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Preface

Why is publishing a textbook so important? While people in younger ages
want to keep what they know to themselves, seniors tend to think otherwise.
Seniors want to give out and share their knowledge and experiences accumu-
lated over the decades with others. For experts and senior professionals, just
wanting to do so is not enough. These people with invaluable ideas, knowl-
edge, and experiences have the obligation to pass and share them with others.
Publication of a textbook is one of the means to fulfill this obligation. And
what better ways than a textbook? A textbook can hold knowledge and expe-
riences of many experts and can be passed to anyone who can get a hold of it.

Pancreatic cancer is one of the most dreaded cancers worldwide. Pancreatic
cancer continues to demonstrate dismal outcomes, despite all the efforts
poured in by many competent clinicians and scientists throughout the world.
But we dare say that these efforts were not all in vain, and that we have been
making progresses: slow and not so dramatic but gradual. Therefore, we feel
that it is the right time to put current insights of the pancreatic cancer formed
over decades by many dedicated experts into a textbook. In addition, the case
volume of pancreatic cancer is restricted and this limits the number of pancre-
atic cancer experts globally. This is another very important reason to bring the
experts’ insights together into a single textbook. This will allow the experts’
knowledge and experiences to diffuse to many growing minds. These grow-
ing minds will build upon them and advance our knowledge of pancreatic
cancer, and ultimately stand on high ground in the battle against pancreatic
cancer.

To make a firm foothold for the future pancreatologists, we are very happy
and honored to have world-renowned pancreatic cancer experts of various
fields from all over the world to participate in making this textbook. We are
certain that this textbook contains current guidelines to help understand dif-
ferent aspects of pancreatic cancer, and it will greatly influence many young
and emerging pancreatologists and pancreatic surgeons.

The editors would like to express gratitude to Drs. Ho-Seong Han,
Jin-Young Jang, Manabu Kawai, Mee Joo Kang, and Wooil Kwon for their
tremendous efforts and dedication to make the publication of this textbook
possible.

Seoul, Republic of Korea Sun-Whe Kim
Wakayama, Japan Hiroki Yamaue
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Epidemiology

Young-Joo Won

1.1 Epidemiology of Pancreatic

Cancer

Around 95%of pancreatic tumors are adenocar-
cinomas originating from the exocrine (diges-
tive enzyme-producing) region of the pancreas.
Nearly all of these are ductal adenocarcinomas.
Endocrine tumors of the pancreas also exist,
arising from the islets of Langerhans (which
produce several hormones including insulin);
however, endocrine tumors are rare. The dis-
ease is difficult to diagnose, especially in its
early stages. Most pancreatic tumors arise in
the head of the pancreas, often causing bile
duct obstruction that results in clinically evi-
dent jaundice.

1.1.1 Incidence

Pancreatic cancer is the 12th most common can-
cer worldwide, with around 338,000 new cases
diagnosed with the disease in 2012 (2% of the
total number cases). The overall ASR of pancre-
atic cancer increases with age (Table 1.1). Most
patients are between 60 and 80 years of age.
Pancreatic cancer incidence rates are the highest
in Northern America and lowest in Middle Africa;
however, this partly reflects the varying quality of

Y.-J. Won

Department of Cancer Registration and Statistics,
National Cancer Center, Goyang, Republic of Korea
e-mail: astra67 @ncc.re kr

© Springer-Verlag Berlin Heidelberg 2017

data worldwide [1]. A total of 479,436 new pan-
creatic cancer cases are anticipated in 2025, with
more male (n=254,874) than female (n=224,562)
cancer patients expected (Figs. 1.1 and 1.2).

In the United States of America, pancreatic
cancer is the 2nd most common malignant tumor
of the gastrointestinal tract and the 4th leading
cause of cancer-related death in adults. In Europe,
pancreatic cancer is the 8th most common cancer,
with around 104,000 new cases diagnosed with the
disease in 2012 (3% of the total number of cases).
The highest age-standardized incidence rates for
pancreatic cancer worldwide are in the Czech
Republic for both men and women; the lowest
rates are in Bosnia and Herzegovina for both men
and women. The United Kingdom (UK) pancre-
atic cancer incidence rates are estimated to be the
8th lowest for male patients in Europe and the 20th
highest for female patients [1]. These data are
broadly in line with Europe-specific data available
elsewhere [2].

The highest rates of pancreatic ductal adenocar-
cinoma are recorded among African Americans
(about 12 per 100,000 men and 10 per 100,000
women) and among the indigenous population in
Oceania. The lowest rates (<2 per 100,000 men and
1 per 100,000 women), which may be partly attrib-
utable to underdiagnosis, are recorded in India,
Northern and Central Africa, and Southeast Asia.

S.-W. Kim, H. Yamaue (eds.), Pancreatic Cancer, DOI 10.1007/978-3-662-47181-4_1
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Table 1.1 Estimated pancreatic incidence by age

Total 0-14 | 15-39 | 40-44| 45-49| 50-54 | 55-59 | 60-64 | 65-69 | 70-74 | 75+ | Crude | ASR(W)
Both 337,872 10.0 0.2 1.3 |31 |6.1 104 165 [24.0 |325 |557 |48 4.2

Men 178,161 0.0 0.2 1.6 |39 |75 128 120.1 285 [372 |60.6 |5.0 49
Women | 159,711 0.0 0.2 1.0 24 |47 8.0 132 200 [28.6 |52.4 4.6 3.6
Crude and age-standardized rates per 100,000

Incidence ASR
Male

Pancreatic cancer
7.7+
4.7-77
2.5-47

1525

ognnin

<1.5

No Data

Incidence ASR
Female

Pancreatic cancer
- 52+
mm 3.5-52
mm 2.2-35
1 0.91-2.2
1 <0.91
No Data

Fig. 1.1 (a) Incidence of pancreatic cancer in men. (b) Incidence of pancreatic cancer in women
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World

Pancreas

Estimated number of new cancers (all ages)

ages < 65
ages > =65

123212
214660

49149
110562

74063
104098

ages < 65 96391 63849 160240
ages > =65 158483 160713 319196
Demographic change 76713 64851 141564
ages < 65 22328 14700 37028
ages > =65 54385 50151 104536
GLOBOCAN 2012 (IARC) - 19.2.2016
World
Pancreas
Number of new cancers in 2025 (all ages)
Male 254874
Female 224562
L] L] L] L] L] L) L]
0 50000 100000 150000 200000 250000 300000
 Incidence in 2012 () Demographic effect
World
Pancreas
Number of cancers in 2025 (all ages) - Both sexes
479436

r T T
0 50000 100000

Incidence in 2012 () Demographic effect

Fig. 1.2 Incidence prediction of pancreatic cancer in
2025 (Population forecasts were extracted from the
United Nations, World Population prospects, the 2012

T T T T
150000 200000 250000 300000 350000 400000 450000 500000 550000

GLOBOCAN 2012 (IARC) (19.2.2016)

revision. The numbers were computed using age-specific
rates and corresponding populations for 10 age-groups)
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1.1.2 Mortality

Pancreatic cancer is the 7th most common cause
of cancer death worldwide, with 330,391 deaths
from pancreatic cancer in 2012 (4% of the total
number of deaths).

It is the 5th most common cause of cancer
death in Europe overall, with more than
104,000 deaths from pancreatic cancer in 2012
(6% of the total number of deaths). In Europe

Mortality ASR
Male

Pancreatic cancer
. 74+
mm 4.5-7.4
mm 2.5-45
1 1.4-25
) <1.4
No Data

b Mortality ASR
Female

Pancreatic cancer
mm 51+
mm 3.5-5.1
mm 2.2-3.5
= 0.88-2.2
1 <0.88
No Data

in 2012, the highest age-standardized mortality
rates for pancreatic cancer are in Macedonia
for men and in Slovakia for women; the lowest
rates are in Iceland for men and Belarus for
women. The UK pancreatic cancer mortality
rates are estimated to be the 5th lowest for
males in Europe and 17th lowest for females
[1]. These data are broadly in line with Europe-
specific data available elsewhere [2] (Figs. 1.3
and 1.4, Table 1.2).

Fig.1.3 (a) Mortality of pancreatic cancer in men. (b) Mortality of pancreatic cancer in women
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World
Pancreas
Estimated number of cancer deaths (all ages) | Male | Female | Bothsexes |
fe2012 0 173827 156564 330391
ages < 65 66117 42108 108225
ages > =65 107710 114456 222166
L2025 249979 220815 470794
ages < 65 86427 54994 141421
ages > =65 163552 165821 329373
Demographic change 76152 64251 140403
ages < 65 20310 12886 33196
ages > =65 55842 51365 107207
GLOBOCAN 2012 (IARC) - 19.2.2016
World
Pancreas

Number of cancer deaths in 2025 (all ages)

Male 249979
Female 220815
L Ll L] L] L] L] L
0 50000 100000 150000 200000 250000 300000
* Mortalityin2012 " Demographic effect GLOBOCAN 2012 (IARC) (19.2.2016)
World
Pancreas

Number of cancer deaths in 2025 (all ages) - Both sexes

470794

0 50000 100000 150000 200000 250000 300000 350000 400000 450000 500000 550000

Mortality in 2012 Demographic effect
® d ® arap GLOBOCAN 2012 (IARC) (19.2.2016)

Population forecasts were extracted from the United Nations, World Population prospects, the 2012 revision.
The numbers were computed using age-specific rates and corresponding populations for 10 age-groups.

Fig. 1.4 Mortality prediction of pancreatic cancer in revision. The numbers were computed using age-specific
2025 (Population forecasts were extracted from the rates and corresponding populations for 10 age-groups)
United Nations, World Population prospects, the 2012
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Table 1.2 Estimated pancreatic mortality by age

Total 0-14 | 15-39| 4044 45-49 | 50-54 55-59 | 60-64 | 65-69 | 70-74 | 75+ |Crude | ASR(W)
Both 330,391 0.0 |0.1 1.0 26 53 193 153 |22.8 |322 (604 4.7 4.0
Men 173,827 |00 |02 |12 |32 6.5 |11.6 |189 |273 |37.1 |66.0 |49 4.7
Women | 156,564 0.0 |0.1 0.7 1.9 40 |7.0 11.9 18.8 |28.2 |56.6 4.5 34

Crude and age-standardized rates per 100,000

1.1.3 Survival

It is difficult to perform comparisons of pancreatic
cancer survival between countries due to differ-
ences in methodologies and criteria for including
patients in analyses. Nevertheless, survival rates
following surgical resection for pancreatic cancer
range from 11 to 20 months. The 5-year survival
ranges from 7% to 25% [3]. Patients with unre-
sectable locally advanced disease (stage III) have
a median survival of 6-11 months [4]. Patients
who have metastatic disease have a median sur-
vival of only 2—-6 months [5].

In the USA, there has been a steady increase in
the survival rate for most cancers, whereas very
slow advances have been observed for pancreatic
cancer, for which the 5-year relative survival is cur-
rently 7%. These low rates ensue in part because
more than one-half of cases are diagnosed at a dis-
tant stage for which the 5-year survival is 2%. The
distribution of pancreatic cancer by stage is local-
ized, 9%; regional, 28%; and distant, 53% [6].

In general, patients who can be treated with
surgery tend to live longer than those not treated
with surgery. Information from the National
Cancer Database based on individuals diagnosed
with exocrine pancreatic cancer between 1992
and 1998 shows that the 5-year survival rate for
those with stage TA pancreatic cancer is about
14%. For stage IB cancer, the 5-year survival rate

is about 12%. For stage IIA pancreatic cancer, the
5-year survival rate is about 7%. For stage IIB
cancer, the 5-year survival rate is about 5%. The
5-year survival rate for stage III pancreatic can-
cer is about 3%. Patients with stage IV pancreatic
cancer have a 5-year survival rate of about 1%.

Among men with pancreatic cancer, 22% sur-
vive for at least 1 year, and a previous study on the
age-standardized net survival for patients diag-
nosed with pancreatic cancer during 2010-2011 in
England and Wales predicted that this value may
decrease to 4% for patients surviving for 5 years or
more [7]. Survival rates for women are similar,
with 20% surviving for 1 year or more and 3%
predicted to survive for at least 5 years. Survival
rates of pancreatic cancer patients continue to
decline gradually beyond 5 years after diagnosis.
Just 1% of both men and women are predicted to
survive their disease for 10 years or more, as
shown by age-standardized net survival for
patients diagnosed with pancreatic cancer during
2010-2011 in England and Wales [7].

1.1.4 Risk Factors

An individual’s risk of developing pancreatic
cancer depends on many factors, including age,
genetics, and exposure to risk factors (including
some potentially avoidable lifestyle factors).
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May increase risk
(“limited” or “probable
evidence)

2

Increase risk (“sufficient” or
“convincing” evidence)

May decrease risk
(“limited” or “probable
evidence)

”»

Decreases risk (“sufficient”
or “convincing” evidence)

Alcohol
Thorium-232 and its
decay products
X-radiation

Gamma radiation
Abdominal fatness
Adult-attained height
Red meat

Tobacco, smokeless
Tobacco smoking
Body fatness

Foods containing
folate
Fruits
Physical activity

International Agency for Research on Cancer (IARC) and The World Cancer Research Fund/American Institute for
Cancer Research (WCRF/AICR) classifications. Find out more about IARC and WCRF/AICR classifications

Pancreatic cancer is associated with a number
of risk factors. Smoking is the main risk factor
for pancreatic cancer. Smokeless tobacco also
causes pancreatic cancer. Physical activity, fruits,
and foods containing folate may be associated
with a lower pancreatic cancer risk; however, the
evidence is unclear. Alcohol, red meat, ionizing
radiation, and certain medical conditions and
infections may relate to higher pancreatic cancer
risk; however, the evidence is unclear.

Research from the UK presented that 37% of
pancreatic cancer cases each year are linked to
major lifestyle and other risk factors [8]. Smoking
is the main avoidable risk factor for pancreatic
cancer, linked to an estimated 29% of pancreatic
cancer cases in the UK. An estimated 37% of pan-
creatic cancer cases in the UK are linked to life-
style factors including smoking and overweight
and obesity (12%).
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Molecular Alterations in Pancreatic

Cancer

Toru Furukawa

2.1 Introduction

Cancer has somatically mutated genes that con-
tribute to outdrive cellular proliferation and for-
mation of a tumor. To know what genes are
mutated, DNA sequencing is necessary; however
until recently, only a limited number of genes or
portions of genes could have been analyzed in a
routine laboratory practice because of a limited
ability of DNA sequencing in time and cost.
However, there emerged a game changer, the
next-generation sequencer (NGS), in 2009,
which brought a paradigm shift in a way of
genetic studies of diseases [1]. When the human
genome project was conducted, 1987-2003, the
automated Sanger sequencer was a main tool for
analyzing DNA sequence. While the Sanger
sequencer, still considered to be the most accurate
sequencer, can output ~250 k bases per day, NGS
can output 750G bases/3 days, in which the differ-
ence between them is one million times. The
human genome is consisted of 3G base pairs of
DNA; therefore, the output of NGS corresponds
to 250 times of the human haploid genome.
Despite this enormous output, NGS is an error-
prone sequencer that needs redundant reads, usu-
ally 100 times, to get accurate sequencing.
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Nevertheless, NGS has given a revolutionary
impact on sequencing studies primarily because
it enables to sequence individual human genome
in an affordable cost in a few days in a single
laboratory. Alterations in protein-coding genes
can be analyzed by exome that sequences every
exon of human genes. Exons span 45M bases in
total in the human genome, so that the exome
analysis enables much cost- and time-saving
studies than the whole-genome analysis.
Moreover, base alterations in exomes can be
interpreted directly as nonsynonymous or synon-
ymous mutations, which is much more straight-
forward than interpreting variations in noncoding
regions of the genome. For analysis of somatic
mutations in cancer cells, comparison of sequenc-
ing data between cancer cells and normal cells is
necessary; therefore, careful sampling with dis-
tinguishing between cancer cells and normal
cells is needed.

An exome analysis of the pancreatic cancer
has firstly reported by Jones et al. in 2008 [2].
Although this study was by means of Sanger
sequencing, they analyzed 24 cases of pancreatic
ductal adenocarcinoma (PDA). By NGS, Biankin
et al., a team of international collaboration under
International Cancer Genome Consortium, pub-
lished a result of exome combined with a copy
number variation (CNV) analysis of 142 PDAs in
2012 [3]. Later they published a result of whole-
genome analysis of 100 PDAs in 2015 [4], and a
result of integrated analysis consisted of whole-
genome, CNV, transcriptome, and methylome
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analysis of 456 PDAs in 2016 [5]. There also are
some independent studies published elsewhere
including one by Wang et al. regarding exome
analyses of 15 PDA cell lines in 2012 [6] and the
other by Witkiewicz et al. regarding exome anal-
ysis of 109 PDAs in 2015 [7].

pathway including CTNNBI; those functioning
in transforming growth factor beta (TGFb) path-
way including SMAD3, TGFBRI, TFGBR?2,
ACVRIB, and ACVR2A; and those functioning in
phosphatidylinositol 3-kinase (PI3K) pathway
including PIK3CA and PTEN [4, 5].

2.2  Genetic Alterations in PDAs
Exome analyses of PDAs indicate that one PDA
has approximately 60 nonsynonymous mutations
in average [3, 4]. PDAs with microsatellite insta-
bility that is caused by mismatch repair defi-
ciency have more than 100 mutations/case, often
500 [4]. Spectra of mutations show that C:G>T:A
transition is enriched in PDAs, especially
CpG>TpG mutations are common, which indi-
cates that an aberrant methylation may be a major
cause of the mutations [4]. Smokers usually show
enrichment of C:G>A:T transversion, which is
observed in a fraction of PDAs. On the other
hand, enrichment of C>T transition in TpCpW
site, which is caused by apolipoprotein B mRNA
editing enzyme, catalytic polypeptide-like
(APOBEC), a cytidine deaminase, is not com-
mon in PDAs [4].

Through the exome and CNV analyses, four
commonly altered genes in PDAs, namely, KRAS,
TP53, CDKN2A, and SMAD4, have reemerged
[2—4, 7]. These four genes are altered frequently,
90% of PDAs harbor gain-of-function mutations
in KRAS, 90% harbor mutations or loss of
CDKN2A, 75% harbor TP53 mutations, and 50%
harbor mutations or loss of SMAD4, which has
been well known since the late 1980s; hence,
NGS analyses have reconfirmed alterations of
these “Big 4” genes in PDAs. Next commonly
altered genes are those encoding proteins
involved in chromatin regulation, i.e., KDMO6A,
KMT2C/MLL3,  KMT2D/MLL2,  ARIDIA,
ARID2, and PBRM 1, which are altered in ~25%
of PDAs [4, 5]. Other genes each altered in ~10%
of PDAs are those functioning in DNA repair
system including BRCAI, BRCA2, PALB2, and
ATM; those functioning in RNA processing and/
or splicing including SF3A1, SF3B1, U2AFI,
U2AF2, RBM6, and RBM 10; those functioning in
wingless-type MMTV integration site (Wnt)

2.3  KRAS and the Mitogen-
Activated Protein Kinase

Pathway

KRAS encodes Kirsten rat sarcoma viral onco-
gene homologue (KRAS) that is a small guano-
sine triphosphate (GTP)-binding protein and one
of three members of rat sarcoma viral oncogene
homologues (RAS) [8]. KRAS is mutated in 90%
of PDAs, and mutations are commonly observed
in codon 12, 13, and 61 as missense mutations, in
which G12D and G12V are most common [5, 9].
G12C mutations that are known to be common in
lung cancer and recently shown as a specific
druggable target [10] are not common in PDAs.
RAS plays a central role in controlling of activi-
ties of numerous signal transduction pathways,
most notably of the mitogen-activated protein
kinase (MAPK) pathway. In the RAS-MAPK
pathway, a membrane-bound enzyme-linked
receptor, e.g., the epidermal growth factor recep-
tor or the platelet-derived growth factor receptor,
activated by ligand binding activates a guanine
nucleotide exchanging factor that facilitates
exchanging guanosine diphosphate (GDP) bound
to RAS with GTP, which makes RAS activated.
The GTP-bound RAS activates the MAPK cas-
cade consisted of the mitogen-activated protein
kinase kinase kinase (MAP3K)/V-Raf oncogene
homologue (RAF), the mitogen-activated
protein kinase kinase (MAP2K)/MAP kinase-
ERK kinase (MEK), and the mitogen-activated
protein kinase 1 (MAPKI)/extracellular signal-
regulated kinase (ERK), in which an activated
signal is passed on by sequential phosphorylating
reactions. RAS has an intrinsic hydrolase activity
that turns bound GTP to GDP, which inactivates
itself; however, the mutations in KRAS cause
decreasing of the hydrolase activity and, hence,
protracting activity of itself as well as down-
stream signal transduction pathways. Active
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MAPKI1/ERK translocates into nucleus and acti-
vates transcription factors that induce expression
of effector genes functioning in DNA replication,
RNA maintenance, transcription and translation,
cell cycle and mitosis, transporting, and cell pro-
liferation [11]. Activity of MAPK1/ERK is nega-
tively regulated by dual specificity phosphatases
(DUSPs), most directly by DUSP6 [12]. DUSP6
forms a negative feedback loop with MAPK1/
ERK, i.e., an activation of MAPK1/ERK induces
expression of DUSP6 that inactivates MAPK1/
ERK; therefore, MAPK1/ERK activity is tightly
regulated through this negative feedback loop
[13]. However in some PDAs, expression of
DUSP6 is downregulated mostly by aberrant
methylation; hence, the negative feedback loop
between MAPK1/ERK and DUSP6 is abrogated,
which results in constitutive activation of
MAPKI/ERK and expression of genes impli-
cated in malignant phenotypes of PDAs [14].

BRAF encodes B-Raf proto-oncogene, serine/
threonine kinase that functions as a MAP3K in
MAPK pathway. BRAF' is mutated in some of
PDAs that harbor the wild-type KRAS; therefore,
mutations in BRAF and KRAS are mutually
exclusive in PDAs [15]. Most mutations of
BRAF in human cancers including PDAs are
observed as a V60OE mutation, which turns the
kinase constitutively active [16]. Vemurafenib is
developed to target cancers with the BRAFY6%E
mutation [17].

24 TP53

TP53 encodes p53, a transcription factor involved
in DNA damage response [18]. DNA damage
provoked by irradiation and/or reactive oxygen
species is sensed by and activates the ataxia tel-
angiectasia mutated (ATM), a serine/threonine
protein kinase, that phosphorylates p53. The
phosphorylated p53 dissociates from the mouse
double minute 2 homologue (MDM2), an
E3-ubiquitin ligase, and binds DNA to induce
expression of target genes that have a consensus
binding sequence in their promoters. Most of
these target genes of p53 encode proteins involved
in cell cycle arrest, DNA repair, and apoptosis
including p21, p27, BAX, PUMA, etc., which

plays an important role in determining cells’ fate
whether they survive through DNA repair or die
by apoptosis to avoid accumulation of mutations
caused by DNA damage [19]. Mutations in TP53
are found in 60-75% of PDAs. Mutations in
TP53 are either frameshift mutations or missense
mutations within a DNA-binding domain of p53.
The missense mutation in p53 abrogates DNA-
binding activity, which results in dysfunction of
its transcription-activating activity. These muta-
tions have been thought as loss-of-function muta-
tions, which definitely is the case in frameshift
mutations; however, a recent investigation indi-
cates that missense mutations in p53, at least
some of them, can modulate functions of chro-
matin remodeling proteins and then enhance
transcriptions of certain genes that promote
malignant phenotypes of cancer, which indeed
are gain-of-function mutations [20]. p53 proteins
with missense mutations are refractory to
MDM2-mediated proteasomal destruction and,
therefore, accumulate in the nucleus and appeared
as overexpressed by immunohistochemistry [21].

