_information/doc_pdq.aspx?version �

patient&viewid � 8cf09a72-e55d-4ad2-b3d5-8bcc8b57dbaa
NCI – cerebral astrocytoma www.cancer.gov/cancer_information/doc_pdq.aspx?version �

patient&viewid � e8fba67f-e7b7-45b5-bc13-814cb10588c8
Astrocytoma listserv http://groups.yahoo.com/group/astrocytoma

Brainstem tumor
eMedicine – brainstem tumors www.emedicine.com/NEURO/topic40.htm
Childhood Brain Tumor Foundation www.childhoodbraintumor.org/brain.htm
NCI – brainstem tumors www.cancer.gov/cancer_information/doc_pdq.aspx?viewid �

E25F1930-600E-4016-A261-4ED3EC8BB01D
Brainstem listserv http://groups.yahoo.com/group/brainstem-glioma

Ependymoma
eMedicine – ependymoma 1 www.emedicine.com/ped/topic693.htm
eMedicine – ependymoma 2 www.emedicine.com/med/topic700.htm
NCI - ependymoma www.cancer.gov/cancer_information/doc_pdq.aspx?version �

patient&viewid � bdf371b6-bc60-43e3-95ac-4cbb4002c1f6
Ependyparents listserv www.braintrust.org/services/support/othergroups/

index.html#ependyparents

Medulloblastoma/PNET
eMedicine – medulloblastoma 1 www.emedicine.com/neuro/topic624.htm
eMedicine – medulloblastoma 2 www.emedicine.com/ped/topic1396.htm
NCI medulloblastoma www.cancer.gov/cancer_information/doc_pdq.aspx?version �

patient&viewid � 09f49586-80cf-4610-a4d5-64ed410d3565
Supratentorial PNET www.nci.nih.gov/cancer_information/doc_pdq.aspx?version �

patient&viewid � c974f5fd-f977-4b80-85fa-474c96cea157
Childhood Brain Tumor Foundation www.childhoodbraintumor.org/med.html
Medulloblastoma listserv http://groups.yahoo.com/group/Medulloblastoma/

(continued )

www.cancer.gov/cancer_information/cancer_type/brain_tumor
www.abta.org
www.childhoodbraintumor.org
www.pbtfus.org
www.braintumor.org
www.btfc.org/
www.tbts.org
www.cbtrus.org
www.plwc.org/plwc/MainConstructor/1,47544,_12|001816|00_21|008|00_04|0060|00_17|001029,00.html
www.plwc.org/plwc/MainConstructor/1,47544,_12|001816|00_21|008|00_04|0060|00_17|001029,00.html
www.cancerbacup.org.uk/info/child-brain.htm
www.stjude.org/diseasestudies/brain.html
www.royalmarsden.org/clinicalservices/clinicalunits/paediatric/paediatric.asp
www.royalmarsden.org/clinicalservices/clinicalunits/paediatric/paediatric.asp
http://web1.tch.harvard.edu/cfapps/CHprogDisplay.cfm?
www.chop.edu/consumer/your_child/condition_section_index.jsp?id=-8682
www.chop.edu/consumer/your_child/condition_section_index.jsp?id=-8682
www.nottingham.ac.uk/~pdzmgh/cbtrc/
http://anausa.org
www.emedicine.com/ped/topic154.htm
http://groups.yahoo.com/group/AcousticNeuroma_Awareness
www.cancer.gov/cancer_information/doc_pdq.aspx?version=patient&viewid=8cf09a72-e55d-4ad2-b3d5-8bcc8b57dbaa
www.cancer.gov/cancer_information/doc_pdq.aspx?version=patient&viewid=8cf09a72-e55d-4ad2-b3d5-8bcc8b57dbaa
www.cancer.gov/cancer_information/doc_pdq.aspx?version=patient&viewid=e8fba67f-e7b7-45b5-bc13-814cb10588c8
www.cancer.gov/cancer_information/doc_pdq.aspx?version=patient&viewid=e8fba67f-e7b7-45b5-bc13-814cb10588c8
http://groups.yahoo.com/group/astrocytoma
www.emedicine.com/NEURO/topic40.htm
www.childhoodbraintumor.org/brain.htm
www.cancer.gov/cancer_information/doc_pdq.aspx?viewid=E25F1930-600E-4016-A261-4ED3EC8BB01D
www.cancer.gov/cancer_information/doc_pdq.aspx?viewid=E25F1930-600E-4016-A261-4ED3EC8BB01D
http://groups.yahoo.com/group/brainstem-glioma
www.emedicine.com/ped/topic693.htm
www.emedicine.com/med/topic700.htm
www.cancer.gov/cancer_information/doc_pdq.aspx?version=patient&viewid=bdf371b6-bc60-43e3-95ac-4cbb4002c1f6
www.cancer.gov/cancer_information/doc_pdq.aspx?version=patient&viewid=bdf371b6-bc60-43e3-95ac-4cbb4002c1f6
www.braintrust.org/services/support/othergroups/index.html#ependyparents
www.braintrust.org/services/support/othergroups/index.html#ependyparents
www.emedicine.com/neuro/topic624.htm
www.emedicine.com/ped/topic1396.htm
www.cancer.gov/cancer_information/doc_pdq.aspx?version=patient&viewid=09f49586-80cf-4610-a4d5-64ed410d3565
www.cancer.gov/cancer_information/doc_pdq.aspx?version=patient&viewid=09f49586-80cf-4610-a4d5-64ed410d3565
www.nci.nih.gov/cancer_information/doc_pdq.aspx?version=patient&viewid=c974f5fd-f977-4b80-85fa-474c96cea157
www.nci.nih.gov/cancer_information/doc_pdq.aspx?version=patient&viewid=c974f5fd-f977-4b80-85fa-474c96cea157
www.childhoodbraintumor.org/med.html
http://groups.yahoo.com/group/Medulloblastoma/
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age-appropriate material, and multilingual, engaging, well-
designed sites that are updated regularly and accessed easily
from common search engines. We can then harness the
full potential of the Internet to help our patients and their
families through the tremendous burden that a diagnosis
of a brain or spinal cord tumor imparts.