25 CDKN2A

CDKN2A encodes the cyclin-dependent kinase
inhibitor 2A (CDKN2A)/p16. CDKN2A/p16
plays a role in attenuation of cell cycle progres-
sion from G1 phase to S phase. For progression
of the cell cycle, the cyclin-dependent kinase 4
(CDK4) is activated by binding with cyclin D;
subsequently the activated CDK4 phosphorylates
retinoblastoma protein (RB), and then, the phos-
phorylated RB dissociates from the E2F tran-
scription factor 1 (E2F1), which facilitates
nuclear translocation of E2F1 and expression of
target genes necessary for the cell cycle progres-
sion [22]. CDKN2A inhibits the activation of
CDK4 by hampering its binding to cyclin D and,
therefore, attenuates cell cycle progression.
CDKN2A is mutated and deleted homozygously
in 25% and 10% of PDAs, respectively [4].
Moreover, CDKN2A is epigenetically silenced by
aberrant hypermethylation in 50-60% of PDAs;
hence, CDKN2A is functionally disrupted in
almost all PDAs, which presumably contributes
to uncontrolled cell cycle progression [23].
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26 SMAD4

SMAD4 encodes the Sma and Mad protein homo-
logue 4 (SMAD4). SMAD4 plays a role in signal
transduction of the transforming growth factor 3
(TGFp) pathway. TGFp, a ligand, binds and facil-
itates formation of a heterodimer between TGFf
receptor (TGFBR) type 1 and TGFBR type 2 and,
then, induces phosphorylation of the receptors at
each other. The phosphorylated TGFBR type 1
recruits and phosphorylates the Sma and Mad
protein homologue 2 (SMAD2) or the Sma and
Mad protein homologue 3 (SMAD3). The phos-
phorylated SMAD2/SMAD?3 oligomerizes with
SMAD4, and the SMAD2/SMAD3-SMAD4
oligomer translocates into nucleus and activates
transcription factors, which induces expression
of target genes that harbor TGFp-responsive ele-
ment in their promoters. The target genes include
MMP3 and ADAMI19, which encode matrix
metalloproteinases; ARHGAPS and ARHGAPI0,
which encode Rho-GTPase-activating proteins;
CSNKIAI, DKKI, and FRATI, which encode
proteins associated with Wnt pathway; CASPS
that encodes a caspase; HDACY that encodes a
histone deacetylase; and CAMK2D that encodes
a protein associated with calcium signaling [24].
SMAD4 is mutated and homozygously deleted in
around 20% and 10% of PDAs, respectively [4,
25]. Many of the mutations are nonsense or
frameshift mutations, which indicates that
SMAD4 alterations in PDAs are virtually loss-of-
function alterations. SMAD4 alterations in PDAs
can be detected by immunohistochemistry as
complete loss of its protein product in cancer
cells [21].

2.7 Chromatin Modification

Genes

Chromatin remodeling genes, KDM6A, KMT2C/
MLL3, KMT2D/MLL2, ARIDIA, ARID2, and
PBRM]1, are altered in ~25% of PDAs. KDMO6A/
UTX encodes the lysine-specific demethylase 6A
(KDM6A) that contains a Jumonji C domain and
catalyzes the demethylation of tri-/dimethylated
histone H3 [26]. KMT2C/MLL3 and KMT2D/

MLL?2 encode the lysine-specific histone methyl-
transferase 2C (KMT2C) and the lysine-specific
histone methyltransferase 2D (KMT2D), respec-
tively, which are members of the ASC-2/NCOAG6
complex (ASCOM) that are involved in tran-
scriptional coactivation [27, 28]. Because
KDM6A is associated with KMT2C and
KMT2D, alterations of KDM6A, KMT2C, and
KMT2D are mutually exclusive [S5]. ARIDIA
encodes the AT-rich interactive domain 1A (SWI-
like), a member of the SWI/SNF family, whose
members have helicase and ATPase activities and
are able to restructure the nucleosome to make its
DNA accessible during transcription, replication,
and DNA repair [29]. ARID2 encodes the AT-rich
interactive domain 2/BAF200, an integral com-
ponent of the polybromo-associated BAF (PBAF)
chromatin remodeling complex of the SWI/SNF
family, which facilitates a ligand-dependent tran-
scriptional activation by nuclear receptors [30].
PBRM 1 encodes the polybromo 1/BAF180 that is
another subunit of PBAF complex [31]. ARID2/
BAF200 and PBRMI1/BAF180 are mutually
exclusive in constitution of the PBAF complex,
which contributes to distinct selection of remod-
eled genetic elements [30]. Mutations of these
genes are largely loss-of-function mutations,
which is thought to cause dysfunction of chroma-
tin regulation and aberrant expression of target
genes although detail of dysfunction of these
molecules in PDA is waited to be elucidated [5].

2.8 DNA Repair-Associated

Genes

DNA repair-associated genes including BRCAI,
BRCA2, PALB2, and ATM are altered in ~10% of
PDAs. BRCAI and BRCA?2 encode the breast can-
cer 1 (BRCA1) and the breast cancer 2 (BRCA?2),
respectively, both of which are involved in repair
of a double-strand break of DNA by homologous
recombination. When DNA suffers from a dou-
ble-strand break caused by ionizing radiation and/
or reactive oxygen species, BACAI associates
with a broken end and helps to process the end
being ready for the homologous recombination
[32]. BRCA2 binds a single-strand DNA and
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helps to bring RADS1, a RecA homologue in
eukaryotes, and plays a vital role in strand inva-
sion in the homologous recombination, to damag-
ing sites in DNA for its proper function [33]. ATM
encodes the ataxia telangiectasia mutated (ATM)
that is a kinase and functions in sensing of a DNA
damage. ATM associates with a damaged site and
phosphorylates some proteins including the
checkpoint kinase 1 (CHK1) and the checkpoint
kinase 2 (CHK?2), which eventually results in cell
cycle arrest for DNA repair. PALB2 encodes the
partner and localizer of BRCA2 (PALB2) that, as
this name suggests, is co-expressed with
BRCAZ2 in nuclear foci when cells are irradiated,
which indicates that PALB2 also participats in
DNA repair [34]. Since most of mutations of these
genes are loss-of-function mutations, a proper
repair of DNA cannot be pursued, and, therefore,
secondary mutations accumulate in cells with
mutations of these genes.

29 RNA Processing Genes

Genes encoding RNA processing and/or splicing
factors including SF3AI, SF3BI, UZ2AFI,
U2AF2, RBM6, and RBM 10 are mutated in ~16%
of PDAs [5]. SF3A1, SF3B1, U2AF 1, and U2AF2
encode components of U2AF, a small nuclear
ribonucleoprotein (snRNP) essential for proper
splicing of pre-messenger RNA. Most of muta-
tions in these genes are missense mutations in a
functional domain and are demonstrated to func-
tion as a dominant negative protein that facilitates
immature splicing [35]. RBM6 and RBMI0
encode RNA-binding molecules implicated in
alternative splicing. Mutations of these genes are
mostly loss-of-function mutations, which is dem-
onstrated to be implicated in dysfunction of alter-
native splicing of some key molecules for
oncogenesis like NUMB [36].

2.10 WntPathway Genes

Whnt pathway is an important signaling pathway in
development of multicellular organisms. One of
important mediators in Wnt pathway implicated in

pancreatic cancer is beta catenin. The gene
encoding beta catenin is CTNNBI, which is
mutated in ~10% of PDAs. Beta catenin is a
cadherin-associated protein in the adherence
complex that mediates cell-cell junction. Beta
catenin is also a cytoplasmic protein that can
function as a signal mediator, which is tightly
regulated through formation of a complex with
axin and the adenomatous polyposis coli (APC)
protein. The complex of beta catenin-axin-APC
associates with glycogen synthase kinases that
phosphorylate and render beta catenin for
ubiquitin-proteosomal destruction. Wnt signal-
ing suppresses the complex formation and facil-
itates free beta catenin. The free beta catenin
translocates into the nucleus and functions as a
transcriptional coactivator [37]. Mutations in
CTNNBI cause to generate a protein refractory
to the ubiquitin-mediated destruction, which
results in facilitation of the transcriptional
coactivator activity of beta catenin [38]. By
immunohistochemistry, a mutated beta catenin
is often found as an overexpressed protein in the
nucleus.

2.11 Phosphatidylinositol
3-Kinase (PI3K) Pathway

Genes

Genes encoding molecules implicated in PI3K
pathway including PIK3CA and PTEN are
mutated in ~5% of PDAs. PI3K pathway
plays a fundamental role in cell growth.
Phosphatidylinositol (PI) is a glycerophospho-
lipid molecule sitting in the cell membrane. PI is
phosphorylated by kinases on specific hydroxyl
groups, PI-3, PI-4, and PI-5, and functions as a
signal mediator. PIK3CA encodes the
phosphatidylinositol-4,5-bisphosphate 3-kinase,
catalytic subunit alpha. Mutations in PIK3CA
mostly affect codon 545 or 1047, which causes
upregulation of kinase activity of its protein
product. PTEN encodes the phosphatase and ten-
sin homologue, a phosphatase specific for PI-3.
Mutations in PTEN are mostly frameshift or non-
sense mutations that result in loss of function of
its product.
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2.12 Molecular Mechanism
of Development of PDA

Pancreatic cancer has been hypothesized to
develop from ductal cells, in which normal ductal
cells would give rise to full-brown cancer cells
via gradual dysplastic changes of themselves.
PDA tissues usually have dysplastic ductal
lesions in close vicinity of invasive carcinoma
[39, 40], and studies on these dysplastic lesions
have elucidated that dysplastic cells have varying
grades of atypia, from low-grade to high-grade,
and the high-grade lesions can be found fre-
quently in a pancreatic tissue specimen with inva-
sive cancer while extremely infrequently in that
without invasive cancer [40]. Molecular studies
have uncovered that low-grade dysplastic cells
harbor KRAS mutations and CDKNZ2A inactiva-
tion, while high-grade dysplastic cells have aber-
rations of 7P53 and SMAD4 in addition to the
KRAS mutation and CDKN2A inactivation [21].
These results indicate that molecular aberrations
indeed accumulate along with the progression of
dysplastic grade of ductal cells. Now these dys-
plastic lesions are termed pancreatic intraepithe-
lial neoplasia (PanIN) [41], i.e., PanIN is a
noninvasive proliferative lesion of dysplastic
ductal cells, which develops as a low-grade lesion
and progresses to a high-grade lesion with an
association with molecular alterations. This mul-
tistep hypothesis is known as the progression
model for the pancreatic cancer [42].

The progression model for the pancreatic can-
cer seems to be further endorsed by studies of
genetically engineered mouse models (GEMM)
of pancreatic cancer. GEMM with lox-Stop-lox
(LSL)-Kras®?P and Pdx1-Cre induces the mutant
Kras, Kras®?P, the most common type of mutant
KRAS in human PDAs, in a pancreas-specific
manner during development. This mouse is born
without any abnormality; however, it gradually
develops microscopic proliferative lesions in the
pancreatic duct that closely mimic PanIN and,
eventually, although rarely, invasive ductal carci-
noma in the pancreas in 2 years [43]. Detailed
examinations of this model indicate that PanINs
in early phase are with low-grade dysplasia,
while those in late phase harbor high-grade

dysplasia. GEMM with pancreas-specific expres-
sion of Kras®?P and Trp53%'7?H (mutant p53)
shows facilitation of development of invasive
ductal carcinoma with frequent metastasis, which
indicates that an accumulation of genetic altera-
tions, the mutated Kras and the mutated Trp53 in
this case, accelerates pancreatic cancer develop-
ment [44]. Moreover, GEMM with pancreas-spe-
cific expression of Kras®?P and Trp53%/7# and
complete loss of Smad4 develops a rapidly grow-
ing pancreatic tumor with metastasis and shows
shorter survival than a mouse with Kras®/?? and
Trp53%!72H in which overexpression of Runx3 is
associated with the metastatic phenotype [45].

2.13 Genetic Alterations
in Intraductal Papillary
Mucinous Neoplasms

Intraductal ~ papillary mucinous neoplasms
(IPMNs) are characterized by manifestation of
dilated duct filled with mucin. The dilated duct is
lined with neoplastic cells growing in papillae
with varying grades of atypia [46]. The papillae
show diverse architectural variations termed gas-
tric, intestinal, pancreatobiliary, and oncocytic
subtypes [47]. The atypia ranges from low-grade
to high-grade, which often intermingles with
each other. Occasionally the neoplastic cells
invade into parenchyma, which forms invasive
mucinous colloid carcinoma or invasive ductal
adenocarcinoma [48]. These features of IPMNs
are quite distinctive from PDAs, a conventional
type of pancreatic cancer; however, molecular
alterations specific for [IPMNs had been unknown
until just recently. In 2011, two groups of
researchers independently reported that IPMNs
exclusively harbored somatic mutations in GNAS,
which has uncovered a specific molecular path-
way implicated in IPMNs [49, 50]. Somatic
mutations in GNAS are observed in 50-70% of
IPMNs while, strikingly, none of PDAs exam-
ined. GNAS encodes the guanine nucleotide-
binding protein (G protein) stimulating alpha
subunit (Gsa) that functions as a mediator in the
G protein-coupled receptor (GPCR) pathway.
GDP-bound Gsa forms a heterotrimeric G protein
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complex with B and y subunits in its inactive
state. A ligand binding to GPCR activates the
guanine nucleotide exchanging factor that medi-
ates exchange of GDP with GTP-bound Gsa.
GTP-bound Gsa turns into an active form, dis-
sociates from f and y subunits, and subsequently
associates with and activates adenylyl cyclase.
The adenylyl cyclase mediates production of
cyclic AMP, which leads to activation of the
cyclic AMP-dependent protein kinase (PKA).
PKA translocates into the nucleus and phosphor-
ylates downstream molecules implicated in gene
expression. Gsa has an intrinsic hydrolase activ-
ity that catalyzes the hydrolysis of the bound
GTP to GDP, which inactivates itself. Mutations
in GNAS observed in IPMNs almost always
involve codon 201, which commonly are R201H
or R201C. These mutations abrogate the intrinsic
hydrolase activity, which results in constitutive
activation of Gsa, hence, gain-of-function muta-
tions [51]. An in vitro experiment to examine an
effect of the mutant Gsa shows that transfection
of mutated GNAS in pancreatic ductal cells
induces elevation of cyclic AMP and marked
alteration of gene expression including upregula-
tion of mucin genes, which indicates that the
mutated GNAS is strongly associated with pro-
duction of excess mucin in IPMNs [52]. To
examine an in vivo effect of the mutated GNAS, a
genetically engineered mouse model that harbors
LSL-GNAS®°!" under CAG promoter (Tg(CAG-
LSL-GNASR!H)) was generated [53]. When this
mouse crosses with Ptfla““* and LSL-Kras®'?P
mice, synergistic expression of GNAS*?0" and
Kras®P is induced in a pancreas-specific man-
ner, and, as a result, a multicystic tumor develops
in the pancreas within 5 weeks. The multicystic
tumor is consisted of dilated ducts lined with
papillary neoplastic epithelia, which closely
mimics human IPMNs. This result indicates that
the mutated GNAS indeed causes development of
IPMN in vivo. GNAS mutations are observed in
low-grade IPMNs as well as high-grade IPMNs
[50]. In IPMN variations, intestinal-type IPMNs
are more likely to harbor GNAS mutations than
other types of IPMNs [54]. The pyloric gland
variant of gastric-type IPMNs also commonly
harbors GNAS mutations [55]. By immunohisto-

chemistry, [IPMN cells show strong expression of
Gsa and phosphorylated substrates of PKA [50].
GNAS mutations are not associated with patients’
survival [54]. These observations indicate that
the GNAS mutation strongly contributes to devel-
opment and manifestation of characteristic phe-
notypes of IPMNss.

Some IPMNSs, 14% of them, harbor somatic
mutations in RNF43 [56, 57]. RNF43 encodes
ring finger protein 43 (RNF43), an E3-ubiquitin
ligase associated with Frizzled receptor [58].
RNF43 mediates destruction of internalized
Frizzled receptor whose ligand is Wnt, which
contributes to control activity of the Wnt signal-
ing pathway. Mutations in RNF43 are protein-
truncating mutations or missense mutations in
the ring finger domain, which mostly are regarded
as loss-of-function mutations that presumably
induce hyperactivation of the Wnt pathway.

2.14 Familial Pancreatic Cancer

Some patients with PDAs have a strong family
history, in which individuals suffering from PDA
cluster within the first- or second-degree rela-
tives. This familial predisposition to pancreatic
cancer is known as familial pancreatic cancer,
which is now precisely defined as a kindred with
a pair of first-degree relatives with pancreatic
cancer [59]. The risk of pancreatic cancer in the
familial pancreatic cancer kindred is estimated to
be 6.79-fold compared with the general popula-
tion in the USA [60]. Moreover, kindred with
three individuals with pancreatic cancer in the
first-degree relatives have 32-fold risk of pancre-
atic cancer [61]. These results suggest a signifi-
cant role for genetic factors in the familial
pancreatic cancer kindred. Genes known to be
associated with familial pancreatic cancer kin-
dred are BRCA2, PALB2, ATM, STK11, CDKN2A,
PRSS1, and SPINKI. BRCA2, PALB2, and ATM
are DNA repair-associated genes whose func-
tions are described in the previous section.
Germline mutations in BRCA2, PALB, and ATM
are found in 6%, 3%, and 3.5% of the familial
pancreatic cancer kindred, respectively [62, 63].
STK11 is a predisposed gene for Peutz-Jeghers
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syndrome (PJS), an autosomal dominant disorder
characterized by growth of polyps in the gastro-
intestinal tract and pigmented macules on the
skin and mouth. STK/ 1 encodes the serine/threo-
nine kinase 11 that regulates the AMP-activated
protein kinase and plays a role in cell metabo-
lism, cell polarity, apoptosis, and DNA damage
response. The cumulative risk of pancreatic can-
cer is reported to be 11 in PJS compared with
0.5 in general population in age 60s [64]. PRSS1
and SPINK]I are known to be predisposed genes
for a hereditary pancreatitis [65, 66]. PRSSI
encodes a trypsinogen and SPINKI encodes a
trypsin inhibitor. Individuals with hereditary pan-
creatitis yield the standardized incidence ratio,
which is the ratio of observed pancreatic cancer
cases in the cohort to the expected pancreatic
cancers in the background population, of 53 [67].

2.15 Implication of Molecular
Alterations in Clinical

Practice

KRAS is mutated in 90% of PDAs, which indi-
cates that an activation of RAS-MAPK pathway
is nearly an essential molecular event for devel-
opment or progression of PDAs. Several studies
have been conducted whether KRAS mutation
could be used as a specific molecular marker for
PDA. Detection of KRAS mutation was tested in
duodenal fluid [68], pancreatic juice [69], and
feces [70], and, as expected, these studies showed
justifiable sensitivities, however, questionable
specificities, possibly because of prevailing
occurrence of KRAS mutation in precursor lesions
like PanINs [71] or IPMNs [72]. Recently, thanks
to NGS power, detection of KRAS mutation in
circulating tumor cells or free DNA in peripheral
blood as “liquid biopsy” is being emerged as an
alternative method of tissue biopsy [73].
Circulating tumor DNA (ctDNA) is free DNA
identified in plasma. CtDNA is reported to be
detectable by assessing tumor-specific mutations
in 60-90% of metastatic PDAs and 20-50%
in localized PDAs [73-75]. Increasing of ctDNA
is associated with poor survival [74, 75].

Molecular alterations are associated with
patients’ prognosis. Aberrations of CDKN2A/p16
are associated with poor survival [76, 77]. Loss
of SMAD4 expression is associated with metas-
tasis and poor survival [78, 79]. A recent report
indicates that patients with mutations in KRAS at
codon 61 (Q61), although a fraction of such
patients is usually less than 10%, show better sur-
vival compared with those with KRAS codon 12
mutations [7]. ROBO2 encodes the roundabout
guidance receptor 2 that functions in axon guid-
ance and cell migration, which is recently uncov-
ered as a mutated gene in pancreatic cancer.
ROBO?2 is mutated or deleted in ~15% of PDAs,
and lower expression of ROBO?2 is associated
with poor survival of patients with PDAs [3].

Aberrations in DNA repair pathway are asso-
ciated with sensitivity for chemotherapy.
Mutations in BRCAI, BRCA2, or PALB2 lead to
dysfunction of BRCA pathway of DNA double-
strand break repair. This dysfunction may cause
additional mutations of genes implicated in pro-
gression of pancreatic cancer; however simulta-
neously, it also potentially causes cell death by
devastation of genome integrity. Therefore, PDAs
with defective BRCA pathway are sensitive to
drugs, e.g., mitomycin C and cisplatin, or irradia-
tion that induces extensive DNA double-strand
breaks [4]. Poly ADP-ribose polymerase (PARP)
is an enzyme that alternatively functions in DNA
repair, and this alternative pathway is activated
compensatory in cancers defective for BRCA
pathway; therefore, a PARP inhibitor, e.g., olapa-
rib, is effective in such PDAs [80].
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The pancreas has distinct exocrine and endocrine
components [1]. The exocrine pancreas consti-
tutes 80—85% of the organ and is composed of
acinar cells, arranged in small, rosette-like clus-
ters packed back to back to form compact lobules
separated by thin, fibrous septa and containing
membrane-bound granules rich in proenzymes
(zymogens), including trypsinogen, chymotryp-
sinogen, and prophospholipase A and B [1].
Upon secretion, these proenzymes and enzymes
are carried by the ductal system to the duodenum,
where they are activated by proteolytic cleavage
in the gastrointestinal tract. The ductal compo-
nent starts with the centroacinar cells, and
through intralobar and interlobar ducts, the enzy-
matic secretions are carried to the main pancre-
atic duct and eventually to the duodenum through
the ampulla of Vater [1]. The endocrine pancreas
is composed of a million distinct clusters of cells,
the islets of Langerhans, scattered throughout the
gland. The islet cells secrete insulin, glucagon,
and somatostatin and other hormones and overall
constitute only 1-2% of the organ [1]. Pancreatic
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neoplasms are classified based on the degree to
which they recapitulate one of the cellular com-
ponents of the pancreas [2]. This section reviews
the pathological characteristics of pancreatic
neoplasms.

3.1 Ductal Neoplasms

Despite being the least sophisticated component of
the organ, by far the most common tumors of this
organ are of ductal origin. Whether this is due to the
regeneration ability of the ductal cells or whether it
is related to their exposure to the external milieu or
both remains to be analyzed. The most common
neoplasm of ductal origin that is of clinical signifi-
cance is “ductal adenocarcinoma’ (also called pan-
creatobiliary-type adenocarcinoma). Pancreatic
intraepithelial neoplasms, as defined currently, are
perhaps even more common but seldom come to
clinical attention. Intraductal neoplasms (intra-
ductal papillary mucinous neoplasms and intra-
ductal tubulopapillary neoplasms) are also fairly
common, lesser examples commonly presenting as
incidental cysts in the pancreas. There are also
malignant neoplasms of ductal origin that are
closely related to ductal adenocarcinomas but are
classified separately such as adenosquamous, osteo-
clastic giant cell, and others. In the ensuing section,
these neoplasms will be discussed in detail.
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Invasive Ductal
Adenocarcinoma

3.1.1

Invasive ductal adenocarcinoma affects mainly the
middle-aged to elderly. There does not seem to be
significant gender predilection [3]. It has a remark-
able tendency for rapid dissemination and insidious
infiltration [3]. Typically, it spreads in the abdomen
in a military fashion (intra-abdominal carcinomato-
sis) or is already widely metastatic by the time the
primary tumor grows to 5-6 cm in size [3]. They
typically invade the local nerves by the time of
diagnosis and thus many patients have back pain.
Despite the high frequency of distant metastases,
some ductal carcinomas cause death of the patient
as a result of predominantly local growth [3].

Most ductal adenocarcinomas are located in
the head of the pancreas and infiltrate the neigh-
boring structures, especially the common bile
duct, and obstructive jaundice is a common find-
ing at presentation. For this reason, it is often dif-
ficult to distinguish pancreatic carcinoma from a
carcinoma of the distal common bile duct, espe-
cially given that the two are microscopically sim-
ilar. Some pancreatic ductal adenocarcinomas
infiltrate and ulcerate the duodenum or ampulla

Fig.3.1 Conventional
pancreatic ductal
adenocarcinoma:
variably sized
well-formed glands
surrounded by abundant
desmoplastic stroma

of Vater and may mimic a primary duodenal or
ampullary neoplasm, and the classification of
such cases may have to be based on arbitrary cri-
teria such as the epicenter of the mass which
requires careful grossing of the specimens.
Grossly, most ductal adenocarcinomas are
scirrhous type of carcinomas; they are associated
with abundant desmoplastic stroma, in which the
neoplastic glands are widely scattered. This cre-
ates a challenge in the diagnosis of ductal adeno-
carcinoma, not only because often only a few
cancer cells are present, if any, for evaluation in
biopsy specimens but also it can be extremely
difficult to distinguish from fibrosis of chronic
pancreatitis radiologically and grossly. This is
also a problem for cancer researchers, because
most procured “tumor” specimens may in fact
contain much more host tissue than the true car-
cinoma cells. The characteristics that distinguish
ductal adenocarcinoma are its firm, gray, and
gritty cut surface rather than the rubbery, milky
white appearance of benign fibrotic lesions.
Microscopically, ductal adenocarcinoma is
characterized by infiltrating tubular glands, often
widely scattered, embedded in a desmoplastic
stroma of variable cellularity (Fig. 3.1). These
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neoplasms vary from well-differentiated, duct-
forming carcinomas, which may be so well-
differentiated as to mimic nonneoplastic glands,
to poorly differentiated carcinomas with epithe-
lial differentiation demonstrable only on immu-
nolabeling. In the vast majority, however, some
degree of tubule formation is identifiable in thor-
ough sampling. Ductal adenocarcinomas typi-
cally elicit an intense stromal reaction, and this
reaction has been postulated to serve as a barrier
to chemotherapy and facilitator of growth [4]
although in some cases it may represent an attempt
of the host to contain the tumor as well.
Neoadjuvant therapy seems to cause substantial
alterations in the morphology of the tumor cells.
Also, residual foci of previously treated ductal
adenocarcinoma may be patchy and may require
more careful examination. Recently, scoring sys-
tems have been devised in an attempt to evaluate
the efficacy of chemotherapy, and the one we
advocate is the one proposed by H. Wang and col-
leagues from MD Anderson [5]; however, the rel-
evance of these proposals requires further study.
The difficulty in distinguishing ductal adeno-
carcinoma from chronic pancreatitis also applies
to the microscopic diagnosis and is regarded to
be one of the most difficult distinctions in diag-
nostic pathology [6, 7]. Chronic pancreatitis may
be associated with epithelial atypia, both archi-
tectural and cytologic, in pancreatic tissue; con-
versely, ductal adenocarcinoma is notorious for
its deceptively bland appearance. Features favor-
ing a malignant diagnosis include abnormal loca-
tion of glands (adjacent to muscular arteries,
within the duodenal muscularis, adjacent to adi-
pocytes in the peripancreatic tissue, or around
nerves), architectural abnormalities in the shape
of the glands (cribriforming, angulation, or
incomplete gland formation), and nuclear abnor-
malities (variation in the shape and size of nuclei
by more than four to one, known as the 4-fo-1
rule among the cells within an individual gland)
[6, 7]. Diagnostic difficulty also extends to the
differential diagnosis of ductal adenocarcinoma
in metastatic sites, because ductal adenocarci-
noma often retains its well-differentiated appear-
ance and mimics benign or low-grade neoplasms
of these sites. Common pitfalls include misinter-
pretation of metastatic ductal adenocarcinoma in

the ovary as a primary borderline ovarian tumor
[8]; in the lung, as bronchioloalveolar carcinoma;
and in the liver, as bile duct adenoma. In the last
instance, the converse — misinterpretation of bile
duct adenoma as metastatic ductal adenocarci-
noma — seems to be more common.

No uniformly applied pathologic grading system
exists for ductal adenocarcinoma. Schemes advo-
cated by Western and Asian experts show major
philosophical differences in principle and results.
The current American Joint Commission on Cancer-
endorsed tumor-node-metastasis (TNM) grading
system [9] is similar to the grading of other adeno-
carcinomas of the gastrointestinal tract: well differ-
entiated means 95% or more composed of glandular
structures; moderately differentiated, 50-95% glan-
dular in pattern; and poorly differentiated, with
more than 50% solid nest and individual cells. The
World Health Organization (WHO) has adopted the
complex grading scheme proposed by Kloppel and
colleagues, which is difficult to employ and not
widely used in daily practice [10]. Intratumoral het-
erogeneity seems to be an important problem in the
grading of ductal adenocarcinoma, and for this rea-
son, a simpler, more practical, and more clinically
relevant grading scheme that accounts for this het-
erogeneity by scoring the patterns of infiltration has
been proposed [11].

The pathologic evaluation of a pancreatectomy
specimen is important both for staging and in
determining the adequacy of resection. Recent
studies have highlighted that, with more careful
grossing protocols in pathology laboratories, in the
vast majority of resected pancreatic ductal adeno-
carcinomas, there often are insidious carcinoma
units that involve the surfaces and the margins
which are not visible grossly or clinically [10-17].
In one study, in >90% of the cases, there were car-
cinomatous foci in the peripancreatic adipose sur-
faces of pancreatoduodenectomy specimens [18]
which renders the current AJCC T-stage protocol
inapplicable [9], and for this reason a size based
staging protocol has been proposed [13, 19].
Metastasis to lymph nodes is considered one of the
most important predictors of outcome in resected
ductal adenocarcinomas. Generally, at least 12
lymph nodes should be identified in a simple pan-
creatoduodenectomy specimen [20]. Most of these
lymph nodes are embedded in the surfaces of the
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pancreas or in the groove between the pancreas
and duodenum. When careful harvesting of the
lymph nodes is performed [12, 20], lymph node
metastasis is detected in close to 80% of the
resected pancreatic ductal adenocarcinomas [21].

Proper identification of margins and their ade-
quate sampling are important components in the
pathologic evaluation of a pancreatoduodenectomy
specimen [12-17, 22]; however, what constitutes a
margin remains controversial [12]. For example,
the anterior surfaces are regarded as “margin” by
some but not others. Similarly, whether to consider
the posterior free surfaces of the pancreas as a
“margin” or not has also been highly controversial,
with vastly different views by different authors.

As expected, ductal adenocarcinoma shows
immunohistochemical evidence of ductal differen-
tiation. Briefly, most ductal adenocarcinomas
express cytokeratins (7, 8, 18, 19, and variably
20), mucin (MUC1, MUC4, and MUCS5AC), gen-
eral adenocarcinoma markers (CEA, B72.3,
CA125, and CA19-9), and some pancreatic
cancer-specific markers (mesothelin, S-100A4,
etc.) [23-25]. In addition, immunolabeling for
antigens that function as surrogate markers for
genetic changes can also be altered in ductal ade-
nocarcinomas. Most ductal adenocarcinomas have
abnormal nuclear labeling with antibodies to p53,
and 55% show a loss of SMAD4 expression [26].

The genomes or exomes of a large number of
ductal adenocarcinomas have been sequenced,
significantly increasing our understanding of the
molecular drivers of pancreatic cancer. Although
the genetic changes identified are complex, the
key to understanding pancreatic tumorigenesis lies
in the recognition and appreciation that these
mutations target a core set of pathways and pro-
cesses. Mutation in codon 12 of the KRAS onco-
gene is found in more than 95% of ductal
adenocarcinoma and seems to be an early event
[27]. Mutation of PI6 or methylation of the
promoter is common (>80%) and represents the
pathogenetic link with the familial atypical multi-
ple mole melanoma syndrome [28] and thus have
clinical implications for patient and family screen-
ing. Overexpression of p53 [29, 30] and loss of
SMAD4/DPC4 are detected in about half of cases
[26]. BRCA2 and Peutz—Jeghers gene mutations
have been implicated in about 5% of ductal adeno-

carcinoma cases [27]. BRCA has been the subject
of much discussion recently, because of the poten-
tial targeting agents in the treatment of such cases
[31]. Fanconi anemia gene alterations also have
been identified [32]. Abnormalities in mismatch
repair proteins and microsatellite instability are
uncommon, although pancreatic ductal adenocar-
cinomas can occur as one of the less common
manifestations of Lynch syndrome [33].

3.1.2 Pancreatic Intraepithelial
Neoplasia (PaniN)

The vast majority of pancreatic ductal adenocarci-
nomas are believed to arise from precursor intra-
ductal  proliferations  termed  pancreatic
intraepithelial neoplasia (PanIN) [34]. PanINs are
small microscopic intraductal lesions that are less
than 5 mm in size. They are composed of a flat or
papillary neoplastic epithelium. The spectrum of
changes, originally classified in three grades [35],
is now being modified into a two-tier system as
low versus high-grade PanIN [36]. Replacement
of the normal cuboidal, nonmucinous ductal epi-
thelium with columnar cells that contain abundant
apical mucin, but without architectural complexity
(e.g., papilla formation) or cytologic atypia (previ-
ously called mucinous metaplasia, mucinous
hypertrophy, and more recently, PanIN-1A), is
regarded as the earliest form of neoplastic trans-
formation in the pancreatic ductal system (Fig.
3.2a). As the intraductal neoplasm progresses, it
acquires more papillary architecture and cytologic
atypia. When irregular papillary architecture is
present with tufting, severe cytologic atypia,
necrosis, suprabasal mitoses, and loss of cell polar-
ity, it is regarded as high-grade PanIN (previously
called PanIN3; high-grade dysplasia), which is
equivalent to “carcinoma in situ” (Fig. 3.2b).

A progressive accumulation of molecular
alterations is reported from low-grade PanIN to
invasive carcinoma [27]. Some alterations, such
as KRAS mutations, are early events; while oth-
ers, such as p53 overexpression, occur at the
more advanced end of this spectrum. Low-grade
PanINs are very common incidental findings in
the normal population [37, 38]; therefore, they
are generally believed to not to require any fur-
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Fig.3.2 (a) Pancreatic
intraepithelial
neoplasia, low grade;
(b) pancreatic
intraepithelial
neoplasia, high grade

ther clinical attention, if encountered in isolation
or at resection margins. In fact, it is not required
to even record it in the surgical pathology report
[36]. High-grade PanIN (previously PanIN3/
CIS), on the other hand, is seldom seen in the
absence of an invasive carcinoma [37], and for
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this reason, if high-grade PanIN (CIS) is encoun-
tered in a pancreas, the likelihood of carcinoma
elsewhere in the gland is very high. In fact, one of
the biggest challenges is to define and distinguish
high-grade PanINs from colonization (canceriza-
tion: intraductal spread of invasive carcinoma),
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i.e., invasive carcinoma cells that retrogradely
infiltrate into the native ducts and “colonize”
them and grow “pagetoidly” within the duct epi-
thelium (cancerization), versus true precursor.

3.1.3 Other Carcinomas of Ductal
Origin

There are other malignant neoplasms of ductal
origin/lineage (i.e., carcinoma types) that may be
related to ductal adenocarcinoma (and some also
associated with ordinary ductal adenocarcinoma
component) but are classified separately because
of their distinctive clinical and molecular charac-
teristics. In the following section, the salient fea-
tures of these tumor types are discussed.

Colloid carcinoma is characterized by the pro-
duction of copious amounts of extracellular mucin
[39-41] (Fig. 3.3), and these distinctive neoplasms
almost always arise in association with an intesti-
nal-type intraductal papillary mucinous neoplasm
(IPMN). The majority of intestinal-type IPMNs
(as well as their associated carcinomas) harbors
GNAS gene mutations, and, of interest, colloid
carcinomas have a different biology with an
unusually protracted clinical course [24, 42].
Overall, they have an incomparably better progno-
sis than ductal adenocarcinomas, with 5-year sur-
vival of >55% [39-41]. Since colloid carcinomas
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arise mostly from “intestinal-type” IPMNs, and
since both show diffuse expression of intestinal
lineage markers of CDX2/MUC?2 which are other-
wise practically nonexistent in other tumor types
of this organ, it is being speculated that colloid car-
cinomas may have to be managed like an intesti-
nal-type cancer (with the intestinal chemotherapy
protocols) rather than pancreatic.

The medullary variant of pancreatic cancer is a
poorly differentiated pancreatic cancer (Fig. 3.4).
Syncytial nodules of large, poorly differentiated
epithelial cells with a pushing pattern of invasion
characterize medullary carcinomas. In our experi-
ence, these are significantly more common in the
ampulla and duodenum than in the pancreas, and
therefore, before a case can be classified as a pan-
creatic origin, these possibilities ought to be
excluded. In fact, most of the cases advertised as
pancreatic medullary carcinoma prove to be of
ampullary origin in careful inspection. Medullary
carcinoma can occur sporadically or in patients
with Lynch syndrome [43]. Many but not all
tumors are microsatellite instable, and immunos-
taining for mismatch repair proteins is lost in
some of these cancers [44, 45]. The diagnosis of
medullary carcinoma of the pancreas may be a
clue to an inherited cancer syndrome, including
Lynch syndrome, and may justify genetic coun-
seling of the patient. In one study [44], these
tumors were found to have a more protracted
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Fig.3.4 Medullary
carcinoma is a poorly
differentiated
carcinoma that mostly
lacks gland formation
and is characterized by
syncytial growth of
large atypical cells
accompanied by a
lymphocytic infiltrate

Fig.3.5 Undifferentiated
carcinoma with
osteoclast-like giant
cells: it is characterized
by osteoclasts (benign
multinucleated giant
cells of osteoclastic
type) admixed with
pleomorphic
sarcomatoid carcinoma
cells and often
accompanied by
hemorrhage and
hemosiderin in the
tumor nodules

clinical course, but further data are necessary to
define the prognosis of these rare tumors.
Undifferentiated carcinoma can be regarded
as the least differentiated form of ductal adeno-
carcinoma, in which characteristic tubule forma-
tion is no longer evident or only focal. This term
is unfortunately applied for ordinary ductal ade-
nocarcinomas with significant nonglandular
(poorly differentiated) component. Defined more
stringently, undifferentiated carcinomas appear
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to occur in two different types. One is character-
ized by rhabdoid phenotype and common INI-1
loss, which is very uncommon [46], and the
other is osteoclastic giant cell carcinoma [47].
The latter undifferentiated carcinoma with
osteoclast-like giant cells (also known as osteo-
clastic giant cell carcinoma) is a distinctive
tumor characterized by an abundance of osteo-
clasts in the background of a sarcomatoid carci-
noma [47-49] (Fig. 3.5). Studies have shown
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Fig. 3.6 Adenosquamous carcinoma: left, invasive adenocarcinoma component; right, large nests of cells with squa-
mous differentiation including keratinization (pearl formation)

that the osteoclastic giant cells are nonneoplastic
histiocytic cells [49], and the true neoplastic
cells in this tumor are the sarcomatoid mononu-
clear cells. An adenocarcinoma component or, in
some cases, high-grade PanIN or mucinous cys-
tic neoplasm precursors may be present.
Undifferentiated carcinomas with osteoclast-like
giant cells are characterized by a well demar-
cated and a large solitary mass and exhibit nodu-
lar/pushing-border infiltration [47]. If examined
carefully, many such tumors appear to have sub-
stantial intraductal growth. These are clearly
malignant neoplasms; however, careful reap-
praisal of the literature elucidates that their prog-
nosis is significantly better than that of ordinary
ductal adenocaricnomas. In fact, in our experi-
ence, many of these patients experience unex-
pectedly long survival, with an overall 5 years of
42% [47], but more studies are needed to verify
this impression.

Squamous differentiation is seen in some
conventional ductal adenocarcinomas (i.e., ade-
nosquamous carcinomas (Fig. 3.6), but rare pure
examples of squamous cell carcinoma without
any glandular components also may be seen [50]
though exceedingly uncommon. They may have
variable degrees of keratinization. Squamous
cell carcinoma and adenosquamous carcinoma
of this region are highly aggressive tumors [50]
with a prognosis that is even worse than that of
ordinary ductal adenocarcinoma.

3.1.4 Intraductal Neoplasms

Intraductal neoplasms are the generic category
designation for the tumors that fundamentally
arise in the main pancreatic duct or its branches.
There are three types of pancreatic neoplasms
that predominantly have an intraductal growth
pattern: the common, usually cystic, intraductal
papillary mucinous neoplasms; the rare, usually
solid intraductal tubulopapillary neoplasms; and
the rare “intraductal tubular pyloric gland-type
adenoma,” which is mostly regarded as a subset
of one of the former entities [51]. In addition to
these three tumor types, pancreatic neoplasms
with a usually solid growth pattern such as aci-
nar cell carcinomas [52, 53], neuroendocrine
tumors, metastatic tumors, and undifferentiated
carcinomas [47] may present, though very
rarely, as predominantly intraductally growing
neoplasms.

3.1.4.1 Intraductal Papillary Mucinous
Neoplasms

Intraductal papillary mucinous neoplasms
(IPMNs) account for at least 25-30% of all neo-
plastic cystic lesions [3]. By definition, IPMNs
are mucin-producing epithelial neoplasms that
involve the duct system and are equal to or
larger than 1 cm in size. These neoplasms are
noninvasive and can harbor varying degrees of
dysplasia. Most arise in the head of the pancreas;
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Fig. 3.7 Intraductal papillary mucinous neoplasm: (a)
intestinal type resembling colonic villous adenoma; (b)
pancreatobiliary type (with cuboidal cells and round
nuclei); (¢) gastric type (identical to gastric foveolar epi-
thelium); (d) intraductal oncocytic papillary neoplasm

however, they may also arise in the tail, and
some even involve the entire pancreas [54-56].
The mucin produced by these tumors may exude
from the ampulla of Vater, a finding that is virtu-
ally diagnostic of an IPMN. Radiographic find-
ings of ductal dilatation with irregularities are
often diagnostic as well. IPMNs may be multi-
centric, and therefore the presence of one lesion
should heighten the clinical suspicion for addi-
tional lesions and mandate careful follow-up.
Macroscopically, IPMNs are characterized by
dilatation of the main or branch pancreatic
ducts. Papillary fronds of neoplastic epithelium
and tenacious luminal mucin are often present.
Microscopically, the neoplastic epithelium can
be papillary or flat and can show one of four
directions of differentiation: intestinal, gastric,

(aka oncocytic variant of IPMN showing markedly com-
plex papillae forming cribriform and/or solid areas; the
tumor cells exhibit intracellular lumina and contain abun-
dant eosinophilic granular cytoplasm and single promi-
nent eccentric nucleoli)

pancreatobiliary, or oncocytic [57-59]. In
intestinal-type IPMNs, the papillary nodules are
morphologically identical to colonic villous
adenomas (Fig. 3.7a), and the invasive carcino-
mas that develop in these tend to be of the rela-
tively indolent colloid type [39]. Intestinal-type
IPMNss and colloid carcinomas typically express
intestinal differentiation markers (MUC2 and
CDX?2) not found in ductal adenocarcinomas or
in the nonintestinal subtypes of IPMNs dis-
cussed below, indicating that they represent a
distinct “intestinal pathway” of carcinogenesis
in the pancreas [57]. This is highly pertinent to
the management of these tumors, because col-
loid carcinomas not only behave in a much more
protracted clinical course but also may be closer
in biology to the intestinal than pancreatic
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adenocarcinomas and may have to be treated as
such. The pancreatobiliary-type IPMNs, which
are least well characterized, typically have com-
plex arborizing and interconnecting papillary
configuration with delicate fibrovascular cores
and are composed of cuboidal cells with
enlarged nuclei and little mucin production (Fig.
3.7b). This subtype tends to be associated with
tubular-type invasive carcinoma (conventional
ductal adenocarcinoma) and appears to have
more aggressive behavior [60]. The gastric-type
IPMNs are the most common type since most
“incidentaloma cysts” of the pancreas prove to
be this group. It is characterized by relatively
simple and typically short papillae and often has
pyloric-like glandular elements at their base in
the cyst wall. The epithelial lining is identical to
gastric foveolar epithelium (Fig. 3.7c). When
high-grade dysplasia ensues on gastric-type
IPMN, it typically starts to show more complex
architecture and cuboidal cells with enlarged
nuclei and less mucinous cytoplasm, which are
also characteristics of the pancreatobiliary-type
IPMN mentioned above. For this reason, some
authors believe the pancreatobiliary type is a
high-grade version of the gastric type [51].
What is currently classified as oncocytic type
IPMN, which had been originally described as
intraductal oncocytic papillary neoplasm, 1is
now proving to be different not only morpho-
logically but also by clinical behavior from
other IPMN types and thus deserves to be recog-
nized as a distinct entity [59, 61-63]. This entity
is characterized not only by the oncocytic nature
of the cells but also by the complexity of the
papillary nodules, which have an arborizing pat-
tern (Fig. 3.7d). Oncocytic IPMNs are often
large and very floridly proliferative tumors and
clinically they typically get diagnosed as “can-
cers” with cystic component [63]; whereas, the
carcinomas arising from them tend to be small,
the incidence of metastasis is very low, and the
overall prognosis appears to be very favorable
[59, 61, 62]. In fact, despite their large size and
complexity, very little mortality has been attrib-
uted to this tumor type, if any. On the other
hand, they also have a tendency to recur. Overall,
clinicopathologic and behavioral characteristics

of these oncocytic lesions are so distinctive and
different from other IPMNss that they need to be
regarded as a separate category [59, 61-63].
Recent molecular studies demonstrate that
GNAS mutations are more prevalent in intestinal
compared with pancreatobiliary and gastric sub-
types [64—66] and oncocytic IPMNs have differ-
ent molecular changes from other IPMNs, with
a much lower incidence of KRAS mutation and
frequent expression of MUC6, suggesting a
pyloropancreatic lineage [23, 62].

Thus, these different histologic subtypes of
IPMNs not only have different progression rates
and different associations with biologically dis-
tinct invasive carcinoma types, but also are
representing distinct pathways of carcinogenesis.
Although IPMNs are typically classified into a
histological subtype, more than one epithelial
subtype can be present within the same IPMN. The
degree of dysplasia in IPMNs is now grade in a
two-tiered system as low grade (encompassing
the previous low- and intermediate-grade dyspla-
sia categories) versus high grade (which is
reserved for the cases that used to be qualified as
“carcinoma in situ” [36, 55]. Among patients with
IPMNs who go to pancreatic resection, about
30% will have IPMNs that have an associated
invasive adenocarcinoma [51] although this fig-
ure may be changing with earlier detection and
better selection of cases for surgery. Patients with
an invasive carcinoma arising in an IPMN have a
better prognosis than do patients with a conven-
tional ductal adenocarcinoma not arising in an
IPMN, but some of this improved prognosis is
lost when one controls for stage [51]. Invasive
carcinomas that arise in [IPMNs are recognized
separately and are graded and staged like other
ductal-type carcinomas [36, 55].

3.1.4.2 Intraductal Tubulopapillary
Neoplasms

Intraductal tubulopapillary neoplasm (ITPN) [56,
57, 67-69] is a recently recognized category of
mass-forming (>1.0 cm) intraductal neoplasm that
is fairly similar to an IPMN, from which it is
distinguished microscopically by its mucin-poor
nature and distinctive tubular architecture. First
reported by Tajiri and colleagues [67] under the
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Fig.3.8 Intraductal
tubulopapillary
neoplasm: it is
composed of irregular
tubules forming a large
and cribriform mass

heading of intraductal tubular adenocarcinoma,
the entity is now being designated intraductal
tubulopapillary neoplasm in the WHO 2010 clas-
sification. It is a rare tumor seen at an average age
of 53 years, and it presents with nonspecific symp-
toms [56]. The clinical findings are similar to those
of IPMNs but generally forming more complex
nodular tumors on imaging as well as macroscopic
examination [56]. Cystic change is often less
appreciable. ITPN occurs predominantly in the
head of the pancreas but may involve any part. It is
often large (mean, 7 cm; range, <15 cm) [56].
Histologically, ITPNs are characterized by
densely packed cuboidal eosinophilic epithelial
cells forming intraductal tubular proliferations,
usually with moderate nuclear atypia, increased
mitotic activity, and without overt mucus produc-
tion (Fig. 3.8). Occasionally the glands form a
tubulopapillary pattern and some cases have
comedo-like necrosis or desmoplastic stroma.
The tumor cells are positive for the ductal CKs
[7, 8, 18, 19] and, in more than 60% of cases, for
MUCI and MUC6. MUCS5AC and MUC2 are
negative [56]. In about 40%, there is an invasive
carcinoma component, which may be difficult to
recognize but is usually limited in extent [56].
The prognosis is significantly better than that of
PDACsSs. More than a third of the patients survive

beyond 5 years, and a protracted clinical course
may be even seen in those patients with recur-
rence and metastasis to lymph nodes or to the
liver [56]. Molecular pathways involved in this
tumor appear to be very different than those of
ordinary ductal adenocarcinomas or IPMNs [70].