Table 28.1 lists some useful websites for children/
adolescents and their families with CNS tumors.
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As the last chapter is edited and dispatched to the pub-
lishers, the references are tidied and the images and fig-
ures numbered and located in the text, we realize that this
book has brought together the editors and authors in a
single project linking people, organizations, clinical prac-
tice, science and technology, psychology and education,
methods of communication, nations, languages, cultures,
and continents in the interests of children and their fam-
ilies. These pages have thrown down the gauntlet to the
neuro-oncologists of tomorrow to introduce these ideas
into their health systems, to integrate their growing
knowledge of adjuvant treatments and their toxicities, so
that they effectively complement the operative skills of
the neurosurgeon in the multidisciplinary meeting, the
operating room, and the clinical trials meeting.

CHALLENGES IN PEDIATRIC NEUROSURGERY

The challenges for neurosurgeons over the next few years
will be organizational, technological, and scientific. Over
the past 30 years, it has been an uphill struggle for pedi-
atric neurosurgery to be recognized as a valid subspecialty
within neurosurgery. The neurosurgical establishment
has often been resistant to the concept, for reasons that
may be less than noble. However as the timelines in
Chapter 2 show, there has been progress, and in most
countries with any developed medical services there is
some level of pediatric subspecialization. In France, the
UK, North America, Spain, Japan, Korea, Taiwan, and
South America, there are pediatric neurosurgery groups

that may consider issues such as training and service 
provision as well as scientific aims. In the European Union,
the Union Européenne des Médecins Specialistes (UEMS)
recognized pediatric neurosurgery in 1998, the first neuro-
surgical subspecialty to be given this recognition.

Those embracing the true ethos of pediatric practice
appreciate that pediatric neurosurgical practice is not
just a matter of providing a service for operative technol-
ogy but demands a commitment to the ongoing, inte-
grated care of children and young people, many of whom
will have disabilities and health needs that they will carry
into their lives as adults. Willingness to work in multidis-
ciplinary groups is an essential requisite, and the truly
committed pediatric neurosurgeon of the future will
work within such teams. There is an urgent requirement
to ensure that there is seamless care when the young per-
son moves on to live as an adult. This may best be
addressed by formal arrangements for linking services
for children and adults, as occurs in some other areas,
such as epilepsy and diabetology.