3.1.5 Mucinous Cystic Neoplasms

Mucinous cystic neoplasms (MCNs) of the pan-
creas are cystic mucin-producing neoplasms. Now
defined by the presence of ovarian-type stroma,
this entity has highly distinctive characteristics.
The vast majority occur in perimenopausal women
(98% female; mean age, 48 years) [71-73] with
only few male patients with convincing ovarian
stroma on record. Most (>98%) occur in the body/
tail; they are very uncommon in the head. They
form a relatively distinct (demarcated) lesion. In
contrast to [PMNs, the cysts of MCN do not com-
municate with the larger pancreatic ducts. The
cysts are most frequently multiloculated and dis-
tended with tenacious mucin, which is rich in gly-
coproteins and oncoproteins, such as CEA [74-77].
This feature may help distinguish these tumors
from other cystic lesions. Grossly, the inner
surfaces of the cyst walls may be smooth, they
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Fig.3.9 Mucinous
cystic neoplasm:
tall-columnar mucinous
epithelium is
surrounded by an
ovarian-type stroma

may have papillary excrescences, or they may
have isolated intracystic solid nodules.
Microscopic examination shows two characteris-
tic components: variable lining, from low-cuboi-
dal/nonmucinous  to  tall-columnar/mucinous
arranged in a flat or papillary architecture, and dis-
tinctive ovarian-type stroma, the cells of which
may express estrogen receptors [4] and also some
progesterone receptors (Fig. 3.9). Based on the
degree of cytoarchitectural abnormalities on the
most atypical region, these neoplasms are now
graded into two groups: low grade (previously
called low- or intermediate-grade dysplasia) or
high grade (previously called high-grade dysplasia
and also corresponding to “in situ carcinoma”)
[36]. Invasive carcinoma is seen in about 15% of
the cases, typically in larger and more complex
examples that show florid papillary nodules in the
cysts; invasion is seldom seen in tumors that are
small (<3 cm) and noncomplex [73], raising the
question of whether these may be amenable for
watchful waiting in select patients as in [IPMNs.
Most invasive carcinomas are tubular (ductal)
type and morphologically indistinguishable from
ordinary ductal adenocarcinomas. A few are sar-
comatoid carcinomas, some with osteoclastic

giant cells [47, 73]. Recent literature indicates
that if invasion has been ruled out by total sam-
pling and thorough examination of the tumor,
then noninvasive MCNss behave in a benign fash-
ion [72, 73]. In contrast, those with invasive car-
cinoma appear to exhibit fairly aggressive clinical
course, even when they are small. Having said
that, in one recent study, those with “minimal
invasion,” defined as carcinoma limited to micro-
scopic foci within the septa of the cysts, were
found to have a fairly benevolent behavior [78].
Recently, the exomes of a series of well-charac-
terized MCNs have been sequenced, and the
KRAS, p16, p53, RNF43, and SMAD4 genes have
been reported to be targeted in MCNs [4].

3.1.6 Serous Cystic Tumors

Serous cystadenomas are rare benign neoplasms
that can form relatively large masses (up to
25 cm) that tend to be well demarcated, predomi-
nantly in women and in the age group of 50s—60s
[79]. Typically, they are composed of innumera-
ble back-to-back tubules of variable size and
shape creating the diagnostic macroscopic
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Fig.3.10 Microcystic
serous cystadenoma:
each small cyst is lined
by a flattened layer of
epithelium;
cytologically, the lining
cells show clear
cytoplasm and small,
uniform,
hyperchromatic nuclei.
Intimately intermixed
with the epithelium is a
continuous layer of
capillary-sized vessels

appearance of a spongelike configuration —
characteristic microcystic adenoma (Fig. 3.10).
Rare macrocystic (oligocystic), unicystic, and
solid examples occur, and recent studies have
shown that these do not significantly differ from
the more common microcystic variant perhaps
with the exception of their higher propensity to
mimic (and be misdiagnosed as) other megacys-
tic tumors or neuroendocrine neoplasms [79].
Microcystic serous cystadenomas often have a
central stellate scar. Microscopically, they are
characterized by distinctive glycogen-rich epi-
thelial cells with wuniform round nuclei;
dense, homogenous chromatin; and a prominent
epithelium-associated microvascular meshwork
[80] (Fig. 3.10). Serous cystic tumors are one of
the few ductal neoplasms of the pancreas that do
not produce mucin, possibly reflecting a recapitu-
lation of the centroacinar cells that are nonmuci-
nous. Along the same lines, the cyst contents are
devoid of the mucin-related glycoproteins and
oncoproteins that typically are found in muci-
nous pancreatic tumors, a feature that may help
in the preoperative diagnosis [81]. Instead, they

appear to produce a fair amount of vascular endo-
thelial growth factor (VEGF) and secrete it to the
cyst fluid, which may be helpful in the preopera-
tive diagnosis [80, 82]. Microscopically, these
lesions are similar to the cysts seen in von
Hippel-Lindau (VHL) disease, and some serous
cystadenomas do show VHL gene alterations.
Serous cystadenomas often are reported to coex-
ist or “collide” with other pancreatic neoplasms
(especially neuroendocrine neoplasms) and with
congenital pathologic conditions [79, 82].
Convincing examples of malignant serous
tumors  (serous  cystadenocarcinomas  or
carcinomas-ex-microcystic adenoma) are exceed-
ingly rare [83] and are in fact dubious as to whether
they really represent a malignant counterpart of
serous neoplasm. Most of the cases reported in the
literature as “‘malignant” serous cystic neoplasm
(SCN) however appear not to qualify for the cur-
rent WHO definition of malignancy for these
tumors [79]. For example, SCNs that radiologi-
cally about the large vessels have been designated
as “malignant.” Also, larger SCNs can show adhe-
sion to the neighboring organs [79, 84] such as
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lymph nodes, spleen, stomach, and colon, which
may not necessarily be a sign of true malignant
behavior. Similarly occasional recurrences exhib-
ited by SCNs may be a simple persistence of tumor
that can be seen in some benign neoplasms, rather
than true malignant behavior. Even the cases with
synchronous liver involvement may in fact repre-
sent simultaneous independent involvement simi-
lar to what is seen in VHL cases. There has not
been any documentation of metastatic SCN in dis-
tant organs other than the liver-involving cases
(many of which may merely be synchronous dis-
ease) and there has not been any example with
widely disseminated disease. We are aware of
cases in the liver that were designated as “serous
cystadenocarcinoma” who are alive without dis-
ease many years after the resection. And in critical
review of the literature, most such cases appear to
be like that. Thus, for practical purposes, serous
cystadenomas limited to the pancreas are regarded
as uniformly benign [79].

3.1.7 Pancreatic Neuroendocrine
Tumors

Pancreatic neuroendocrine tumors (PanNETs)
are the second most common malignancy of the
pancreas [3]. Most neuroendocrine-type tumors
of the pancreas are well-differentiated (low- to
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Fig.3.11 Pancreatic
well-differentiated
neuroendocrine tumor:
it shows nests and/or
trabecular pattern of
relatively round
uniform epithelial cells
with a fair amount of
cytoplasm and
salt-and-pepper
chromatin

intermediate-grade) neuroendocrine tumors, pre-
viously referred to as islet cell tumors/carcino-
mas and now designated as pancreatic
neuroendocrine tumors (PanNETs) by the 2010
WHO [85, 86], with low-grade malignant behav-
ior [87]. Grossly, PanNETs are usually solid, cir-
cumscribed, and fleshy tumors, although
multinodular and sclerotic examples occur [85,
86]. Rarely, cystic degeneration may be seen [75,
88-90], with a central unilocular cyst lined by a
cuff of viable tumor; this occurs more often in the
setting of multiple endocrine neoplasia (MEN)
syndrome type I. These cystic examples may be
more benevolent [75, 88-90]. PanNETs recapitu-
late the morphologic features of islet cells by
forming nested, gyriform, trabecular, or rarely
acinar or glandular patterns (Fig. 3.11). The cells
have characteristic neuroendocrine features,
including round, monotonous nuclei with a
coarsely stippled chromatin pattern and moderate
amounts of cytoplasm (Fig. 3.11).

Almost half of PanNETs are clinically func-
tional, and functional PanNETs can be further
subclassified based on the clinical syndrome they
produce (not based on immunohistochemical
hormone expression). The most common func-
tional PanNETS are insulinomas, while gastrino-
mas, glucagonomas, somatostatinomas, and
VIPomas (vasoactive intestinal peptide tumor)
are rarer. Most insulinomas follow a benign
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clinical course, likely because insulinomas typi-
cally are highly symptomatic, even when they are
small, which leads to their early detection.
Glucagonomas, on the other hand, tend to be
large at diagnosis and have a more aggressive
course. Nonfunctional PanNETs constitute an
ever-enlarging proportion of PanNETs because
they are being detected more commonly as inci-
dental findings on abdominal imaging studies
[91,92]. PanNETs associated with MEN type I or
other syndromes tend to be multifocal and less
aggressive [93-95]. In addition to grossly evident
and usually functional PanNETs, patients with
MEN type I have numerous neuroendocrine
microadenomas, defined as PanNETs (<0.5 cm).
Most sporadically occurring functional and non-
functional PanNETs are clinically low-grade
malignancies. More than half of patients have
recurrence or metastasis after resection, and
many patients come to attention only after the
development of metastatic disease. Nonetheless,
there may be a relatively protracted clinical
course even in patients with metastatic disease. It
has been difficult, as in neuroendocrine tumors of
other organs, to determine which PanNETs are
more likely to metastasize and which metastatic
cases are likely to progress most rapidly [96, 97].
Findings associated with more aggressive behav-
ior include a size greater than 3 cm, a functional
PanNET other than insulinoma, extrapancreatic
or vascular invasion, high mitotic activity, high
proliferation index (based on immunohistochem-
ical staining for Ki-67) [98-100], CK19 expres-
sion [101], and c-KIT expression [102]; however,
some PanNETs lacking all of these features may
still metastasize. The genes targeted in neuroen-
docrine tumors, which differ significantly from
those targeted in ductal adenocarcinomas, include
MENI, DAXX and ATRX, and genes coding for
members of the mammalian target of rapamycin
(mTOR) pathway [4].

Recently, a multidisciplinary group of interna-
tional experts have proposed a set of parameters
to be included in pathology reports [103]. It was
emphasized that PanNETSs ought to be evaluated
by the approach used for any other malignancy,
and accordingly, the grade and stage should be
reported separately [85, 104]. For grading, the

2010 WHO adopted the system originally devised
and tested by the European Neuroendocrine
Tumor Society (ENETS), which grades PanNETs
based on the mitotic count and Ki-67 labeling
index. It is grade 1 if the mitotic rate is 0—1/10
HPFs or the Ki-67 index is below 3%, grade 2 if
the mitotic rate is 2-20/10 HPFs or the Ki-67
index is 3-20%, and grade 3 if either is above 20.
Recent studies have shown that the G3 category
actually includes at least two different tumor
types with different morphological, genetic, and
clinical features: histologically uniform NETSs
with an elevated proliferative rate and poorly dif-
ferentiated NEC with small cell or large cell mor-
phology [4, 105, 106]. For staging, the AJCC has
adapted the TNM-based staging system used for
adenocarcinomas, but the ENETS system is
somewhat different [107].

3.1.8 Acinar Neoplasms

Although acinar tissue constitutes most of the
pancreas, acinar neoplasms are rare, most being
acinar cell carcinomas. Acinar neoplasms are
characterized by the production of pancreatic
enzymes, such as trypsin, chymotrypsin, and
lipase. Solid acinar cell neoplasms are carcino-
mas; although a benign cystic variant exists,
known as acinar cell cystadenoma, no solid aci-
nar cell adenoma has been defined in the
pancreas.

Acinar cell carcinomas form relatively large
tumors (mean, 10 cm), usually in older men (mean
age, 63 years) [108—110], although some occur in
children [111]. In a small percentage of cases
(10%), patients experience a “lipase hypersecre-
tion syndrome” [112] characterized by subcutane-
ous fat necrosis, polyarthralgia, and peripheral
eosinophilia. Serum o-fetoprotein (AFP) levels
may be elevated in some cases [113]. Half of aci-
nar cell carcinomas have metastases at the time of
diagnosis, usually in the liver and/or regional
lymph nodes [114]. Once believed to be almost as
aggressive clinically as ductal adenocarcinomas
with a 5-year survival of 10% [114], more recent
studies place acinar cell carcinomas in a some-
what more indolent category [115] with some
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Fig.3.12 Acinar cell
carcinoma: it
commonly exhibits a
solid growth pattern,
with sheets and nests of
cells with moderate
amount of amphophilic
cytoplasm and minimal
lumen formation

studies reporting a 5-year survival over 40% [108,
110]. In contrast to ductal adenocarcinomas, aci-
nar cell carcinomas are stroma-poor cellular neo-
plasms with acinar cell differentiation, based on
morphology and immunohistochemical staining
for acinar enzymes, especially trypsin and chy-
motrypsin [115]. The cyanophilic acinar-appear-
ing cells typically exhibit granular cytoplasm and
centrally located nucleus with a prominent nucle-
olus. The cells are arranged in sheets and trabecu-
lar pattern [116] (Fig. 3.12). A subset of acinar
cell carcinomas is characterized by prominent
intraductal growth; such cases appear to be asso-
ciated with a more protracted clinical course [52,
53]. Molecular genetic findings of acinar cell car-
cinomas markedly differ from those of ductal
adenocarcinomas [117], with absence of the com-
mon alterations of ductal adenocarcinoma in
genes such as KRAS, TP53, P16, or SMADA4.
Immunohistochemistry discloses scattered
neuroendocrine cells in 30—40% of acinar cell
carcinomas. Some cases have a significant neu-
roendocrine component that may be evident
microscopically [115]. If the latter constitutes
more than 25% of the tumor, it is classified as
mixed acinar-neuroendocrine carcinoma, a
tumor that seems to be biologically similar to
pure acinar cell carcinoma [118, 119]. Similarly,
acinar cell carcinomas with more than 25% duc-
tal differentiation are classified as mixed acinar-

ductal carcinoma [120]. Rarely, acinar cell
carcinomas may show a grossly cystic pattern
and are designated acinar cell cystadenocarci-
noma [121, 122].

Acinar cell cystadenoma, also referred to as
acinar cystic transformation, is a rare entity [123,
124]. They are usually small, incidental cysts
lined by benign-appearing acinar cells, although
some may form a mass that measures a few cen-
timeters. The cysts may be patchily distributed
amidst pancreatic parenchyma. Typically, the lin-
ing cells are often nondescript and intermixed
with other cell types including nonmucinous
ductal-type cells. In fact, acinar cells may be a
relatively smaller population in the process.
Some cases show nodular growth of proliferating
acinar cells [125]. They are benign, non-clonal
processes [125].

3.1.9 Solid Pseudopapillary
Neoplasm

Solid-pseudopapillary neoplasms (SPNs) are rare
solid neoplasms of the pancreas and typically
occur in young women (mean age, 25 years; >80%
female) [126—129] although they can be encoun-
tered at any age and in men as well. It is a peculiar
neoplasm of unknown origin, and its obscure
nature is reflected in the various descriptive names
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Fig.3.13 Solid-
pseudopapillary
neoplasm: it shows
sheets of cells
punctuated by abundant
small blood vessels; the
tumor cells are
dyscohesive and have
degenerated, resulting
in the formation of
pseudopapillary
configuration

assigned to this tumor in the past, including papil-
lary cystic tumor; solid and papillary tumor, solid
and cystic tumor, and Frantz tumor [130-133]. Itis
a very indolent “malignant” neoplasm for which
complete resection is curative in most cases.
Metastases are very uncommon, usually to liver or
peritoneum and often at the time of diagnosis [129,
134]. Even patients with metastases appear to have
a protracted clinical course, and death as a result of
this tumor is rare [134]; however, very rare
examples of high-grade sarcomatoid malignant
transformation form a conventional solid pseudo-
papillary neoplasm [129].

Grossly SPNs are demarcated with solid (cellu-
lar) and cystic (degenerative) areas. Microscopically,
SPNs are often found to send projections into the
neighboring pancreas and entrap normal pancreatic
tissue at their edge. The tumor is composed of
bland-appearing cells with clear cell features and
uniform nuclear morphology arranged in sheets
and a pseudopapillary configuration (Fig. 3.13).
Characteristic pseudopapillae are acquired due to
degenerative changes and loss of cellular cohesion,
which leaves a thin layer of neoplastic cells lining
delicate vessels. Degenerative features include
foam cells, hyalinization, cholesterol clefts, micro-
cystic change, and hemorrhage. Hyaline globules

are frequently present. Overall, the histologic pic-
ture may resemble closely that of PanNETs. The
immunophenotype of this tumor is quite distinc-
tive but fails to disclose the line of differentiation
of the cells. The tumor typically expresses vimen-
tin, progesterone receptors, CD10, and some of
the neuroendocrine markers, in particular, CD56
and synaptophysin very commonly [126, 127,
135]. Chromogranin, the most specific neuroen-
docrine marker, is negative, which is important
for the differential diagnosis with PanNETs, and
pancreatic enzymes are not expressed. p-Catenin
and cyclin D1 expression have been found in
these tumors, suggesting an alteration in the WNT
signaling pathway. E-cadherin and N-cadherin
expressions are also abnormal [136, 137]. Paucity
of keratins, chromogranin, and positivity of
B-Catenin are helpful in distinguishing SPNs from
PanNETs.

3.1.10 Pancreatoblastoma

Pancreatoblastoma is an extremely rare child-
hood tumor of the pancreas (mean age of 4 years,
with a second small peak in the third decade)
[111, 138, 139]. Pancreatoblastomas are usually



2

Y. Xue et al.

Fig.3.14 Pancreatoblastoma:
it shows solid nests with
acinar lumen formation; focal
clusters of spindle cells in
whorled pattern (squamoid
corpuscle formation) is
pathognomonic

large (7-8 cm). Some cases are associated with
elevated serum AFP levels, and occasional cases
are seen in association with the Beckwith—
Wiedemann syndrome [140, 141] or familial
adenomatous  polyposis (FAP) syndrome
[142] or its relatives such as Gardner.
Pancreatoblastomas are malignant tumors with a
S-year survival of about 25%, although chil-
dren diagnosed before the development of
metastases have been cured [111, 138, 139].
Typically, pancreatoblastomas exhibit all three
lines of pancreatic differentiation — acinar,
neuroendocrine, and ductal — although acinar
elements are the most consistently present and
most abundant [139]. Microscopically, they
have sheets of primitive-appearing epithelial
cells and acinar formations. A characteristic
and peculiar microscopic finding is the so-
called squamoid corpuscles, which are small
morular arrangement of squamoid/meningo-
thelial-like cells specific for this tumor type in
the pancreas (Fig. 3.14). Molecular genetic
findings of pancreatoblastomas are associated
with p-catenin pathway alterations [117]. The
so-called squamoid corpuscles can be very
subtle in some cases appearing as zones of pal-
lor in the sea of monotonous blue cells but can
be highlighted by nuclear p-catenin expression
immunohistochemically.

3.1.11 Miscellaneous Cystic
Pancreatic Lesions

The most common cystic lesion in the pancreas,
accounting for 80% of all cystic lesions, is the
pseudocyst [143]. It most commonly occurs in
adult men as a complication of alcoholic pancreati-
tis, although it can rarely follow other types of pan-
creatitis as well (biliary, traumatic, etc.). They are
most often single but have been seen to be multiple
[144]. Most often, pseudocysts are round or oval;
however, they have been reported to be multilocu-
lar and irregular in shape [144]. Pathologically
pseudocysts are fundamentally postnecrotic resorp-
tion of peripancreatic/intrapancreatic adipose tis-
sue and typically do not affect the ducts unless the
inflammation fistulizes into the ducts. The micro-
scopic features vary by stage and often consist of
fibrosis and inflammatory tissue with resorbing fat
necrosis. Most are caused from large or small leaks
of the ductal system and persist because of the con-
stant filling by pancreatic secretions.

In addition to pseudocysts, other uncommon
cystic lesions can also occur in the pancreas.
Lymphoepithelial cysts are usually peripancreatic
rather than intrapancreatic, and they occur predom-
inantly in men (mean age, 52 years; male/female
ratio, 3: 1) [145]. In contrast to their salivary gland
counterparts, pancreatic lymphoepithelial cysts do
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Fig.3.15 Lymphoepithelial
cyst: the wall is lined by
squamous epithelium;
underlying the epithelium is
a dense band of
lymphocytes

not show associations with autoimmune syndromes,
human immunodeficiency virus, or lymphoma
[145]. Lymphoepithelial cysts may occur in any
part of the pancreas and may be unilocular or multi-
locular. They are characterized by variably keratin-
ized, squamous-lined cysts immediately surrounded
by a rim of lymphoid tissue, some with lymphoid
follicles and a capsule (Fig. 3.15). The cyst contents
may extrude into the cyst wall and cause an inflam-
matory reaction, including granulomas. Dermoid
cysts are very uncommon, are similar to lympho-
epithelial cysts but lack the lymphoid tissue and
show skin adnexal elements, including sebaceous
glands. Lymphangiomas are seen in young
women (mean age, 29 years; male/female ratio,
1:3) [146] and form endothelial-lined cysts sur-
rounded by a rim of lymphoid tissue. Congenital
cysts and intestinal duplications may also form
cystic lesions in the vicinity of the pancreas and
periampullary region. These may have a variable
lining, including respiratory type, intestinal,
squamous, or transitional.

3.1.12 Pseudotumors
As discussed in the section on ductal adenocarci-

noma, benign chronic inflammatory and fibros-
ing conditions of the pancreas may be difficult to

distinguish from carcinomas both clinically and

pathologically. Chronic pancreatitis of any
cause — including alcohol, obstruction, and even
causes with granulomatous inflammation — may
lead to segmental fibrosis and a tumorous mass
[147, 148]. However, certain subtypes of chronic
pancreatitis are especially prone to form pseudo-
tumors and mimic carcinomas [147-149].

In our experience, close to 8% of pancreatec-
tomies performed with the clinical conviction of
solid pancreas cancer prove to be pseudotumoral
pancreatitis [150, 151]. About 40% of these prove
to be nonspecific pancreatitis, often alcohol
related, and are often <2 cm. The second most
common source of pseudotumoral pancreatitis in
our experience in the USA is paraduodenal pan-
creatitis, followed by autoimmune pancreatitis.

Autoimmune pancreatitis (AIP), also called
lymphoplasmacytic sclerosing pancreatitis [152],
is often misdiagnosed as carcinoma preopera-
tively. AIP typically is seen in patients in their
30s—50s, and high serum immunoglobulin G4
(IgG4) levels are helpful in the preoperative
diagnosis [153-156]. It may be associated with
extrapancreatic manifestations of IgG4 related
diseases, such as sclerosing cholangitis, scleros-
ing sialadenitis, and retroperitoneal fibrosis [157].
Microscopically, dense periductal lymphoplasma-
cytic infiltrates, interstitial fibrosis with abundant
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myofibroblasts arranged in a storiform pattern,
and obliterative venulitis are characteristic.

Recently, a variant of AIP has been recog-
nized [158] and termed variably as type 2 auto-
immune pancreatitis or pancreatitis with
granulocytic epithelial lesions (GELs). This
type is more commonly seen in patients with
ulcerative colitis and does not seem to be asso-
ciated with IgG4-producing plasma cells but
rather shows neutrophilic destruction of the
duct epithelium [158]. This variant is difficult to
define and is extremely uncommon in our
experience.

Paraduodenal pancreatitis [159, 160] is the
name recently proposed for a distinct but poorly
recognized subset of chronic pancreatitis that cre-
ates a clinical picture often indistinguishable from
pancreatic or periampullary carcinoma. This
entity is also known as groove pancreatitis [149,
161-164] or cystic dystrophy of heterotopic pan-
creas [165, 166]. Affected patients are predomi-
nantly men in their 50s with a history of alcohol
abuse. Endoscopically, in the second portion of
the duodenum, proximal to the ampulla, mucosal
nodularities are present that microscopically
reveal inflamed mucosa, Brunner gland hyperpla-
sia, or myoid spindle cell proliferation in the sub-
mucosa that can also extend to the mucosa. These
pseudotumors are typically centered around the
minor papilla or accessory duct and thus invade
into the region between the common bile duct,
duodenum, and pancreas (i.e., the “groove”
region) [149, 161-164]. The process often exhib-
its a dense myofibroblastic proliferation within
which lobules of pancreatic tissue are scattered,
and cystic ducts contain inspissated enzymatic
secretions. In some cases, cystic change in the
duodenal wall can be prominent (cystic dystrophy
of the duodenum) and may become large (para-
duodenal wall cyst) [165, 166], mimicking pseu-
docysts, congenital cysts, or intestinal duplication.
Some of the cysts are lined by granulation tissue
without any epithelium.

Some developmental abnormalities also may
lead to pseudotumors. A solid and cystic hamar-
toma and a cellular hamartoma [167, 168] have
been reported to present as pancreatic tumors in

adults. Lipomatous pseudohypertrophy [169] of
the pancreas also may lead to a mass that could
be mistaken for carcinoma. Adenomyomatous
hyperplasia [170] of the ampulla — a common
finding in the general population, reported in
40% of autopsies — has been implicated as a
cause of biliary obstruction that mimics a peri-
ampullary carcinoma.

3.1.13 Mesenchymal Tumors

Primary mesenchymal tumors of the pancreas are
rare [171, 172], but mesenchymal tumors from
neighboring sites may secondarily involve the
pancreas. In particular, gastrointestinal stromal
tumors and retroperitoneal sarcomas may appear
to be centered in the pancreas. A variety of benign
mesenchymal tumors, including fibromatosis
(desmoid tumor), solitary fibrous tumor [173],
and schwannoma [146], have been reported in the
pancreas. Schwannomas in this region are often
cystic. Primary sarcomas include primitive neu-
roectodermal tumor [174], synovial sarcoma,
desmoplastic small round-cell tumor, leiomyo-
sarcoma, and malignant fibrous histiocytoma, all
of which are largely documented in single case
reports.

3.1.14 Secondary Tumors

A widely metastatic malignant neoplasm com-
monly may involve the pancreas; however, most
of these are clinically undetected lesions identi-
fied only at autopsy [175]. Autopsy studies have
shown that most secondary tumors involving the
pancreas are of pulmonary origin, followed by
gastrointestinal; however, a few metastatic
tumors are prone to involve the pancreas in the
absence of other metastatic foci, mimicking a pri-
mary carcinoma. Lymphomas and renal cell car-
cinomas [175, 176] seem to be the most common
tumor types responsible for such cases. Renal
cell carcinomas in particular are known to form
polypoid ampullary nodules or even to grow
within the ducts [175].
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Controversial Issues
in Pathological Diagnosis

Akio Yanagisawa

Of all types of pancreatic cancer, invasive duc-
tal carcinomas, even those that are <1 cm in
size, carry the poorest prognosis. To improve
the prognosis, it is necessary to make the diag-
nosis of ductal carcinoma as early as at the
stage of carcinoma in situ. In recent years, with
advances in diagnostic imaging, it has become
possible to perform surgery even after detec-
tion of subtle changes in the pancreatic duct by
imaging [1, 2]. Resected specimens from such
patients sometimes reveal no evidence of inva-
sive ductal carcinoma, but only histologically
recognizable atypical epithelial lesions in the
pancreatic duct. To allow carcinoma in situ to
be detected in clinical settings, it is important
to make an accurate pathological diagnosis of
such intraductal atypical epithelial lesions [2,
3]. To date, there are few data on the clinical
course and treatment of intraductal epithelial
atypia diagnosed thus. The diagnostic criteria
vary among pathologists [4-6]. In addition,
many studies are ongoing, in which the genes
involved in intraepithelial neoplasia are being
sought, so as to identify genes useful for the
diagnosis of carcinoma in situ [7, 8]. Twenty
years ago, studies were conducted to investigate
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the possibility of diagnosing carcinoma in situ
based on the presence of mutations in the
Ki-ras gene, which was discovered as an onco-
gene [9]. This investigation revealed that Ki-ras
mutations are also found histopathologically in
epithelial mucous cell hyperplasia. Thus, it
was established that detection of mutations of
the Ki-ras oncogene is not sufficient for the
diagnosis of carcinoma in situ. Thereafter,
while extensive gene searches have been con-
ducted to identify genes useful for the diagno-
sis of carcinoma in situ, no gene mutations
contributing to the histological diagnosis have
been identified yet. At present, there are no
specific genes that can allow the diagnosis of
carcinoma in situ to be reliably established.

As described above, the histopathological
diagnosis of carcinoma in situ is controversial.
The author has investigated carcinoma in situ
lesions adjacent to invasive carcinomas using
numerous resected specimens and established
criteria for the histopathological diagnosis of car-
cinoma in situ.

In this chapter, we present histological
images of our actual histopathological diagnosis
of carcinoma in situ to show the characteristics
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of the atypia useful for the diagnosis of carci-
noma in situ.

These histological images are presented in
different scales to allow reasonable compari-

Fig.4.1 (a, b) Normal
pancreatic duct epithe-
lium. (b) A magnified
image. Epithelial lining
composed of a single layer
of cuboidal cells

sons of the cells and lesions. Please note the
scale of each image for comparison of size
(Figs. 4.1,4.2,4.3,4.4,4.5,4.6,4.7,4.8, 4.9,
4.10, and 4.11).
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Fig.4.2 (a) Carcinoma in
situ composed of a single
cell layer. (b) A magnified
image. Epithelial lining
composed of a single layer
of cuboidal cells. The case
was diagnosed as
carcinoma in situ, because
the cells composing the
epithelium are larger in
size than those shown in
Fig. 4.1a. The normal
epithelial cell count (Fig.
4.1b) is about 20

cells/100 pm. However,
the epithelial cell count in
this image is about 10
cells/100 pm, with the cell
size being about twofold
larger. The nuclear shape
is irregular
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Fig.4.3 (a) Carcinoma in
situ in a single layer of tall
columnar cells. (b) The
cells have spindle-shaped
nuclei and show milder
nuclear atypia than that
observed in Fig. 4.2.
However, the case was
diagnosed as carcinoma in
situ based on the
following findings: a clear
border was seen between
the nonneoplastic
epithelium and atypical
cells, and the cell density
was high, with the nuclei
located away from the
base of the cells and
spaced irregularly
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Fig.4.4 (a) Carcinoma in
situ in a single layer of
cells, partly showing
low-papillary growth. (b)
It is difficult to differenti-
ate between carcinoma
and epithelium with
atypia, because in a single
layer of cells, the cells are
relatively small in size
and show less severe
atypia. The area showing
papillary growth was
diagnosed as carcinoma
based on the presence of
cellular and structural
atypia. Since the cells in
the single cell layer are
similar to the cells in the
area showing papillary
growth, the lesion was
diagnosed as carcinoma in
situ
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Fig.4.5 (a, b) Epithelial
mucous cell hyperplasia.
Cells in mucous cell
hyperplasia show a high
frequency of point
mutations in the Ki-ras
oncogene and therefore
are determined to be
neoplastic by genetic
analysis. However,
clinically, even over
long-term observation,
these cells remain
unchanged in morphology,
being neither invasive nor
metastatic. Therefore,
histopathologically, such
cells are diagnosed as
mucous cell hyperplasia,
which is regarded as a
benign lesion
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Fig.4.6 (a) Glandular
hyperplasia: prolifera-
tion of glandular ducts
composed of epithelial
mucous cell hyperplasia.
(b) Proliferation of
glandular ducts
composed of cells
similar to those shown
in Fig. 4.5 is observed

SN .'I
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Fig.4.7 (a) Carcinoma in
situ showing proliferation
of glandular ducts
composed of cells
containing abundant
mucus in the cytoplasm,
similar to the cells shown
in Fig. 4.6. (b)
Proliferation of glandular
ducts composed of a
single layer of cells
containing abundant
mucus in the cytoplasm is
observed, as shown in
Figs. 4.5 and 4.6. The
lesion was diagnosed as
carcinoma in situ, because
the sizes of the cells
composing the glandular
epithelium are not
uniform, and the nuclei
are spaced irregularly, as
compared to the regularly
spaced nuclei located in
the basal portion of the
cells shown in Figs. 4.5
and 4.6
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Fig.4.8 (a) A benign
lesion with a low-papil-
lary pattern. (b) The
low-papillary lesion with
stroma in the central area
shows mild structural
atypia. Cells composing
the low-papillary lesion
are similar to those
containing abundant
mucus in the cytoplasm
shown in Fig. 4.5. Nuclei
are spaced regularly and
located in the basal
portion of the cells. A
benign lesion was
diagnosed based on the
absence of cellular and
structural atypia
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Fig.4.9 (a) Carcinoma
in situ composed of
low-papillary lesions.
(b) This is a lesion that
needs to be differentiated
as to whether itis a
carcinoma or noncancer-
ous epithelium. It was
diagnosed with
carcinoma in situ. The
lesion was diagnosed as
carcinoma because there
is very little stroma in
the center of the
low-papillary lesion, and
the cells show severe
structural atypia. In
addition, the cells
composing the low-
papillary lesion are
arranged in the basal
layer and show marked
anisonucleosis, irregular
nuclear shapes, and
severe cellular atypia
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Fig.4.10 (a) Carcinoma
in situ composed of
low-papillary proliferative
lesions. (b) Similar to the
case shown in Fig. 4.9,
this is also a lesion that
needs to be differentiated
as to whether it is a
carcinoma or noncancer-
ous epithelium. It was
diagnosed with carcinoma
in situ, because the cells
composing the lesion were
smaller in size than those
composing the lesion
shown in Fig. 4.8 but
showed marked aniso-
nucleosis. In addition, the
cells were arranged
irregularly, and there was
very little stroma in the
center of the papillary
proliferative lesion
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Fig.4.11 (a) Carcinoma
in situ composed of
low-papillary proliferative
lesions. (b) Carcinoma in
situ with low-papillary
growth. The carcinoma in
situ was detected at the
cut surface at the time of
the surgical resection.
About 10 months after the
surgery, recurrence at the
cut surface was detected
as advanced cancer
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Operative Specimen Handling
and Evaluation of Resection

Margins

Caroline Sophie Verbeke

5.1 Introduction

Specimen dissection is the first step in the pathol-
ogy reporting process. It is an important determi-
nant of the overall quality of the pathology
examination of a pancreatic cancer specimen,
because suboptimal macroscopic examination
and tissue sampling will significantly limit the
accuracy of reporting on key data items such as
tumour size and stage, lymph node and resection
margin status and cancer origin. Unfortunately, a
lack of consensus regarding specimen grossing
has resulted in divergence of reported results and
limited comparability of data from different stud-
ies and pancreatic centres [1-4].

This chapter provides a detailed account of the
handling and examination of surgical pancreatic
cancer specimens with, where appropriate, refer-
ence to (inter-)national recommendations and
guidelines. Evaluation of the resection margins
will be described at the various stages of the
specimen grossing procedure, and an in-depth
discussion follows in Sect. 5.9.
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5.2  Specimen Orientation

and External Inspection

Various surgical resection procedures result in a
variety of specimens. By far, the most common
are pancreatoduodenectomy and distal pancre-
atectomy specimens, which will be discussed in
this chapter.

5.2.1 Pancreatoduodenectomy

Specimens

5.2.1.1 Specimen Orientation

Correct specimen orientation is the prerequisite
for accurate macroscopic examination. Due to
the complexity of the local anatomy, orienta-
tion of pancreatoduodenectomy specimens —
resulting from a classical Whipple’s procedure
or a pylorus-preserving approach — may be dif-
ficult for the less experienced pathologist.
Therefore, several national guidelines recom-
mend that the surgeon marks one or multiple
surfaces of the pancreatic head with a suture or
with ink, according to a locally agreed protocol
[5-8]. If inking is preferred, it is advisable that
this is limited to only one surface of the pancre-
atic head, such that external specimen inspec-
tion by the pathologist is minimally interfered
with. Usually, the surface facing the superior
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Fig.5.1 View onto the medial aspect of a pancreatoduo-
denectomy specimen. Note the ovoid-shaped pancreatic
transection margin with a dilated main pancreatic duct
(MPD). The groove of the superior mesenteric vein (black
arrows) is slightly curved and has a shiny surface. In con-
trast, the surface facing the superior mesenteric artery
(Sma) is rough and fibrous

mesenteric vein (SMV) or superior mesenteric
artery (SMA) is inked, because this allows
unequivocal identification of the other
surfaces.

For the identification of the various surfaces
of the pancreatic head, it is best to start with the
transection margin of the pancreatic neck, which
is easily recognizable by its characteristic ovoid
shape and the more or less centrally placed and
often dilated main pancreatic duct (Fig. 5.1).
Once this structure is identified, the surface fac-
ing the SMV is found immediately posterior to
the transection margin of the pancreatic neck. It
runs along the medial aspect of the pancreatic
head and has the shape of a slightly curved
groove, the so-called SMV groove (Fig. 5.1). It
has a smooth, often slightly shiny surface and is
usually slightly deeper at the level of the pancre-
atic neck and flattens out in its more caudal part.
Following the SMV groove up to its cranial end
will lead to the transection margin of the com-
mon bile duct. The extrapancreatic bile duct
stump is usually short — up to approximately
10-15 mm in length — and may be closed with a
suture. Located medial and slightly posterior to
the SMV groove lies the surface that faces the
SMA. As this is the area where the surgeon
sharply dissects the peripancreatic soft tissue

from the artery, the SMA surface has a rougher
texture (Fig. 5.1). At the back of the pancreatic
head, between the SMA surface and the poste-
rior aspect of the duodenum lies the posterior
surface, which is usually flat and slightly fibrous.
The anterior surface of the pancreatic head is
located between the anterior aspect of the duode-
num and the SMV groove. It is usually smooth
and shiny and can be covered with a variable
amount of adipose tissue that blends in with the
peripyloric adipose tissue and transverse
mesocolon.

5.2.1.2 External Examination

In many instances, the presence of a pancreatic
cancer may not be visible on external inspec-
tion of a pancreatoduodenectomy specimen.
Occasionally, however, the tumour may cause
bulging of a surface or irregularity of the duo-
denal mucosa or papilla of Vater. In particular,
narrowing of the SMV groove or irregularity of
its surface may indicate the presence of a tumour.
In a similar way, the presence of an adherent seg-
ment or sleeve resection of a vein (SMV or por-
tal vein) or artery (e.g. the hepatic artery)
indicates tumour infiltration. Palpation will usu-
ally confirm the presence of an indurated
tumour mass.

External examination can also reveal a variety
of other pathological conditions, such as a tumour
of the papilla or ampulla of Vater, dilatation of
the papilla with oozing of mucus in case of intra-
ductal papillary mucinous neoplasia or a rare
annular pancreas that surrounds the entire duode-
nal circumference.

5.2.2 Distal Pancreatectomy
Specimens

Orientation of distal pancreatectomy speci-
mens is straightforward, especially as cancer
specimens always include the spleen. Further
helpful with specimen orientation is the
presence of the splenic vessels, which run along
the superior border of the pancreatic body and
tail (Fig. 5.2).
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Panc TM

Fig.5.2 View onto the posterior aspect of a distal pancre-
atectomy specimen following laparoscopic procedure.
Note the staple lines on the pancreatic transection margin
(Panc TM) and the transection margins of the splenic
artery (Spl a TM) and vein (Spl v TM)

5.3  Specimen Fixation

5.3.1 Specimen Handling Prior
to Fixation

To allow biobanking of fresh tissue samples, pancre-
atic resection specimens must be received unfixed,
on ice, transported directly from surgical theatres (see
also Sect. 5.10). The distal stomach and/or duode-
num are opened longitudinally with scissors and
rinsed. To avoid transection of a periampullary
tumour, the duodenum should be opened along its
antimesenteric aspect after careful probing with a
finger. The gallbladder is opened longitudinally
and rinsed. The specimen should not be pinned on a
cork plate, as this is unnecessary and delays fixation.

5.3.2 Specimen Fixation

Fixation in buffered formalin should be approxi-
mately 48 h. The centre of the pancreatic head may
not be fully fixed after 48 h; however, longer fixation
of the specimen risks extensive autolytic change.
Therefore, it is better to dissect the specimen after
48 h and leave the cassetted tissue samples in forma-
lin for a few hours, which will complete the fixation
process swiftly. Focal opening of a large cystic lesion,
allowing the cyst content to drain and formalin to
enter the cavity, will expedite fixation and ensure
better preservation of the cavity-lining tissue.

5.4  Inking of the Specimen

Surface

Inking of the specimen surfaces serves a dual
purpose. It helps with orientation during macro-
scopic and microscopic examination, and it
allows unequivocal microscopic identification of
the true specimen surface, which is important for
accurate margin assessment.

Inking is easiest done after specimen fixation,
because inks stick better to fixed than fresh tissue
surfaces. So-called bleeding of colours can be
reduced by spraying 10% acetic acid onto the
freshly applied ink. Should inking of a fresh speci-
men be required, the use of ground dry pigment
dissolved in acetone may be considered. The use
of acetone as a dissolvent ensures rapid drying of
the dye, which reduces bleeding of colours.

The various specimen surfaces should be inked
in different colours according to a locally agreed
colour code. In pancreatoduodenectomy speci-
mens, five different surfaces are discerned, whose
identification and examination is part of the margin
status assessment (Fig. 5.3) [9-11]. The surfaces
of the pancreatic head are — as outlined in

Extrapancreatic
common bile duct

Anterior
surface

[

SMV
surface

Fig.5.3 Circumferential resection margins of pancreato-
duodenectomy specimens are inked in different colours:
red, anterior; green, facing the superior mesenteric vein
(SMV); yellow, facing the superior mesenteric artery
(SMA); blue, posterior; purple, around the extrapancre-
atic common bile duct (With permission of Springer,
Pathology of the pancreas — a practical approach, [10],
Fig. 3.4, p. 31)
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Sect. 5.2.1.1 —the anterior and posterior surface, the
SMV groove and the SMA surface. Although the
anterior surface is not a true resection margin but an
anatomical surface that faces the lesser sac, inclu-
sion of this surface in the assessment is important, as
involvement of this surface increases the risk of can-
cer recurrence [12]. A further margin consists of the
circumferential surface of the extrapancreatic com-
mon bile duct. Examination of the various specimen
surfaces and resection margins is discussed in detail
in Sect. 5.9.

In distal pancreatectomy specimens, two sur-
faces are discerned and inked: the anterior and
posterior surface [10, 11]. If the transection mar-
gin of the splenic vessels is of particular concern
(Fig. 5.2), this small area may also be inked in a
separate colour, such that it can be easily identi-
fied during specimen dissection, tissue sampling
and microscopic examination.

Pancreatic specimens resulting from an
extended resection include one or more additional
structures or organs, e.g. a part of the SMV,
(meso-)colon or small bowel in extended pancre-
atoduodenectomy specimens, and the left adrenal
gland, part of the stomach or left colon in extended
distal pancreatectomy specimens. In such
instances, additional surfaces or resection margins
must be inked, depending on the individual case.

For practical purposes, it is best to carefully
remove without tissue disruption any surgical
sutures, clips or staples prior to inking, as the
presence of these may render specimen dissec-
tion difficult.

5.5 Specimen Dissection

Specimen dissection takes a central place in the
macroscopic examination process. Its purpose is to
reveal lesions and display them in a way that is
conducive to accurate description and assessment
as well as optimal tissue sampling. Currently, three
dissection techniques are being used worldwide:
the bi- or multivalving technique, the bread loaf
slicing approach and the axial slicing technique [9,
10]. The principal difference between these three
dissection techniques is the plane of sectioning. In

the bi- or multivalving technique, the specimen is
sliced along the plane that is defined by probes
inserted in the main pancreatic duct and common
bile duct (Fig. 5.4). According to the bread loaf
slicing technique, the specimen is sliced along a
plane that is parallel to the transection margin of
the pancreatic neck (Fig. 5.5). With the axial slic-
ing technique, pancreatoduodenectomy specimens
are serially sliced in the axial plane, i.e. along the
plane that is perpendicular to the longitudinal axis
of the descending part of the duodenum (Fig. 5.6).
It is the same plane as the one that is used for com-
puterized tomography (CT) imaging of the pan-
creas. The following sections will provide a
detailed description of the axial slicing technique
for pancreatoduodenectomy specimens and dis-
cuss the advantages of this technique compared to
other approaches. Dissection of distal, total and
extended pancreatectomy specimens will be dis-
cussed separately.

5.5.1 Axial Slicing
of Pancreatoduodenectomy

Specimens

Dissection according to this technique does not
require any further specimen preparation, and,
in particular, the main pancreatic duct or distal
common bile duct should not be probed or
opened. If a metal stent is present in the com-
mon bile duct and it cannot be removed by gen-
tle pulling, the metal mesh should be opened by
cutting several wires, following which wires can
be extracted individually using small pliers.
Plastic stents can remain in situ as they do not
hinder specimen dissection. Slicing of a fixed
specimen in the axial plane is technically easy;
hence, specimen slices can be thin (3 mm), and
a pancreatoduodenectomy specimen will result
in at least 10, often 12—14 or more slices. Using
a long dissection knife and pulling it steadily
across the specimen with long violin bow
strokes ensure that the cut surface of the speci-
men will be smooth and even. Specimen slices
are laid out in sequential order, the inferior side
facing upward (as on CT imaging), as illustrated
in Fig. 5.7.
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Fig.5.4 Bi- or multivalving of
pancreatoduodenectomy
specimens. The specimen is
sliced along the plane defined
by the pancreatic and common
bile duct. The resulting
specimen slices are large and
usually require further
dissection, e.g. in a plane
parallel to the pancreatic
transection margin (With
permission of Elsevier, from:
Verbeke [9], Fig. 2)

Fig.5.5 Bread loaf slicing technique of
pancreatoduodenectomy specimens. The
specimen is serially sliced along the plane
that is parallel to the transection margin of
the pancreatic neck (With permission of
Elsevier, from: Verbeke [9], Fig. 3)
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Fig.5.6 Axial specimen
dissection of
pancreatoduodenectomy
specimens. The specimen
is serially sliced in a plane
perpendicular to the
longitudinal axis of the
descending duodenum.
The resulting specimen
slices at various levels
have a characteristic
configuration (With
permission of Elsevier,
from: Verbeke [9], Fig. 4)

Fig. 5.7 Axial specimen slices of a pancreatoduode-
nectomy specimen are laid out in sequential order, from
cranial (top left) to caudal (bottom right). Fourteen thin
specimen slices provide detailed views on the local
anatomy. Abbreviations: AMP ampulla, ANT anterior
surface, CBD common bile duct, DUO duodenum,

MPD main pancreatic duct, NECR necrosis, POST pos-
terior surface, SMA superior mesenteric artery, SMV
superior mesenteric vein, 7U tumour (With permission
of Springer, Pathology of the pancreas — a practical
approach, [10], Fig. 3.10, p. 33)
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5.5.2 Advantages of the Axial
Slicing Technique

Compared to the bi- or multivalving and bread
loaf slicing techniques, axial specimen slicing
has the following advantages:

e Technical ease: slicing in the axial plane is easy
to perform, especially because the duodenum is
transected cross-sectionally (in contrast to the
bread loaf slicing technique, according to
which the duodenum is sliced longitudinally).

e Universal applicability: all pancreatoduode-
nectomy specimens can be dissected by axial
slicing, irrespective of the pathology — neo-
plastic or nonneoplastic — they contain. This is
important, as the correct diagnosis is often
unknown preoperatively.

e Standardized display: as the plane of dissection
(axial) is fixed, the local anatomy of the pancreas
and adjacent structures is always displayed in
the same fashion. This allows straightforward
identification of pathological changes and recog-
nition of anatomical variation, which is not
uncommon in this area. In contrast, because the
plane of sectioning of the bi- or multivalving
technique is defined by probes in the common
bile duct and pancreatic duct, and the position of
these varies between individual patients, dissec-
tion varies between specimens. As a conse-
quence, it is more difficult to compare findings
between various cases. By using a single fixed
plane — the axial plane — macroscopic findings
in axial specimen slices are as easily and univer-
sally “readable” by pathologists from different
centres as findings on CT imaging can be inter-
preted by radiologists worldwide.

e Thin specimen sections: as axial slicing is easy
to perform, numerous thin specimen slices can
be cut, which allow detailed views on local
anatomy and pathological changes throughout
the pancreatic head and adjacent structures.

e Detailed display of the periampullary region:
thin axial specimen slices allow detailed exami-
nation of the minute structures of the major
ampulla and papilla, the junction with the main
pancreatic duct and common bile duct and the
adjacent duodenum (see Sect. 5.6.1). Unlike the

bi- or multivalving technique, which requires
“releasing cuts” through the periampullary
area [13], there is no need for additional dis-
section when using the axial slicing approach.

e Comprehensive and accurate margin assess-
ment: in each axial specimen slice, all circum-
ferential margins of the pancreatic head can be
inspected. As such, the relationship of the
tumour to the margins can be evaluated at mul-
tiple levels along the entire craniocaudal length
of the pancreatic head. Multiple studies and a
recent meta-analysis have shown that the
detection of margin involvement is more accu-
rate when using the axial slicing technique
than any other dissection method [4, 14-16].

e Easy tissue sampling: because axial specimen
slices are thin, tissue samples can be excised from
the slices and directly transferred to the tissue
cassettes without the need for further dissection.

o Communication with clinical colleagues:
because the axial specimen slices display the
local anatomy and pathological changes in the
same way as they appear on CT imaging, find-
ings are readily understandable by surgeons,
oncologists and radiologists (Fig. 5.8).