There will be issues around staffing. In adult practice,
it is an accepted requirement that there is a 24-hour serv-
ice for patients with ruptured intracranial aneurysms.
There can be no reason, therefore, why an equivalent
standard of service should not be available for the spe-
cialized management of children presenting as an emer-
gency with a highly specialized tumor problem, such as
an intracranial germ-cell tumor. Similarly, it will be nec-
essary to ensure that children have the same access to
technological advances at the same time as they come on
stream for adults. Too often in the past there has been a
deplorable lag time. This has been a particular problem
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for freestanding children’s hospitals, often because of the
considerable expense involved. We hope that stories of
children being taken across major cities in arms, in taxis,
and out of hours, in order to circumvent adult-centered
funding arrangements, will be images of the past.

These very real staffing and technology issues will
almost certainly need to be addressed by reducing the
number of services to a smaller number of institutions that
can meet all of the requirements all of the time. Whatever
service arrangements are devised, it is axiomatic that they
must be centered on the needs of the young patient rather
than on the ambitions of the doctors.

The pediatric neurosurgeon dealing with children
with central nervous system (CNS) tumors must be
involved in research. It will be important to integrate
robust structures for assessing the value and toxicity of
surgery into clinical trial protocols. The emergence of the
power of complete resection in posterior fossa ependy-
moma, and the morbidity of radical excision in cranio-
pharyngioma, signal this imperative. It will be important
to develop programs for the evaluation of new technol-
ogy at an early stage after its introduction, rather than to
use the new techniques assuming their benefit in chil-
dren. The pediatric neurosurgeon will need to under-
stand the importance of exploring the value of interactions
between therapeutic modalities, as has been so successful
in childhood cancers in other sites. There is a realization
that disease-free remission is not the only aim: strategies
are required to discover ways of minimizing neurologi-
cal, neuropsychological, and neuroendocrine morbidity.
The pediatric neurosurgeon will need to recognize that
they have a special responsibility to play a central role 
in the harvesting of samples for biological studies; this
will require an understanding of the ethical as well as 
the technical issues.

These aims will be realized only through a cohort of
neurosurgeons who are not only collaborators but are
also engaged fully with, and integrated into, the service
and research processes. The nature of the presentation of
many childhood CNS tumors will continue to place the
neurosurgeon who encounters a newly diagnosed case of
childhood CNS tumor in a unique position to influence
the management that may affect not only outcomes but
also the whole experience of the illness for the child, the
family, and society. This is a heavy responsibility, and one
that cannot be ignored.

TUMOR TYPES AND NEW TREATMENT
STRATEGIES

Although CNS tumors account for approximately 20–25
per cent of malignancies in children, a wide variety occur,
with extremely varied biological behaviour, clinical

manifestations, and outcome. Institutional experience in
the management of most individual tumor types is lim-
ited. Therefore, a pediatric CNS tumor textbook must
include detailed analyses of tumors arising in these indi-
vidual sites, and the histological types. Survival outcome
for individual tumor types ranges widely from excellent
(e.g. intracranial germinoma, cerebellar pilocytic astro-
cytoma) to extremely poor (e.g. atypical teratoid/
rhabdoid tumor, diffuse pontine glioma). These differ-
ences have led to varied priorities for clinical research.

In the past ten to 15 years, a better understanding of
the natural history of low-grade glioma has led to man-
agement strategies based on the appropriate use of sur-
gery, radiotherapy, and chemotherapy, with the aim of
maintenance of the good survival outcome, but with
reduced long-term effects of therapy. As for adults with
high-grade glioma, the outcome for children following
“conventional” treatment with radiotherapy and chemo-
therapy remains poor, and an important priority is the
identification of better chemotherapeutic agents, usually
in up-front “window studies.”

For ependymal tumors, the most important modality
is surgical excision, which should be complete or as near-
complete as possible. A priority is to identify the precise
role of chemotherapy, possibly with the aim of achieving
tumor response to facilitate second-look surgery. Radio-
therapy has an established role, but there is a need to
clarify the optimum dose, fractionation, and volume.

Embryonal tumors are characterized by their radio-
sensitivity, chemosensitivity, and propensity for lepto-
meningeal spread. Current policies for the management
of medulloblastoma are based on series of collaborative
group randomized studies, and further trials need to clarify
the optimum scheduling of radiotherapy and chemo-
therapy as well as the role of altered radiotherapy fraction-
ation and high-dose chemotherapy.