SmalN

Post LN

Post

Fig. 5.8 Axial specimen slices of pancreatoduodenec-
tomy specimens provide a view on the local anatomy that
is similar to that seen on CT images. Note the main pan-
creatic duct (*) and distal common bile duct (**), which
are partially involved by tumour. Abbreviations: Ant ante-
rior surface, Duo duodenum, Post posterior surface, Post
LN posterior pancreatoduodenal lymph node, Sma surface
facing the superior mesenteric artery, Sma LN lymph
nodes in the adipose tissue facing the superior mesenteric
artery, Smyv surface facing the superior mesenteric vein
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5.5.3 Dissection of Distal and Total
Pancreatectomy Specimens

Distal pancreatectomy specimens are dissected
by serial slicing in the sagittal plane [5, 6, 8, 10,
11, 17]. Longitudinal opening of the main pan-
creatic duct is not recommended, because it may
be technically difficult, it disrupts the specimen
surface (and thus interferes with margin assess-
ment) and does not result in a better display of
lesions than by sagittal slicing. Total pancreatec-
tomy specimens are best dissected by a combined
axial and sagittal slicing technique. The point of
change from axial to sagittal slicing may be
moved towards the pancreatic body, depending
on the site of a centrally located tumour and the
involvement of resected segments of artery or
vein.

5.5.4 Dissection of Extended
Pancreatectomy Specimens

Dissection of these specimens may require
deviation from the standard protocol, although in
almost all instances, the pancreatic part of the
extended resection specimen will be dissected as
described in Sects. 5.5.1 and 5.5.3 (Fig. 5.9).

Small bowe

Duodenum

Fig. 5.9 Specimen resulting from an extended pan-
creatoduodenectomy with resection of a loop of small
bowel that is adherent to the anterior surface of the
pancreatic head. Note that the bowel wall proper is
clear of tumour

5.6 Macroscopic Examination

The aim of the macroscopic examination of dis-
sected specimens is to obtain an accurate record of
the tumour: the appearance of the tumour, its size
and extent, and its exact location and relationship
to anatomical structures, specimen surfaces and
margins. Furthermore, assessment of the relation-
ship of the tumour to anatomical structures other
than those of relevance for T-staging of pancreatic
cancer [18, 19] is of particular interest to surgical
and radiology colleagues regarding the preopera-
tive assessment of resectability and patient selec-
tion. Equally important, the exact location of the
tumour with respect to the bile duct, ampulla and
duodenum is crucial for the identification of the
cancer origin. Indeed, the distinction of pancreatic
ductal adenocarcinoma from cancer of the com-
mon bile duct, ampulla or duodenum is primarily
determined by the localization of the centre of the
tumour mass, a finding that is appreciated macro-
scopically and confirmed microscopically [3]. The
following sections provide guidance for the identi-
fication of such anatomical structures.

Identification of Anatomical
Structures in
Pancreatoduodenectomy
Specimens

5.6.1

e The intrapancreatic common bile duct runs
obliquely through the posterior aspect of the pan-
creatic head. It can be distinguished from the
main pancreatic duct by its thicker wall (1-2 mm),
the possible presence of green-stained bile and/or
a stent in the lumen, the absence of communicat-
ing branch ducts and its more posterior position
within the pancreatic head (Fig. 5.10).

e The main pancreatic duct lies medial to the
common bile duct and has a thin, membranous,
cream-coloured wall. Occasionally, communi-
cation with branch ducts may be visible mac-
roscopically, if the latter are dilated (Fig. 5.10).

e The ampulla of Vater is an olive-shaped firm
nodular structure that straddles the duodenal
wall. The slightly elevated duodenal mucosa
surrounding the draining ampullary channel is



5 Operative Specimen Handling and Evaluation of Resection Margins 75

Duodenurm

Fig. 5.10 Compared to the main pancreatic duct, the
common bile duct has a thicker wall and lies more poste-
rior in the pancreatic head. Note the presence of a plastic
stent in the bile duct. Abbreviations: Ant LN anterior pan-
creatoduodenal lymph node, CBD common bile duct,
MPD main pancreatic duct, Post LN posterior pancreato-
duodenal lymph node, Sma LN lymph node in the adipose
tissue facing the superior mesenteric artery

Fig. 5.11 The junction of the main pancreatic duct and
common bile duct at the ampulla of Vater seen in three
sequential (cranial to caudal) axial specimen slices (a—c).
(a) Note the thicker wall of the common bile duct compared
to the main pancreatic duct. (b) The distal common bile
duct joins the ampulla, which is a slightly nodular structure.
Note that the main pancreatic duct at this level has not yet

the papilla of Vater. The junction of the
ampulla with the main pancreatic duct lies a
few millimetres caudal to the junction with the
common bile duct (Fig. 5.11).

e The minor ampulla is a similar, albeit much
smaller nodular structure across the duodenal
wall (Fig. 5.12). The overlying minor papilla
is often no more than a 2-3 mm large eleva-
tion of the duodenal mucosa, which is typi-
cally located 10-20 mm proximal to the
papilla of Vater. It drains the Santorini duct,
which is very small (ca. 1 mm in diameter)
and therefore not often seen (Fig. 5.12).

e The gastroduodenal artery is the larger of
both arteries that are included in a standard
pancreatoduodenectomy specimen. It runs
through the anterior peripancreatic adipose
tissue before dividing into pancreatoduodenal
branches (Fig. 5.11, see also Fig. 5.14). On
external examination, the artery may be visi-
ble as a very short stump, often with a surgi-

joined the ampulla. (¢) The main pancreatic duct joins the
ampulla at a level that lies just caudal of the junction
between the ampulla and common bile duct (as depicted in
b). Note the dilatation of the main pancreatic duct due to a
small ampullary tumour. Abbreviations: AMP ampulla of
Vater, AMP TU ampullary tumour, CBD common bile duct,
GDA gastroduodenal artery, MPD main pancreatic duct
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Fig. 5.12 The minor ampulla forms a small nodular
structure across the duodenal wall. Abbreviations: CBD
common bile duct, MIN AMP minor ampulla, MPD main
pancreatic duct

Post LN Sma LN

Fig. 5.13 The inferior pancreatoduodenal artery is
located in the adipose tissue that faces the superior mesen-
teric artery at or below the level of the ampulla of Vater.
Abbreviations: IPDA inferior pancreatoduodenal artery,
MPD main pancreatic duct, Post LN posterior pancreato-
duodenal lymph node, Sma LN lymph node in the adipose
tissue facing the superior mesenteric artery, Smy surface
facing the superior mesenteric artery

cal suture, at the superior aspect of the
pancreatic head.

e The inferior pancreatoduodenal artery is the
smaller of both arteries contained in a stan-
dard pancreatoduodenectomy specimen. It
can been seen in the peripancreatic adipose
tissue facing the SMA in axial specimen slices
through the caudal half of the pancreatic head
(Fig. 5.13). The artery forms often a small
plexus with two or more vascular lumina.

e In case of an extended surgical procedure
with resection of the SMV or portal vein, the

venous segment will obviously be found
adherent to the SMV groove (Fig. 5.14).

¢ In case of resection of the hepatic artery, the
arterial segment will be found on the cranial
aspect of the pancreatic head, close to the
gastroduodenal artery (Fig. 5.15).

Fig.5.14 Pancreatoduodenectomy specimen with resec-
tion of the superior mesenteric vein. (a) A 3 cm long seg-
ment of the superior mesenteric vein lies adjacent to the
pancreatic transection margin. (b) An axial specimen slice
shows a large tumour, which infiltrates the stented com-
mon bile duct, a posterior pancreatoduodenal lymph node
and soft tissue at the surface facing the superior mesen-
teric artery. Note that the tumour grows close to the
venous resection, gastroduodenal artery and main pancre-
atic duct. (¢, d) A histological section taken from the
resected vein (¢, boxed area viewed in d) shows that the
tumour (small arrows) infiltrates the adventitial layer of
the venous wall and extends onto the specimen surface
immediately adjacent to the adherent vein (d, large
arrow). Abbreviations: CBD common bile duct, GDA gas-
troduodenal artery, MPD main pancreatic duct, Panc TM
pancreatic transection margin, Post LN posterior pancre-
atoduodenal lymph node, Sma surface facing the superior
mesenteric artery, SMV venous resection; * incision for
biobanking
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Fig.5.14 (continued)

Hepatic artery <
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Fig.5.15 Pancreatoduodenectomy specimen with resec-
tion of the hepatic artery. (a) An axial slice from the top of
the pancreatic head shows a large tumour with infiltration
of the duodenal wall and the soft tissue around the resected
arterial segment. (b) The corresponding histological sec-
tion shows extensive tumour infiltration (blue shading).

The areas surrounded by full and dotted lines are shown at
high magnification in (e, d), respectively. (¢) Tumour
infiltrates up to, but not into the arterial wall. (d) Tumour
reaches the specimen surface immediately adjacent to the
adherent arterial segment (R1, arrow)
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Identification of Anatomical
Structures in Distal
Pancreatectomy Specimens

5.6.2

As outlined in Sect. 5.2.2, the splenic artery and
vein run along the superior border of the pan-
creatic body and tail. Proximally, before reach-
ing the coeliac trunk and SMYV, respectively,
both vessels take up a slightly more caudal
position, midway the posterior pancreatic sur-
face (Fig. 5.2).

5.6.3 Macroscopic Description

As a general rule, any pathological change should
be recorded in terms of appearance, size, location
and relationship to relevant anatomical structures
and specimen margins. In addition, the dimen-
sions of the various constituent structures of the
surgical specimen should be recorded. Recording
of macroscopic findings should be in accordance
with (inter-)national guidelines and minimum
data sets. The size of a tumour — or any other
abnormality — should be recorded for three dimen-
sions. Both dimensions in the axial plane can be
easily measured in the axial specimen slices,
while the craniocaudal dimension can be calcu-
lated by multiplying the slice thickness with the
number of slices in which the lesion is present.
The anatomical structures described in
Sects. 5.6.1 and 5.6.2, as well as the duodenum
and peripancreatic adipose tissue, are impor-
tant anatomical landmarks for the description
of the localization and extent of a tumour.
Description can and should be as detailed as
that stated in radiology reports, such that pre-
operative imaging and pathology findings can
be correlated carefully, and useful feedback
regarding tumour resectability and patient
selection can be provided. Furthermore, the
commonly encountered but clinically irrelevant
statement of “head of pancreas” as the localiza-
tion of a tumour in a pancreatoduodenectomy
specimen can be replaced by a clinically more
meaningful detailed description of the three-
dimensional position and extent of the tumour.

5.7 Photodocumentation
Photodocumentation of the macroscopic find-
ings is highly recommended [8, 17, 20].
Photographs should be taken in close-up, such
that the specimen slice or lesion fills the camera
viewer (e.g. Fig. 5.10). Furthermore, an over-
view photograph of the specimen slices lined
up in sequential order may also be helpful
(Fig. 5.7).

Photodocumentation serves several purposes.
First, it is of great help during microscopic exam-
ination, as close-up photographs of individual
specimen slices allow accurate tissue orientation.
In addition, it gives direct feedback to the pathol-
ogist regarding his or her interpretation of macro-
scopic changes, which in the long term is of
significant educational value. Second, the photo-
graphs are very useful for case discussion with
surgeons and radiologists, who can easily recog-
nize the findings due to the similarity in display
with CT imaging. Third, photodocumentation
allows review of the macroscopic findings, which
is an essential complement to microscopic slide
review. Because key data, in particular the origin
of the cancer in pancreatoduodenectomy speci-
mens — the pancreas, ampulla, bile duct or duode-
num — is first and foremost based on a detailed
macroscopic examination [3], the possibility to
review this part of the pathology reporting pro-
cess is essential for the provision of second opin-
ion on an individual case or for central review
and systematic quality assessment of a case
series.

5.8 Tissue Sampling

Tissue sampling plays a critical role, as it is at
this point of the grossing procedure that the deci-
sion is taken as to which parts of the tumour will
be available for microscopic examination. Tissue
sampling of pancreatic tumours, in particular
those in the pancreatic head, is challenging for
two reasons. First, in this area of complex anat-
omy, multiple samples are required to examine
and document the relationship of the tumour to
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several important structures. The same require-
ment exists when sampling from extended pan-
creatic resection specimens. Second, pancreatic
cancer, i.e. ductal adenocarcinoma, is typically
poorly circumscribed, such that the outlines of
the tumour are difficult or hardly identifiable by
naked-eye inspection. The reason for this is first
and foremost the highly dispersed growth pat-
tern of pancreatic cancer, which is particularly
pronounced in the periphery of the tumour [21,
22]. Indeed, invasive tumour cells and cell clus-
ters are microscopically often found well beyond
what macroscopically appeared to be the edge of
the tumour. In addition, atrophy and fibrosis of
pancreatic parenchyma adjacent to the invasive
tumour edge further blur the distinction between
tumour and nonneoplastic parenchyma. Hence,
the general principle of targeted sampling, i.e.
taking tumour tissue from areas with macro-
scopically visible tumour involvement, is not
appropriate for pancreatic cancer, as it may lead
to significant underestimation of the size and
extent of the tumour and, consequently, under-
reporting of the T- and R-stage [13, 21, 23]. Not
surprisingly, the rate of detection of microscopic
margin involvement (R1) increases with the
number of tissue blocks that are sampled from
the tumour and adjacent specimen surfaces [14].
For the reporting of cancer specimens to be
accurate, extensive tissue sampling is required,
particularly from the tumour periphery, includ-
ing areas without clear macroscopically visible
tumour involvement. How extensive sampling
should be, depends on the ambiguity of the gross
findings [8].

5.8.1 Sampling Technique

Based on the above-described limited reliability of
naked-eye assessment of the tumour outlines, it is
important that samples from the tumour — or pos-
sible tumour-involved tissues — are taken en bloc
with adjacent tissues and structures of interest
(Fig. 5.16). The use of at least one whole-mount
section is recommended, as it allows, for example,
accurate measurement of the axial tumour dimen-

Post LN

Fig. 5.16 Tissue samples should include at least two
“landmarks” to allow unequivocal tissue orientation dur-
ing microscopic examination. Sample /, duodenal wall
and anterior surface inked red; sample 2, main pancreatic
duct and surface towards the superior mesenteric vein
inked green; sample 3, posterior surface and surface fac-
ing the superior mesenteric artery inked blue and yellow,
respectively; sample 4, duodenal wall, common bile duct
and posterior surface inked blue. Abbreviations: Ant ante-
rior surface, CBD common bile duct, MPD main pancre-
atic duct, Post LN posterior pancreatoduodenal lymph
node, Sma LN lymph node in adipose tissue facing the
superior mesenteric vein

sions [5, 17]. For the use of standard tissue cas-
settes, the following principles apply:

e Tumour samples should be taken en bloc with
adjacent anatomical structures (e.g. common
bile duct, duodenal wall, circumferential mar-
gins). A tissue sample taken from the centre of a
tumour, without inclusion of other anatomical
structures, is of very limited informational value.

* Samples should include two “landmarks” to
allow precise tissue orientation. Such land-
marks can be, for example, the duodenal wall,
ampulla, bile duct, main pancreatic duct or
inked margins (Fig. 5.16).

* Lymph nodes should be sampled en bloc with
the surrounding tissues and the overlying inked
specimen surface. Dissection of individual
Iymph nodes from the peripancreatic adipose
tissue, similar to the dissection of lymph nodes
from colectomy specimens, is not recom-
mended, as this disrupts the specimen surface
and thus precludes accurate margin assessment.
Removal of the peripancreatic fat layer accord-
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ing to the so-called orange peel method [13] is
not recommended either, as it disrupts the rela-
tion between the lymph nodes, the specimen
surface and the underlying (tumour) tissue and
thus precludes, for example, accurate measure-
ment of the distance between the tumour and
adjacent circumferential resection margin.

* Lymph nodes should be embedded in their
entirety, unless metastasis is visible macro-
scopically [6, 20].

* Division of an axial specimen slice into four or
five tissue samples is an easy way to ensure opti-
mal orientation and reconstruction of findings.

e It is recommended to sample from the axial
specimen slices in sequential order rather than
to sample first the tumour, followed by, for
example, the lymph nodes, ampulla, etc.
Sampling in sequential slice order facilitates
three-dimensional reconstruction of findings.

5.8.2 Sampling of Transection
Margins

The transection margins of pancreatic resection
specimens are sampled routinely, and this is best
done prior to specimen dissection. For pancreato-
duodenectomy specimens, these are the transec-
tion margins of the stomach or proximal
duodenum, distal duodenum, pancreatic neck and
common bile duct. For distal pancreatectomy
specimens, this is the transection margin of pan-
creas. If the transection margin is closed with a
staple line (Fig. 5.2), as is, for instance, the case
in specimens resulting from a laparoscopic pro-
cedure, the staple line is removed, taking care to
include as little as possible of tissue. Samples are
taken en face. In case of suspicion of tumour
involvement of the transection margin of the
splenic vessels (Fig. 5.2), this margin can also be
sampled for microscopic examination.

5.8.3 Sampling from Specimens
with Venous or Arterial

Resection

The resected blood vessel is sampled en bloc with
the adjacent (often tumour-involved) tissue and

margin (Figs. 5.14 and 5.15). This allows accurate
microscopic assessment of the depth of tumour
invasion into the vascular wall (i.e. invasion of
the intima, media or adventitial layer) or, in case
the vessel is clear of tumour, the minimum clear-
ance between the invasive tumour front and the
vessel wall. Because it is difficult to macroscopi-
cally distinguish true tumour infiltration of the
vessel wall from fibrous adherence, the entire
resected vessel should be embedded [6, 24].

5.8.4 Sampling from Extended
Pancreatic Resection
Specimens

The same principles for tissue sampling as
described in Sect. 5.8.1 apply to extended resec-
tion specimens. Because the aim of tissue sam-
pling is the demonstration of the relationship
between the tumour and the additionally resected
structures, it is important that tissue samples are
taken en bloc from the tumour periphery onto the
adherent structure, e.g. the bowel, stomach or
adrenal gland. Regarding the resection margins,
the circumferential surfaces that have been created
by the extended resection, i.e. the surfaces of the
soft tissue that connects the tumour with the
resected structure(s), are usually the most critical.
Sampling of the transection margins of the resected
structures, i.e. a segment of the bowel, is usually
irrelevant unless the resected structure is small and
the tumour infiltrates close to the edges of the
resected structure. Consequently, because venous
or arterial resections are usually relatively small,
examination of the resection margins of these
structures is important. It is usually best done by
complete embedding of the vessel en bloc with the
adjacent pancreas and/or peripancreatic tissues,
unless the vascular segment is of a considerable
length and separate sampling of both transection
margins of the vessel may be considered.

5.8.5 Routinely Sampled Tissues
A number of tissues are sampled routinely. The

gallbladder and cystic duct should be dissected
and sampled as per local standardized protocol. If
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the stomach and duodenum appear macroscopi-
cally normal, the samples from the respective
transection margins will usually suffice to assess
both structures microscopically. One sample is
usually taken from a macroscopically normal-
looking spleen. One or more samples are required
from background pancreatic parenchyma,
depending on the pathology encountered.

5.8.6 Block Key

Because tissue samples that include anatomical
landmarks, as outlined in Sect. 5.8.1, are easy to
orientate, a description of the site of sampling
other than the number of the axial or sagittal
specimen slices from which the sample was taken
is not necessary. Regarding other blocks, e.g.
from the transection margins, gallbladder or
spleen (see Sects. 5.8.2 and 5.8.5), it is recom-
mended to take these in a standardized fashion at
the start of the specimen dissection procedure to
allow an optimal workflow. A step-by-step sum-
mary of specimen handling, dissection and sam-
pling is provided in Sect. 5.12.

5.9 Assessment of the Margin
Status
5.9.1 Macroscopic Examination

Over the past decade, assessment of the margin
status in surgical resection specimens for pan-
creatic cancer, in particular in pancreatoduode-
nectomy specimens, has received increasing
attention. While the evaluation of the transec-
tion margins is routine in all pancreatic cancer
centres, practice varies considerable when it
comes to the examination of the so-called cir-
cumferential margins. As outlined in Sects.
5.2.1.1 and 5.4, the circumferential margin of
the pancreatic head includes four surfaces: the
SMV groove, SMA margin, posterior margin
and anterior surface. The latter is an anatomical
surface rather than a true resection margin;
however, as tumour involvement of this surface
leads to an increased risk of cancer recurrence
[12], the anterior surface needs to be included in

the evaluation of microscopic residual disease.
A further circumferential margin that needs con-
sideration is the surface of the soft tissue sheath
that surrounds the extrapancreatic common bile
duct (Fig. 5.3). This surface may be involved by
tumours that are either primarily seated in the
extrapancreatic common bile duct or infiltrate
this part of the bile duct by extension from a
tumour mass located in the intrapancreatic com-
mon bile duct or cranial part of the pancreatic
head. As the tissue sheath surrounding the bile
duct is thin, even limited tumour extension out-
side the bile duct wall may result in tumour cells
growing in close proximity of the specimen sur-
face. Consequently, the rate of microscopic
margin involvement (R1) of tumours affecting
the extrapancreatic bile duct is significantly
higher than that of tumours involving the distal
end of the intrapancreatic bile duct, which is
deeply buried inside the pancreatic head and
thus separated from the specimen surfaces by a
thicker layer of nonneoplastic tissue [25].

Because of the highly dispersed growth of
pancreatic cancer and the resulting poor macro-
scopic delineation of the invasive tumour front,
meticulous inspection and extensive tumour sam-
pling are paramount to accurate reporting of the
margin status. In practical terms, this means that
axial specimen slices should be as thin as possi-
ble to increase the number of slices and thus
improve the inspection of the margin.
Furthermore, sampling from the tumour onto
adjacent margins and surfaces should be exten-
sive and include areas without macroscopically
convincing tumour infiltration, because the
R1-rate correlates with the number of tissue sam-
ples that have been examined [14]. The need for
extensive tissue sampling to detect microscopic
margin involvement is also supported by molecu-
lar studies [26].

The reported Rl-rate varies considerably
between studies, and this is most likely due to
divergence in practice regarding specimen dis-
section and tissue sampling [3, 4, 11]. Indeed,
some (inter-)national guidelines recommend an
examination that is limited to systematic sam-
pling of only the SMA margin, irrespective of the
localization of the tumour and its possible prox-
imity to other specimen surfaces [27]. Several
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studies and a recent meta-analysis have demon-
strated that specimen dissection by axial slicing
results in a higher detection rate of microscopic
margin involvement (as reflected by a higher
R1-rate) than when using any other method [4,
14-16].

5.9.2 Margin Status of Extended
Resection Specimens

Evaluation of the margin status is particularly
challenging in specimens resulting from extended
surgical resection, as these include margins in
addition to those found in standard pancreatodu-
odenectomy or distal pancreatectomy specimens.
Examination of these specimens requires an
approach that is tailored to the individual case. If
sampling of the circumferential margins is con-
ducted according to “standard” procedure, possi-
ble tumour involvement of surfaces of the
additionally resected structures will remain unde-
tected. As outlined in Sect. 5.8.3, evaluation of
the margins of resected blood vessels is best
achieved by complete (en bloc) embedding of the
entire vessel fragment. Particular attention should
be paid to the pancreatic surface to which the
vessel is adherent, e.g. the SMV groove in case of
resection of a piece of SMV, as this surface is
commonly found to be involved immediately
adjacent to the resected vessel, also in cases in
which the vessel wall proper is clear of tumour
(Fig. 5.14).