The management of infants poses particular prob-
lems because of the relatively poor outcome combined
with the significantly greater long-term consequences of
therapy. In the late 1980s and early 1990s, infant tumors
were lumped together and treated in generic infant stud-
ies, whereby chemotherapy was used to try to delay or
avoid radiotherapy, with varying success. We are now in a
new era whereby treatment policies for infants are appro-
priate for the histological type but modified for age.

Historically, for craniopharyngioma there have been
few collaborative group studies. However, long-term con-
sequences of therapy may be considerable, and national
and international collaborative studies are needed. Intra-
dural spinal tumors are rare, with a paucity of data 
on which to judge the value of the various therapy
modalities, with generally small series of highly selected
patients treated over a long timescale. It is important to
recognize that the group of brainstem gliomas comprises
a heterogeneous mix of diseases and sites of origin, with
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very different outcomes. Having explored the role of
altered radiotherapy fractionation and “conventional”
chemotherapeutic agents for diffuse pontine glioma, there
is a need to identify effective novel therapies through
research. For rare tumors, we have to make the best of
small case series and case reports. It is important to collate
information in editions such as this in order to provide a
resource for clinicians faced with a child with a rare tumor.

HEALTH SYSTEMS’ RESPONSES TO 
NEW TECHNOLOGIES

In developed countries, the incidence of CNS tumors
seems to be rising. It is not clear why this is the case.
Fortunately, in the same countries the survival rates are
starting to rise as well. Making the diagnosis of children
with these diseases is a challenge for health systems,
requiring high levels of clinical aptitude and skill of indi-
vidual medical and allied professionals, and supported
by a balanced educational approach to undergraduate
and postgraduate trainees, and advice through clinical
protocols and reasonable access to resources for imaging.
The current focus of clinical advances in practice through
translational research within surgery and imaging is pre-
dominantly technology-driven, whether through the
enhancements in anatomical imaging using computer-
ized tomography (CT) or magnetic resonance scanning,
functional imaging with magnetic resonance spectro-
scopy (MRS), or positron-emission tomography (PET).
Linking information from these imaging techniques to
the management of raised intracranial pressure, tumor
debulking or biopsy, and the application of minimally
invasive neurosurgical techniques, such as image-guided
stereotaxy and neuroendoscopy, are clear examples of the
application of technological advances that have revolu-
tionized clinical practice in the past decade. Definition of
the biological nature of tumors is being enhanced by the
application of molecular techniques with increasing
sophistication, microarray chips being the most recent
examples of applied molecular technology. However,
morphological descriptions amplified by antibody and
genetic markers at the microscopic level remains as the
bedrock of diagnostic classification. It is anticipated that
molecular profiles of genetic or physiological informa-
tion, expressed mathematically, will develop and ulti-
mately determine treatment selection and therefore
prognosis for survival as well as quality of survival.

Advances in the delivery of radiotherapy by improve-
ments in focusing beams, enhanced fractionation of
doses, and improved methods for immobilization of the
young child can maximize anti-tumor effects whilst min-
imizing the toxicity to the normal brain. Implementation
of these new, more complex technologies places greater

demands on the multidisciplinary team, and compared
with conventional techniques, higher degrees of accuracy
of planning and delivery are essential. During the past
decade, we have seen the development of radiation oncol-
ogy discipline groups associated with national or inter-
national pediatric oncology organizations such as the
Société Internationale de Oncologie Pédiatrique (SIOP).
These groups provide an important forum for discus-
sion, standard-setting, and education. In North America,
these groups have taken a further step forward, and the
Children’s Oncology Group (COG), Radiation Oncology
Discipline Committee (RODC), has close links with the
Quality Assurance Review Center (QARC), which is
responsible for radiotherapy quality assurance and pro-
tocol development in many pediatric and adult trials.
Radiotherapy quality assurance will have to take on an
increasingly important role as the new technologies such
as conformal radiotherapy and intensity modulated
radiotherapy (IMRT) are implemented more widely.

NEW BIOLOGICAL ERA

We hope that the greater biological understanding of
these tumors will lead to the identification of new targets
for treatment. The story of the Philadelphia chromosome
and chronic myeloid leukemia (CML) has been a triumph
of technology over cancer. We hope to repeat this story in
CNS tumors (see Chapter 2). The early steps have already
been taken by defining some of the common biological
abnormalities within the CNS tumor groups. Hopefully,
this will identify targets that will be vulnerable to manip-
ulation and alter the biological nature of these tumors.