5.9.3 Macroscopic Margin
Involvement (R2)

According to the current UICC [18] and AJCC
[19] staging systems, a distinction should be
made between microscopic and macroscopic
residual disease (R1 and R2, respectively). Size-
based criteria that allow unequivocal categori-
zation of residual disease as macroscopic or
microscopic are currently lacking, and, in prac-
tice, this decision is usually left to the discretion

Fig. 5.17 Extensive margin involvement in a pancreato-
duodenectomy specimen. A large centrally located tumour
shows broad-front infiltration (dotted line) of the surfaces
facing the superior mesenteric vein and artery, which are
inked in green and yellow, respectively. Abbreviations: CBD
common bile duct, Sma surface facing the superior mesen-
teric artery, Smv surface facing the superior mesenteric vein

of the operating surgeon. However, intraopera-
tively, it may not be obvious whether abnormal
tissue at the specimen surface consists of tumour
or fibrosis, and, consequently, the surgeon may
not be able to commit to considering the resec-
tion as “R2”. As a result, resection specimens
with tumour involvement of a considerable area
of the specimen surface — 10 x 10 mm or more —
may nevertheless be reported as “R1”, which
eventually affects the statistical analysis of the
prognostic impact of “microscopic” margin
involvement (Fig. 5.17). To avoid a more or less
arbitrary classification as R1 or R2, recording of
the area of margin involvement is a more objec-
tive and accurate way to reflect the extent of
residual tumour in the surgical bed. Measurement
of the area of margin involvement is straightfor-
ward when using the axial slicing technique, as
the axial dimension of the involved surface can
be measured on the microscopic slides, while
the craniocaudal extent can be assessed by mul-
tiplying the slice thickness with the number
of slices in which the particular surface is
involved [9].
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5.9.4 Microscopic Examination

A further factor that contributes to the diver-
gence in reporting of the margin status is the use
of a non-uniform definition of microscopic mar-
gin involvement (R1). While some pathologists
report margin involvement only if tumour cells
are present at the margin (0 mm clearance), oth-
ers will regard tumour growth within 1 mm to
the margin as R1. The “1 mm rule” has been
adopted from the margin assessment for rectal
cancer [28], where through meticulous clinico-
pathological correlation, it was demonstrated
that a clearance of less than 1 mm correlates
with an increased risk for local tumour recur-
rence. Similar studies have not been undertaken
for pancreatic cancer. However, in view of the
fact that pancreatic cancer — unlike rectal can-
cer — grows in a highly dispersed fashion, the
use of this R1 definition seems not appropriate.
Indeed, a recent study has shown that the growth
pattern of pancreatic ductal adenocarcinoma is
significantly less compact than that of rectal
cancer, at least in the periphery of the tumour

Fig.5.18 Assessment of the resection margin following
neoadjuvant treatment. (a) Prediction of the presence or
absence of residual tumour at the resection margin is
determined by the tumour growth pattern. In the tumour
with a less compact growth pattern (lower half), a clear-
ance of 1 mm does not guarantee the absence of residual
disease. (b) As the growth pattern is altered by neoadju-

[21]. In line with this, definitions of microscopic
margin involvement based on a larger clear-
ance — 1.5 mm, 2 mm or 3 mm — have been
applied, and the results were found to be better
predictive of patient outcome [29]. Although
these considerations and observations indicate
that | mm clearance may still lead to underesti-
mation of microscopic margin involvement, an
appropriate definition is currently not known.
The issue of tumour clearance to the margin
becomes even more acute in specimens from
patients who underwent neoadjuvant treatment.
Indeed, provided that the patient developed a
certain response to treatment, the residual
tumour cells or cell groups may be separate
from each other by even larger distances. Hence,
the prediction as to whether tumour cells were
likely left behind in the surgical bed becomes
even more difficult (Fig. 5.18). Therefore,
recording of the exact minimum clearance of a
tumour to the margin gives a more objective
account than assignment to RO or R1 based on
criteria that seem inappropriate and have not
been validated.

b e

vant treatment and tumour cells lie at greater distances
from each other, the usual definition of R1 (<1 mm clear-
ance) leads to underestimation of residual tumour (blue
dots, tumour cells; red line, resection margin; dotted line,
I mm from margin) (With permission of Springer,
Pathology of the pancreas — a practical approach, [10],
Fig. 9.72, p. 149)
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5.10 Biobanking of Fresh Tissue

In most pancreatic centres, biobanking of fresh
tumour and normal tissues is part of routine spec-
imen handling. The use of the axial slicing tech-
nique for pancreatoduodenectomy specimens is
also advantageous with respect to biobanking of
fresh tumour tissue, because this method does not
require the technically challenging probing or
opening of the pancreatic and bile ducts. A
smooth-surfaced incision through the (unfixed)
pancreatic head in the axial plane will ensure
good views on and easy access to the tumour,
while ensuring that the standard dissection of the
fixed resection specimen is not interfered with.
Incision through key anatomical structures, e.g. a
resected venous segment, should be avoided, if
possible (Fig. 5.14a). For distal pancreatectomy
specimens, incision of the fresh pancreas should
be in the sagittal plane. The use of tissue corers of
different sizes may facilitate tissue sampling, and
the resulting punched-out shape may help with
the microscopic identification of the site of bio-
banking and verification that the sample was
indeed taken from the tumour.

To increase the yield of tumour tissue in the
biobanked samples and at the same time reduce
the number of “trial” incisions, it is important to
identify the tumour site as accurately as possi-
ble. Palpation of the pancreas is important,
because pancreatic cancers are usually charac-
terized by a hard, “wooden” consistency.
Externally visible indications of tumour infiltra-
tion may be bulging or retraction of the pancre-
atic surface, irregularity and/or narrowing of the
SMYV groove or irregularity of the duodenum or
papillae. Resection of an additional structure,
e.g. a piece of SMV, usually indicates nearby
tumour infiltration. Dilatation of the common
bile duct and/or pancreatic duct implies that the
tumour is located in the pancreatic head at, or
cranial to, the level of the ampulla of Vater.
Information regarding the tumour site gleaned
from preoperative imaging reports or discussed
at the multidisciplinary team meetings is usu-
ally of great help in targeting tumour tissue
sampling for biobanking.

5.11 Grossing of Specimens
Following Neoadjuvant

Treatment

The same procedure as outlined in the previous
sections can be used for the grossing of pancreatic
resection specimens following neoadjuvant treat-
ment. The challenges with these specimens are
multiple [30]. First, the local anatomy may be dis-
torted by treatment-induced tumour regression
and ensuing contraction, stricturing or deforma-
tion of the pancreas proper and adjacent struc-
tures, such as the common bile duct, duodenum or
blood vessels. Second, surgery following neoad-
juvant treatment often requires an extended resec-
tion, resulting in complex specimens that may
include segments of, for example, the SMV and
SMA, other blood vessels or neighbouring organs.
Third, treatment-induced tumour regression is
apparently random and results in haphazardly dis-
tributed residual tumour cell clusters or single
tumour cells. Viable tumour is embedded in a
prominent fibrous stroma and often intimately
admixed with nonneoplastic tissues. As a result,
residual tumour may be impossible to identify by
naked-eye inspection, and the distinction between

Fig.5.19 Following neoadjuvant treatment, residual via-
ble tumour and treatment-induced fibrosis may be indis-
tinguishable. Note the extension of abnormal tissue close
to the anterior (Anf) and posterior surfaces (Post) and the
surface facing the superior mesenteric vein (Smv)
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pancreatic cancer and the surrounding nonneo-
plastic tissues, which is already poorly delineated
in primary resected specimens, usually becomes
even more blurred following neoadjuvant treat-
ment (Fig. 5.19). Finally, many of the patients
who underwent neoadjuvant treatment will have a
metal stent in the common bile duct to ensure bili-
ary drainage during the months of preoperative
therapy. The presence of a stent, in particular a
metal stent, characteristically induces inflamma-
tory changes and fibrosis within and around the
bile duct, which may further enhance the difficul-
ties with the macroscopic identification of viable
tumour tissue. As a consequence, extensive sam-
pling, often with (sub-)total embedding of the
pancreas and additionally resected structures, is
necessary to ensure an accurate record of viable
tumour and to avoid underestimation of the size
and extent of the residual tumour.

5.12 Summary of the Handling
of Pancreatoduodenectomy
Specimens

A brief step-by-step description of the handling
of surgical pancreatoduodenectomy specimens is
provided below:

Prior to fixation

e Open the stomach, duodenum and gallbladder
longitudinally and rinse.

* For biobanking of fresh tumour tissue, iden-
tify the tumour site and incise the pancreatic
head in the axial plane.

Fixation (in formalin for ca. 48 h)
Following fixation

* Orientate the specimen and inspect externally.

* Record the dimensions of the pancreas, stom-
ach, duodenum, gallbladder, extrapancreatic
common bile duct and possibly other resected
structures (e.g. vein).

* Record externally visible abnormalities.

e Carefully remove surgical sutures, clips or
staples.

Sample the transection margins of the pancre-
atic neck, extrapancreatic common bile duct
and stomach/duodenum.
Inspect and sample the gallbladder and cystic
duct.
Ink according to an agreed colour code:
— The pancreatic surfaces: SMV groove,
SMA, anterior and posterior
— Important other structures, e.g. venous
resection, if desired
If a metal stent is present, remove it gently by
cutting some of the wires of the metal mesh and
extracting individual wires with small pliers.
Slice in the axial plane (thickness: 3 mm) with
violin bow strokes using a long knife.
Place the slices in sequential order, their cau-
dal surface facing up.
Take photographs: an overview of the lined-up
slices and close-up pictures of individual
specimen slices.
Describe the tumour and any other pathology.
Take tissue samples following the sequential
order of the specimen slices. Ensure to include
“landmarks” (i.e. anatomical structures and
inked specimen surfaces) to facilitate tissue
orientation.
Record in the block key the specimen slice
number from which the samples are taken.
Use at least one whole-mount block, best
where the tumour is at its largest extension.
For standard tissue cassettes, sample the
tumour en bloc with anatomical structures
(including a venous resection) and margins.
Sample lymph nodes en bloc with the speci-
men surface or anatomical landmarks. Embed
lymph nodes in their entirety, unless metasta-
sis is macroscopically visible.

Conclusion

Specimen grossing is the first step in the
examination procedure of pancreatic resection
specimens and an important determinant of
the quality of pathology reporting. Current
divergent practice regarding specimen gross-
ing leads to significant differences in the
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reporting of key tumour features such as can-
cer origin, tumour size and extent, T-stage and
margin status. Specimen dissection by axial
slicing combined with extensive tissue sam-
pling and inking of all circumferential mar-
gins ensures accurate reporting of these
important data items, also for the often more
challenging specimens following extended
surgical resection and/or neoadjuvant treat-
ment. Especially for the latter specimens,
assessment of the margins requires meticulous
specimen grossing. Photodocumentation is an
integral part of the grossing procedure, as it is
essential for case review, quality assessment
and discussion with clinical colleagues.
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Tumor Markers

Ji Kon Ryu

6.1 Protein Markers

6.1.1 Carbohydrate Antigen 19-9
(CA 19-9)

The most widely used serum tumor marker is car-
bohydrate antigen 19-9 (CA 19-9).

The synthesis and expression of CA 19-9
depend on fucosyltransferase-2 and 3 activity.
Approximately, 5-7% of general populations are
unable to express CA 19-9 because they lack
fucosyltransferase-3 activity (Lewis antigen neg-
ative). So, it is well reported that up to 15% of
patients with an advanced stage have a normal
CA 19-9 level. In addition, the levels are usually
normal in the early stage and falsely elevated in
patients with many kinds of benign conditions
such as pancreatitis, cholangitis, and obstructive
jaundice. Therefore, CA 19-9 has a roughly 80%
sensitivity and 85% specificity for the diagnosis
of pancreatic cancer [1]. Another important point
is relatively low incidence of pancreatic cancer in
general population (~10/100,000). Because the
positive predictive value of CA 19-9 is extremely
low, the screening is not cost-effective, and CA
19-9 is not recommended as a screening tool. In
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current practice, the roles of CA 19-9 are only
restricted to detection of tumor recurrence after
curative surgery [2] and prediction of prognosis
after surgical resection or chemotherapy [3].

6.1.2 Carcinoembryonic Antigen
(CEA)

Carcinoembryonic antigen (CEA) is another com-
monly used tumor marker for pancreatic cancer.
CEA has a roughly 54% sensitivity and 79% speci-
ficity for the diagnosis of pancreatic cancer [4].
Therefore, the diagnostic accuracy of CEA is lower
than that of CA 19-9. When CEA is used in con-
junction with CA 19-9, the sensitivity and specific-
ity can be changed to 86% and 72%, respectively
[4]. So, CEA can be used in pancreatic cancer
patients with normal CA 19-9 level as a prognostic
marker in patients after surgical resection.

6.1.3 Others

Other reported tumor markers include CA 125 [5],
CECAM-1 [6], MUCI [7], and osteopontin [8],
but the clinical utility of theses markers is undeter-
mined and requires further validation studies.
Recently, several novel markers are reported as
potential candidate diagnostic biomarkers. They
include intercellular adhesion molecule-1, macro-
phage inhibitory cytokine-1, osteoprotegerin, tis-
sue inhibitor of metalloproteinase-1, and S100
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calcium-binding protein P (S100P). A meta-analy-
sis reported that pooled sensitivity and specificity
of SIO0P are 87% and 88%, respectively [9].
Further studies are necessary to define clinical sig-
nificance of these novel candidate biomarkers.

6.2 DNA

6.2.1 Genetic Alterations

Commonly mutated genes in pancreatic cancers
are known to be KRAS, P53, CDKN2, and
SMADA4. The recent whole genome sequencing
analysis of 100 patients with pancreatic cancer
demonstrated that KRAS mutation was detected in
almost all patients and the prevalence of other gene
mutations was 74% for P53, 35% for CDKN2, and
31% for SMADA4 [10]. Although KRAS mutation
seems to be an ideal tumor marker, a plasma assay
lacks both sensitivity and specificity because of its
insensitivity in the detection of early pancreatic
cancer [11] and frequent detection in patients with
chronic pancreatitis and smokers. Therefore, none
of the DNA markers have demonstrated a promis-
ing outcome as a tumor marker in clinical practice.
However, KRAS mutation analysis in samples of
endoscopic ultrasound (EUS)-guided fine-needle
aspirate (FNA) can be used as a good biomarker. A
meta-analysis of eight prospective studies reported
that sensitivity and specificity of KRAS mutation
analysis in conjunction with cytology of EUS-
guided FNA were 88.7% and 92% which are better
than cytology alone [12]. Some studies investi-
gated the feasibility of detecting DNA markers in
stool and reported that KRAS mutation was
detected in 67% of in patients with pancreatic can-
cer [13]. In the future, a very low level of circulat-
ing mutated DNA can be detected easily with high
sensitivity due to the development of next-genera-
tion sequencing and innovative technologies, and a
novel DNA marker will be developed.

6.2.2 Epigenetic Alterations
The aberrant methylation-mediated functional loss

of tumor suppressor genes has been detected in all
kinds of cancers including pancreatic cancer, and

these changes are rarely detected in normal tis-
sues. There are many cancer-related genes with
aberrant methylation that play roles in pancreatic
cancer carcinogenesis which include CDKN2A,
MLH1, CDHI, SPARC, DUSP6, RELN,
RASSFIA, CCND2, TFPI2, RUNX3, SOCSI,
and TSLC1 [14].

Many of these aberrantly methylated genes
are present frequently in pancreatic cancers and
can be easily detected with methylation-specific
PCR analysis which makes them attractive candi-
dates for an early diagnosis of pancreatic cancer.
This hypermethylation can be analyzed in pan-
creatic juice and EUS-FNA samples and be a
promising biomarker for the diagnosis of pancre-
atic cancer [15]. There are several studies of
hypermethylation analysis in blood samples [16].
All studies are based on the methylation status of
a single or a few gene panels in small number of
patients. No single gene has been reported to
have good sensitivity and specificity, suggesting
that a panel of several genes is necessary as a
tumor marker for pancreatic cancer. Further
researches are necessary in order to clinically
apply these markers based on hypermethylation
for pancreatic cancer.

6.3  MicroRNA

MicroRNAs (miRNAs) are small, single-stranded
noncoding RNAs consisting of 18-22 nucleo-
tides that control the post-transcriptional expres-
sion of many kinds of genes. The miRNAs have
an important role in carcinogenesis by targeting
the matched mRNA, and a single miRNA can
control the expression of many genes. Because
miRNA dysregulation is specific not only to tis-
sue but also to cancer, the altered miRNA expres-
sion profile can be a good biomarker for cancer
and an attractive therapeutic molecular target.
Many studies have already demonstrated that
miRNAs are highly deregulated in pancreatic
cancer tissues. Some miRNAs are upregulated
and others are downregulated. They are associ-
ated with pancreatic cancer cell proliferation,
survival, chemoresistance, and metastasis [17].
Many recent studies focused on their diagnostic
and prognostic biomarkers in pancreatic cancer.
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Some studies have already demonstrated in 2008
that miRNAs released from cancer tissue were
detected in blood even after freezing and sug-
gested circulating miRNAs can be a promising
biomarker for cancer detection [18]. In pancre-
atic cancer, several earlier studies focused on
blood miRNA profiles to discriminate between
patients with pancreatic cancer and normal con-
trols. miR-21, miR-155, miR-196a, and miR-210
all of which have been known to be upregulated
in pancreatic cancer tissue were suggested as a
blood candidate biomarker [19]. The recent
Danish study investigated miRNA expression
profiles in blood of 409 patients with pancreatic
cancer. This study identified two miRNA panels
consisting of sets of four (miR-145, miR-150,
miR-223, miR-636) and ten miRNAs (miR-26b,
miR-34a, miR-122, miR-126, miR-145, miR-
150, miR-223, miR-505, miR-636, miR-885.5p)
that discriminate between patients with pancre-
atic cancer and normal controls [20].

The recent Japanese study also examined
miRNA profiles in 571 blood samples including
100 with pancreatic cancer [21]. Eight miRNAs
showed sensitivity for pancreatic cancer of
80.3%, specificity of 97.6%, and accuracy of
91.6% which were significantly better than CA
19-9.

Nowadays, microarray analyses and compre-
hensive sequencing have been performed to
detect other blood-based miRNAs, and these
analysis methods of several miRNA expression
have achieved high detectability with good sensi-
tivity and specificity. However, it may still take
time to demonstrate their clinical role as diagnos-
tic and therapeutic biomarkers and may require
further studies for clinical applications.

6.4  Circulating Tumor Cells

Although circulating tumor cells (CTCs) have
already been discovered in 1869, the roles of
CTC detected in the blood of cancer patients are
not yet entirely understood. Many clinical studies
suggested that CTC can be applied for diagnostic
and prognostic biomarker in cancer patients.
CTCs have also been detected in the blood of
patients with pancreatic cancer [22], and their

presence was associated with poor survival [23].
CTCs can be also applied as a real-time liquid
biopsy for new molecular targeted agents,
enabling the detection of patients who will have a
good response to certain drugs [24]. However,
there remains many technical challenges to detect
a few CTCs from the background of up to 10?
normal blood cells. Therefore, extremely sensi-
tive and specific analytical methods should be
developed for the detection of a few CTCs, and
further studies are warranted for clinical
applications.
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Imaging Diagnosis of Pancreatic
Cancer: CT and MRI

Jeong Min Lee and Jeong Hee Yoon

7.1 Imaging Modalities
for Evaluation of Pancreatic

Cancer

Pancreatic cancer is the fourth most common
cause of cancer-related mortality worldwide and
is the second most common gastrointestinal
malignancy after colorectal cancer [1-4]. Despite
the great advances in the early detection and
treatment of other gastrointestinal malignancies,
the 5-year survival rate of pancreatic cancer is
less than 5% [5, 6]. Currently, only 15-20% of
the diagnosed patients have a chance of success-
ful resection at the time of presentation, and even
in patients with resectable disease, the survival
rate is only 23% [3]. Patients with complete (RO),
incomplete (R1, residual microscopic), or
margin-positive resection (R2, residual macro-
scopic) have progressively decreasing survival
rates [4, 7, 8]. Therefore, accurate determination
of disease extent in patients with pancreatic can-
cer at the time of presentation is crucial for
appropriate selection of the best treatment option
which can provide maximum survival benefit [4].
Imaging studies play a pivotal role in this initial
decision-making process of patients with pancre-
atic cancer and, also, in surgical and therapeutic
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planning and assessment of the treatment
response [9]. Until now, various imaging modali-
ties, including ultrasonography (US), computed
tomography (CT), magnetic resonance imaging
(MRI), positron emission tomography (PET),
and endoscopic ultrasonography (EUS), have
been used for evaluation of pancreatic cancer
[10-15].

Among the various cross-sectional imaging
modalities, US is frequently the first-line diag-
nostic tool for patients presenting with jaundice
or abdominal pain, as it is a noninvasive and cost-
effective modality, but, in cases of pancreatic
body and tail cancers, tumor detection is quite
difficult due to the presence of gas bubbles in the
stomach and transverse colon, causing a posterior
shadowing [16]. The sensitivity of US for detect-
ing pancreatic cancer has been reported as any-
where between 50% and 90% [13, 17-20], and
transabdominal US is not a reliable method for
the confident diagnosis or exclusion of small pan-
creatic tumors [21]. Multidetector-row computed
tomography (MDCT) has been widely accepted
as the imaging technique of choice for diagnos-
ing and staging pancreatic cancer [22, 23],
although ultrasonography, endoscopic US,
contrast-enhanced US, and MRI with MRCP pro-
vide complementary, sometimes even more
detailed, information [24]. In particular, among
the cross-sectional imaging modalities, MDCT
has shown the best performance for the evalua-
tion of vascular involvement, which is the most
important factor for predicting the tumor
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resectability [25-31]. Recent version of National
Comprehensive Cancer Network guidelines also
recommends preferentially pancreatic protocol
CT for evaluation of pancreatic cancer [32]. MRI
with magnetic resonance cholangiopancreatogra-
phy (MRCP) is commonly used as a problem-
solving tool, particularly for characterization of
CT-indeterminate liver lesions and when sus-
pected pancreatic tumors are not visible on CT or
when contrast-enhanced CT cannot be obtained
due to several allergies to iodinated contrast
material [32]. Given the greater soft tissue con-
trast of MRI compared with that of CT, there are
several specific advantages of and situations in
which MRI is superior to CT, i.e., small tumors,
hypertrophied pancreatic head, isoattenuating
pancreatic cancer, and focal fatty infiltration of
the parenchyma [14]. In addition, PET or PET/
CT scanning with fluorine-18-fluorodeoxyglucose
(FDG) can also have a successful role as a sec-
ondary imaging modality under special circum-
stances when CT is not diagnostic or may be
considered after pancreatic CT in high-risk
patients such as borderline resectable disease,
markedly elevated CA 19-9, large primary
tumors, or large regional lymph nodes [11, 15,
32, 33]. Although wide anatomic coverage,
which allows the depiction of all possible evi-
dence of metastasis in the entire body, is one of
the advantages of PET/CT [15], its inherent low
spatial resolution and false-positive results,
caused by normal physiologic FDG uptake, are
well-known limitations [34, 35]. Although EUS
can be favorably used after CT for early detection
and staging of pancreatic cancer [36-38], it is not
recommended as a routine staging tool [32].
When tissue diagnosis is necessary, EUS-guided
fine-needle aspiration (FNA) can provide better
diagnostic yield and safety than a CT-guided
FNA and also potentially lower risk of peritoneal
seeding. According to a recent meta-analysis, the
pooled sensitivity and specificity of EUS-FNA
were 86.8% and 95.8%, respectively, for diag-
nosing a solid pancreatic mass, during the time
period between 1995 and 2008 [39]. In addition,
recent development of contrast-enhanced EUS
and EUS elastography are expected to improve
diagnostic accuracy of EUS [40—44]. In general,

the treatment of pancreatic cancer frequently
requires multidisciplinary planning with afore-
mentioned imaging modalities so as to optimize
the management of patients, especially in the
selection of patients to undergo surgery [45].