Drug development is progressing at a rapid rate. The
hunt is on for new molecular targets within specific
tumor types. The success of this will inevitably be deter-
mined by understanding the difference in function of
target molecules between tumor and normal brain tis-
sue. Advances in neuro-oncology at a scientific level will
be limited by the rate of advances in understanding the
very complex neurobiological environment. In the brain,
the additional difficulties of delivering existing and new
drugs across the blood–brain barrier, directly into the
brain/tumor bed, or via the cerebrospinal fluid (CSF)
requires special approaches if the new agents are to be
effective in the most resistant tumors.

REHABILITATION

Neurosurgeons are the specialists in neuroscience in the
neuro-oncology multidisciplinary team. They are familiar
with the difficulties of neurological and neurocognitive
rehabilitation in all their patient groups. Their links to
community-based rehabilitation teams must be developed
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strongly as the children acquire neurological disability
not only from surgery but also from the radiotherapy and
chemotherapy approaches that attempt to eradicate
residual disease.

Rehabilitation is lifelong. Hypothetically, its child-
hood age range is focused on achieving independence by
the end of childhood and adolescence. This is inevitably
a lengthy process requiring considerable commitment
from people beyond the central hospital-based team who
are involved in the diagnosis and initial management.
The key to its success is communication. The communi-
cation must be with the family and child in the first
instance, but it must go beyond them to the team sup-
porting their local community if independence by adult-
hood is to be achieved. Figure 29.1 and Table 29.1
demonstrate the number of professional roles involved in
the care and rehabilitation of a child with a brain tumor.

MEASURING OUTCOMES FOR TRIALS 
AND HEALTH PLANNING

The current research looking at directing gene therapy in
adult gliomas is leading to a greater understanding of
how to overcome the difficulties of drug delivery. We
hope to learn from this so that the drugs directed at new
targets will achieve their true potential. If the tumor is
finally conquered, either by its eradication or its biologi-
cal neutralization, then the key factor for the child and
family is what cost has been paid for this success and
what adaptations to the child’s environment or education
are needed to allow them to take part fully in their subse-
quent life. An essential component of this is the need to

Figure 29.1 The number of professional roles involved in the care and rehabilitation of a child with a brain tumor. The four people in
the foreground represent the child and family, while those standing in the background represent each role in the full hospital- and
community-based multiprofessional team.

Table 29.1 Health professionals involved in the comprehensive
care of children and young people with brain and spinal tumors

Primary and secondary healthcare team
General practitioner
District nurse
Health visitor
School nurse
Educational psychologist
Pediatrician working in hospital and community
Pediatric nursing teams working in hospital and community
Audiometrist
Speech and language therapist
Dietitian
Pediatric radiographers (diagnostic)
Tertiary healthcare team
Pediatric oncologist
Pediatric neurosurgeon
Pediatric radiotherapist supported by radiotherapy team skilled 

in the care of children and young people and their families
Neuropathologist
Neuroradiologist
Pediatric neurosurgical and oncology nursing team
Specialist liaison nurses
Specialized chemotherapy pharmacy support
Specialist play therapist
Specialist rehabilitation team (pediatric physiotherapists and 

occupational therapists)
Specialist social worker
Educational liaison worker
Pediatric endocrinologist
Pediatric neurologist
Pediatric ophthalmologist
Neurophysiologist
Paediatric surgeon
Pediatric surgical specialists in ENT, orthopedics, maxillofacial, 

and plastic surgeries
Child psychiatrist
Clinical psychologist
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establish means that can be used to measure quality of life
within populations and trials cohorts, as it is only by
demonstrating improvements in both of these aspects of
survival for this group that governments can be expected
to allocate scant resources for this group as well as the
many other survivors of chronic illness in childhood.

THE LAST WORD

The editors have enjoyed the process of the collection
and collation of this material with the help of their

friends and colleagues. What started off being inspired by
Belgian beer was supported further by the consumption
of the products of grapes from Italy, grown in Argentina,
and vinified by Tuscan enologists. This demonstrated
our commitment to international biological science at
every level and holds great hope for the expansion of col-
laboration to other parts of the world, where growing
expertise will produce new leaders in this field of pedi-
atric practice.

Pediatric neuro-oncology is an expanding and spe-
cialized field that needed a new book. A better book?
Well, we are already working on it.
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