7.2 Standard CT and MRI
Protocol for Pancreatic
Cancer Evaluation

7.2.1 Computed Tomography

During the past few decades, CT scanners
have developed tremendously resulting in the
improved temporal and spatial resolution and
hence their diagnostic capability. Furthermore,
MDCT scanners provide ability to image during
multiple phases of enhancement and excellent
multiplanar imaging reconstructions. Indeed,
MDCT allows better visualization of the pan-
creatic cancer in relation to the SMA, celiac
axis, SMV, and portal vein as greater parenchy-
mal, arterial, and portal venous enhancement
is achieved with MDCT compared with single-
detector CT [46]. Currently, the thin-slice
(2-3 mm) intravenous contrast-enhanced CT
scan using 64-slice or higher-slice multidetec-
tor CT (MDCT) is the radiological investigation
of choice [12]. A pancreas-specific protocol
for pancreatic cancer typically utilizes a thin-
section, multiphase technique, with either two-
phase or four-phase scans. Four-phase scans
include precontrast images and early arterial
phase (CT angiography phase, 17-25 s after
the start of contrast injection), pancreatic phase
(also known as the late arterial phase, 35-50 s
after the start of contrast injection), and portal
venous phase images (55-70 s after the start
of contrast injection) [12, 16] (Fig. 7.1). Two-
phase scans usually include pancreatic phase
and portal venous phase images. Noncontrast
images can be helpful in identifying pancreatic
calcifications, ductoliths, and biliary stones.
Early arterial phase is almost a CT angiogra-
phy phase, with a weak pancreatic enhance-
ment, and allows assessment of the arterial tree
in relation to pancreatic cancer and, therefore,
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Fig.7.1 A 69-year-old man with pancreatic head cancer.
Pancreatic protocol MDCT and MRI examinations. (a—d)
Pancreatic protocol MDCT examination composed of pre-
contrast (a), early arterial (b), pancreatic (c¢), and portal
venous phase (d) images. Note the pancreatic head tumor
(arrows) shows central hypoenhancement with peripheral
enhancement and also encases the superior mesenteric
artery more than 180° (thin arrow). (e-1) Pancreatic proto-
col MRI examination. (e) Axial T2-weighted image shows
the pancreatic head cancer (arrows) with heterogeneous
hyperintensity due to central necrosis. (f) Axial fat-
suppressed T1-weighted image shows a hypointense tumor
(arrow) in the pancreatic head. (g) MR cholangiopancrea-
tography shows strictures (arrows) of the main pancreatic
duct and the common bile duct (double-duct sign +) with
upstream ductal dilation. (h) Low b-value (b = 0) diffusion-
weighted image shows the pancreatic head cancer (arrows)
with heterogeneous hyperintensity due to central necrosis

(asterisk) similar to T2-weighted image (e). (i) High
b-value (b = 1,000) diffusion-weighted image demonstrates
that the central portion of the pancreatic head cancer with
central necrosis (asterisk) shows hypointensity, whereas
the peripheral portion of the tumor with tumor cell infiltra-
tions (arrows) shows hyperintensity due to restricted diffu-
sion. (j) ADC map also demonstrates that the central
portion of the tumor shows high ADC value which repre-
sent free diffusion, while the peripheral portion shows low
ADC value representing restricted diffusion. Note a left
renal cyst shows hyperintensity on low b-value (h), hypoin-
tensity on high b-value diffusion-weighted images (i), and
hyperintensity on ADC map, representing free diffusion of
the water. (j, k) Contrast-enhanced T1-weighted image
obtained during pancreatic (j) and portal venous phases (k)
shows a hypovascular tumor in the pancreatic head with
peripheral enhancement and encasement of the superior
mesenteric artery (thin arrow)
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Fig.7.1 (continued)

is useful in surgical planning [24]. Pancreatic
phase images show peak pancreatic paren-
chymal enhancement and, therefore, provide
the best lesion to pancreatic contrast and can
be useful in identifying both hypervascular or
hypovascular tumors and vascular involvement
by pancreatic cancer (Fig. 7.1). The peripan-
creatic arteries are well opacified during the
pancreatic phase, allowing for their concomi-
tant evaluation. Portal phase images are helpful
to assess the extent of the venous involvement

as the portomesenteric venous system is well
opacified and to identify possible liver metas-
tases [23, 47-50]. After unenhanced scan-
ning, patients received standard dose of iodine
contrast media intravenously for 30 s using a
power injector and at a rate of 3—-5 ml/s. The
bolus-tracking technique with a threshold of
100 HU is currently routinely used to adjust for
variations in the cardiac circulation time [23].
For the clinical interpretation, the CT images
were reconstructed with a slice thickness of
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Table 7.1 Minimum technical specifications for pancreatic CT

Feature

Specification

Comment

Scanner type

Multidetector-row scanner

Detector type

Minimum of 16 detector rows

Higher than 64 detector rows is
preferable

Detector configuration

Preferably submillimeter (0.5~ <1 mm)

Section thickness and
interval

Minimum of 5 mm ST and RI

A slice thickness of 2.5-3.0 mm and a
reconstruction interval of 1.5-2 mm is
preferable

Oral contrast agent

Neural or low-Hounsfield unit oral agent

Injector

Power injector, preferably dual chamber

Bolus tracking desirable

Contrast medium dose
and injection rate

No less than 3 mL/s of contrast, 300 mg I/
mL or a higher concentration, for an iodine
dose of 550 mgl/kg of body weight

A saline flush desirable

Mandatory dynamic

1. Early arterial phase®

The split-bolus CT protocol can be

phases 2. Pancreatic phase

used to reduced radiation dose®

3. Portal venous phase

Reformatted images Coronal and sagittal MPR

Curved MPR along the pancreatic duct

angiography

Maximum intensity projection for CT

for ductal structures

Minimum intensity projections are helpful

ST reconstruction slice thickness, R/ reconstruction interval, MPR multiplanar reformatted images
Early arterial phase imaging can be added when patients with pancreatic cancer will undergo surgical resection

"Split-bolus CT protocol [53]

2.5-3.0 mm and a reconstruction interval of
1.5-2 mm for MDCT [51]. The minimum tech-
nical specifications for MDCT of the pancreas
are summarized in Table 7.1. Nonetheless, mul-
tiphase CT exposes patient to a high radiation
dose, and recently the split-bolus CT protocol
has been proposed for staging of pancreatic
cancer and for improving tumor conspicuity
[52]. In brevity, split-bolus CT technique com-
bines pancreatic phase and portal venous phase
in a single scan: 70 s before CT, 100 mL of con-
trast material is injected for the portal venous
phase followed approximately 35 s later by
injection of 40 mL of contrast material to boost
the pancreatic phase. It may provide optimal
synchronous arterial and mesenteric venous
opacification evaluating potential tumor resect-
ability and reduce radiation dose [53].

Another recent development has been the use
of a variety of types of reformations to enhance
the conspicuity of tumor and its relationship to
local structures [54]. For pancreatic cancer stag-
ing, the smallest available section thickness or
detector configuration should be used to enable
the production of high-fidelity reformatted and

volumetric images from the nearly isotropic
voxel acquisition [4, 49]. The most commonly
used techniques are multiplanar reformations
(MPR), curved multiplanar reformations
(CMPR), and minimum intensity projections
(MinlIP) [49, 55] (Fig. 7.2). The use of CMPR
reconstruction drawn along the common bile
duct, pancreatic duct, and/or mesenteric vessels
may help improve sensitivity for detection of
pancreatic cancer and the speed of interpretation
over axial images alone by demonstrating the
relationship between tumors and the pancreatic
duct or adjacent major structures [56]. MinIP
images use the lowest density values along each
ray and clearly show low-density structures such
as pancreatic and bile ducts. The recommended
MinlP slab thickness is 3 mm for the pancreatic
duct [49, 50, 57]. Maximum intensity projec-
tions (MIP) are also often used to evaluate the
relationship between tumors and adjacent,
enhanced vessels.

Although MDCT shows excellent performance
regarding its diagnosis and staging, the detection
of small pancreatic cancers <2 cm in diameter, or
of isoattenuating tumors, which account for
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Fig.7.2 Post-process of MDCT for pancreatic head can-
cer. (a) Approximately 2.5 cm, ill-defined hypovascular
mass is seen in the pancreatic head (arrow), and the fat
plane (arrowheads) between the mass and the superior
mesenteric vein is not clearly depicted at CT. (b) Curved
multiplanar reformation image along the pancreatic duct
shows and demonstrates dilated upstream pancreatic duct
(open arrows) and parenchymal swelling with peripancre-
atic fat infiltration (arrowheads) due to combined acute

approximately 10% of all pancreatic adenocarci-
nomas, still remains challenging [58, 59]. For
those cases, we can improve the contrast-to-noise
ratio between pancreatic cancer and normal paren-
chyma using the dual-energy or low-tube-voltage
techniques [60], as the X-ray absorption of iodine
can be increased at low tube voltage (80 kVp)
compared with a standard tube voltage (120 kVp)
[60-64]. The downside of low-tube-voltage tech-
nique is increased image noise, but this could be
reduced by iterative reconstruction (IR) algorithms
[65]. Considering the effects of IR techniques on
reducing image noise, these techniques could be
used for high spatial resolution, pancreatic CT
imaging which may provide high quality, 1-2 mm,
thin-slice CT images. Optimizing the IR technique
using a study protocol is necessary to balance

pancreatitis. (¢) Oblique coronal minimum intensity pro-
jection image shows the dilated bile duct (arrowheads)
and the pancreatic duct (arrows), which are suggestive of
pancreatic head cancer invading intrapancreatic segment
of the common bile duct. (d) On oblique coronal multipla-
nar reformation image, the main portal vein and proximal
superior mesenteric vein show luminal narrowing
(arrows) over 3.5 cm due to tumor involvement, and
splenic vein is not opacified (not shown)

imaging distortion and radiation reduction and to
balance image quality and high spatial resolution
along the z-axis.

7.2.2 Magnetic Resonance Imaging

MRI is frequently used as a problem-solving tool
for the evaluation of pancreatic diseases, based on
CT or sonographic findings. MRI has relatively
high spatial and temporal resolution without expo-
sure to ionizing radiation. Of recent advances in
MRI including increased magnetic strength,
improved coil technology, and advanced imaging
sequences, the most significant is the increasing
magnetic field strength resulting in increased sig-
nal-to-noise ratio, and commonly used scanners in
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clinical practice are 1.5 T or 3.0 T [66]. In addi-
tion, with development of diffusion-weighted
imaging (DWI) and rapid 3D T1-weighted gradi-
ent-echo (GRE) sequences, MR is able to offer
improved ability to identify and stage pancreatic
tumors. In addition, MR cholangiopancreatogra-
phy (MRCP) can be used to visualize the pancre-
atic and biliary ductal system. According to a
recent study, dynamic MRI with MRCP and a
three-dimensional T1-weighted sequence showed
superior tumor conspicuity and similar diagnostic
performance compared with MDCT in evaluating
the resectability of pancreatic cancer [67].

For comprehensive evaluation of the pancreatic
parenchyma and the pancreaticobiliary ductal sys-
tem, obtaining the following MR sequences is rec-
ommended [68]: TIl-weighted in-phase and
opposed-phase GRE; T2-weighted axial and coro-
nal sequences, usually turbo spin echo (TSE) or
single-shot fast spin echo (SSFSE); two-
dimensional (2D) and three-dimensional (3D)
MRCP; and fat-suppressed T1-weighted 3D gradi-
ent echo (GRE) before and after intravenous
administration of gadolinium (Fig. 7.1). Diffusion-
weighted imaging (DWI) is currently becoming an
increasingly used, optional sequence for the detec-
tion and characterization of pancreatic lesions
including cancer and inflammation [69].
T2-weighted images are useful for evaluating the
pancreatic duct, fluid collections or necrosis in the
pancreas or tumor, or cystic neoplasms such as
intraductal papillary mucinous neoplasm (IPMN).
T1-weighted dual-echo GRE sequence (3D two-
point Dixon techniques) or multi-echo GRE
sequence (three-point Dixon techniques) can esti-
mate by assessing the signal loss on opposed-phase
images compared with in-phase images, and recent
three-point Dixon techniques may provide more
precise estimation of pancreatic fat component by
correcting for T2* decay by using the data from a
third echo. On unenhanced fat-suppressed
T1-weighted images, the pancreas is hyperintense
relative to other abdominal organs. Focal pancre-
atic masses are best identified and evaluated using
a combination of unenhanced and early gadolin-
ium-enhanced TI-weighted sequences [66].
MRCP uses heavily T2-weighted sequences to
evaluate the pancreatic duct and biliary tract and is
regarded as being essential in evaluating for the
presence of ductal communication with cystic

lesions of the pancreas and ductal deformity caused
by pancreatic cancer [66, 67, 70]. DWI can detect
random water motion within cellular tissues and,
therefore, may represent tissue cellularity and pro-
duces a representative apparent diffusion coeffi-
cient (ADC) value [71] (Fig. 7.1). Therefore,
pancreatic cancers show increased signal on both
low b-value and high b-value images and low ADC
values due to restricted water motion, whereas cys-
tic lesions show high signal intensity on low
b-value images, lower signal intensity on high
b-value images, and high ADC values because of
the increased motion of water [66]. Therefore,
DWI may allow better depiction of pancreatic neo-
plasms as well as detection of liver and lymph node
metastases, which are not always apparent on other
sequences [66, 72, 73] (Fig. 7.3).

At the author’s institute, 2D thick-slab MRCP
and 3D multislice MRCP sequences were used to
evaluate the biliary and pancreatic ductal anat-
omy. 2D MRCP images provide a good informa-
tion of gross anatomy, and 3D MRCP images can
offer good demonstration of ductal anatomy as
well as intraluminal abnormalities. However,
image quality of 3D MRCP in patients with irreg-
ular breathing rhythm or in uncooperative
patients could be subdiagnostic range [74].
Unenhanced T1-weighted images and dynamic
images were obtained using fat-suppressed, 3D
GRE sequences, i.e., LAVA [liver acquisition
with volume acceleration] (GE Medical Systems)
and VIBE [volume interpolation with breath-
hold examination] (Siemens Medical Solutions)
and mDIXON (Philips Medical Solutions) before
and following the administration of gadolinium-
based contrast agents at a dose of 0.1 mmol per
kilogram of body weight and with an injection
rate of 2 mL/s (injection duration approximately
5-8 s). The arterial phase images were obtained
5 s after the gadolinium-containing bolus was
detected in the abdominal aorta. Acquisition of
3D GRE data for each phase was completed dur-
ing a single breath hold at the end of expiration
(mean time, 20 s; range, 18-21 s). Arterial, portal
venous, and equilibrium phase images were
obtained approximately 20-40 s, 45-65 s, and
3-5 min, respectively, after injection of the con-
trast agent. An additional, fat-suppressed 3D
GRE sequence was performed 2 min after the
contrast-agent injection (between the portal
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Fig. 7.3 CT and MRI of a 61-year-old man who pre-
sented with jaundice and weight loss. (a) Abrupt narrow-
ing of intrapancreatic common bile duct (arrow) is shown,
whereas pancreatic ductal dilatation is not seen on late
arterial phase at MDCT. (b) Diffuse pancreatic head
swelling is observed on portal venous phase (arrows)
which may be a pancreatic cancer, but tumor contour is
not clearly differentiated from the background paren-
chyma at CT. (¢) Unenhanced T1-weighted image using a
fat-suppressed 3D gradient-echo sequence shows a
hypointense tumor (arrows) in the pancreatic head. Note
the pancreatic parenchyma shows hypointensity on fat-
suppressed T1-weighted image. (d) Axial T2-weighted

image shows the distal common bile duct (arrow) which is
displaced by a vaguely defined, slightly hyperintense solid
tumor. (e) Diffusion-weighted image (b = 800) shows a
hyperintense solid tumor (arrows) in the head of the pan-
creas which is more clearly distinguished from the back-
ground parenchyma than T2-weighted image. (f)
Contrast-enhanced T1-weighted image during portal
phase shows approximately 4.8 cm tumor (white asterisk)
in the pancreatic head which is clearly distinguished from
the background parenchyma by a peripheral enhancing
rim. (g) MR image at a lower level shows that the tumor
(arrows) abuts the main portal vein (asterisk)



7 Imaging Diagnosis of Pancreatic Cancer: CT and MRI

103

Fig.7.3 (continued)

venous phase and the equilibrium phase) on the
coronal plane and parallel to the portal vein bifur-
cation [75, 76]. Recently, gadoxetic acid-
enhanced liver MR imaging and DWI are more
widely accepted as one of the best imaging tools
for detecting liver metastasis in patients with
pancreatic cancer. The reported sensitivity of
gadoxetic acid-enhanced liver MR is 85% for
detecting liver metastasis in pancreatic cancer,
which is significantly higher compared with that
of CT which is 69% [77]. The minimum techni-
cal specifications for MRI of the pancreas are
summarized in Table 7.2.

Table 7.2 Minimum technical specifications for pancreatic protocol MRI

Feature Specification

Comment

Scanner type

1.5 T or 3.0 T main magnetic field

Low-field magnets
not suitable

Coil type

Phased-array, multichannel torso coil

Unless patient-related factors
preclude the use

Gradient type

abdomen)

Current-generation, high-speed gradients
(providing sufficient coverage of upper

Slice thickness

5 mm or less for dynamic series

2-3 mm ST is preferable with 3D

8 mm or less for other imaging

T1w-GRE sequence

Breath holding and matrix

Approximately 20 s of breath hold with a
minimum matrix of 128-160x256

Breath-hold instructions are very
important

Injector

Power injector, preferably dual chamber

Bolus tracking/MR fluoroscopy
desirable

Contrast injection rate

1.5-2 mL/s of gadolinium chelate

Preferably resulting in the vendor-
recommended total dose

Minimum sequences
(3D preferable)

T1-weighted, gradient echo

DWI can provide high contrast of
pancreatic tumors and is also

coronal)

T2-weighted, turbo spin echo (axial,

valuable for detection of liver
metastases

MRCP (both 2D and 3D preferable), DWI

Post-Gd, T1-weighted gradient echo

Mandatory dynamic phases | 1. Arterial

3D fat-suppressed GRE sequence

2. Portal venous phase

3. Equilibrium phase

Dynamic timing Arterial: 2040 s

Portal venous: 45-65 s

Equilibrium: 3-5 min after contrast injection

ST slice thickness, GRE gradient echo, MRCP MR cholangiopancreatography, DWI diffusion-weighted imaging
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7.3  Typical Imaging Features
of Pancreatic Cancer

7.3.1 Morphologic Evaluation

On CT, pancreatic adenocarcinomas most often
present as ill-defined, solid hypoattenuating
masses compared to normal pancreatic paren-
chyma [78] (Figs. 7.1 and 7.4). However, approx-
imately 5.4-10% of pancreatic adenocarcinomas
are isoattenuating relative to the background pan-
creatic parenchyma [58, 79], especially in small
tumors 2 cm or less [59], thus making diagnosis
more difficult. In these situations, indirect (sec-
ondary) signs such as upstream pancreatic duct
dilation or the double-duct sign caused by pan-
creatic and common bile duct obstruction are
helpful for the diagnosis [59, 78]. In addition,
other secondary signs of pancreatic cancer
include focal pancreatic enlargement, extension
of tumor beyond pancreas, and upstream pancre-
atic atrophy secondary to ductal obstruction [54].
As the tumor reaches into its advanced stage, it
typically infiltrates the peripancreatic structures
and involves adjacent vasculature such as celiac
artery, superior mesenteric artery, portal vein or
superior mesenteric vein, and in some cases adja-
cent organs. Approximately 88% and 100% of
the isoattenuating adenocarcinomas <20 mm and
>20 mm, respectively, are recognized only by the
presence of secondary imaging findings highly
suggestive of malignancy [80]. Pancreatic
cancers can occasionally appear to be cystic or
necrotic, and in rare cases they can contain cal-
cium [81].

On MRI, pancreatic cancer typically shows the
appearance of an ill-defined solid hypointense
mass on fat-suppressed, T1-weighted imaging
and on pancreatic parenchymal phase, dynami-
cally enhanced, fat-suppressed, TI-weighted
sequences and shows progressive delayed
enhancement [54] (Figs. 7.1 and 7.3). Pancreatic
cancers are best detected using unenhanced and
early  gadolinium-enhanced  fat-suppressed
T1-weighted images [66]. However, the relative
signal intensity of the pancreatic cancer in com-
parison with pancreatic parenchyma on unen-
hanced fat-suppressed T1-weighted images can

differ depending on the location of pancreatic
tumor. If the mass is located within the pancreatic
head, there can sometimes be loss of the normal
high T1 signal of the pancreatic body and tail sec-
ondary to obstruction of the main pancreatic duct,
leading to inflammation, fibrosis, and atrophy. In
this situation, the early contrast-enhanced images
may show a hypoenhancing mass with peripheral
rim enhancement superimposed on a background
of slightly greater enhancing pancreatic paren-
chyma [66]. If the pancreatic cancer is located
within the pancreatic tail, it is usually well shown
on the unenhanced fat-suppressed T1-weighted
images. In addition, pancreatic cancers have a
variable appearance on T2-weighted images.
Pancreatic cancers frequently show increased sig-
nal on high b-value DWI and relatively low ADC
values, because of fibrosis associated with the
tumor [69, 73, 82] (Fig. 7.1). In addition, DWI is
also valuable for detecting liver and lymph node
metastases, as DWI can provide higher contrast
than other imaging sequences. However, both
benign and malignant lymph nodes can show
restricted diffusion; overstaging for lymph node
metastases should be avoided by knowing that not
every lymph node seen on DWI is malignant [69].
Peritoneal metastases are usually best shown on
the delayed postgadolinium images but can also
be detected on DWI [83, 84].

7.3.2 Vascular Evaluation

Pancreatic cancer is a very aggressive malignant
neoplasm with a high mortality rate, and ade-
quate determination of the extent of the tumor on
cross-sectional imaging studies at the time of
staging is one of the most important steps in opti-
mal patient management [4]. Pancreatic cancer
staging is based on the determination of tumor
size, location within the pancreas, local extent
which may involve surrounding vessels, and the
presence of metastatic disease. In the absence of
distant metastasis, the presence of degree of con-
tact between the tumor and the peripancreatic
vessels is of paramount importance in determin-
ing surgical resectability. In addition, it is impor-
tant to recognize variants of vascular anatomy
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Table 7.3 Essential imaging features for evaluation of pancreatic cancer

Parameter

Findings

Comment

Morphologic features

1. Main tumor

Relative enhancement of tumor

Hypo-, iso-, or hyperenhancing

Preferably determine in pancreatic
phase

Size of tumor

Measurable or nonmeasurable

Maximum axial dimension in
centimeter

Location of tumor

Head/uncinate process or body/tail

SMV is a landmark to divide
tumor location

2. Secondary findings

Pancreatic duct

Narrowing or abrupt cutoff (+)

Upstream dilation (+)

Measuring MPD diameter (>
2 mm)

Bile duct

Narrowing or abrupt cutoff (+)

Upstream dilation (+)

Proximal parenchymal atrophy

Present or absent

Peripancreatic stranding

Present or absent

Vascular evaluation

1. Arterial evaluation

Mandatory vessels to evaluate

SMA, celiac axis, CHA

Arterial variant

Accessory RHA, replaced RHA,
replaced CHA, others

Degree of solid soft tissue contact

Present or absent or occlusion

Abutment: < 180°

If present, < 180° or > 180°

Encasement: > 180°

Degree of increased hazy
attenuation or stranding contact

Present or absent

If present, < 180° or > 180°

Focal vessel narrowing or contour
irregularity

Present or absent

2. Venous evaluation

Mandatory vessels to evaluate

MPV, SMV

Degree of solid soft tissue contact

Present or absent or occlusion

If present, < 180° or > 180°

Abutment: < 180°
Encasement: > 180°

Degree of increased hazy
attenuation or stranding contact

Present or absent

If present, < 180° or > 180°

Focal vessel narrowing or contour
irregularity

Present or absent

Tethering or teardrop

Thrombus within vein

Present or absent

MPD main pancreatic duct, SMV superior mesenteric vein, SMA superior mesenteric artery, RHA right hepatic artery,
CHA common hepatic artery, MPV main portal vein

such as celiac and mesenteric arterial variants
and variants of SMV-PV in the preoperative
planning of extended pancreatic resection [22]
(Table 7.3).

According to the National Comprehensive
Cancer Network (NCCN) guideline, less than or
equal to 180° tumor contact of the vessel circum-
ferential is described as “abutment” (Fig. 7.4) and
more than 180° tumor contact of the vessel cir-
cumference is referred to as “encasement”

(Fig. 7.4). The utility of these terms includes the
ability to differentiate clearly resectable tumor
from “borderline resectable tumor,” from clearly
unresectable tumor [9, 85]. According to the previ-
ous study by Lu et al. [29], more than 180° of
tumor-vessel contact is highly specific (a sensitiv-
ity of 84% and specificity of 98%) for vascular
invasion by the tumor and for tumor unresectabil-
ity if the involved vessels are either celiac artery or
superior mesenteric artery. In addition, another
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Fig.7.4 A 58-year-old woman with cancer of the pancre-
atic body. (a) At MDCT, Approximately 4.1 cm hypovas-
cular soft tissue mass is seen in the pancreatic body and
tail (arrows) which extends to the aorta (asterisk) and
main portal vein (small arrow). Upstream pancreatic duct

sign of vascular invasion by pancreatic cancers is
irregularity of the vessel contour (including “tear-
drop” deformity) or changes in caliber, and when
irregularity of the vessel contour is seen, regard-
less of the degree of contact between tumor and
vessel, vascular invasion should be considered [86,
87]. The irregularity of vessel contour by vascular
invasion occurred more often than that of the
artery, because the wall of the vein is much thinner
and weaker than the wall of the artery [88]. On the
contrary, as all of the artery is thicker and more
flexible than the vein wall, invaded arteries may
show regular wall and may appear stretched on
MDCT or MR images because of the presence of
focal tissue fibrosis [22]. It is of important note
that the positive predictive value of CT for deter-
mining nonresectability based on vascular involve-
ment is very high (89-100%), but it is lower for
predicting resectability (45-79%) [4, 9, 29, 67, 86,
87, 89]. This is because the diagnostic criteria for
vascular invasion have been developed for being
more specific than sensitive to minimize the number
of patients inappropriately denied surgery and
potential cure [27]. Occasionally, perivascular hazi-
ness can be caused by pancreatitis secondary to duc-
tal obstruction by the tumor or recent procedures
such as endoscopic retrograde cholangiopancrea-
tography or biliary drainage for biliary decompres-
sion or biopsy; it should be taken into account to
differentiate it from perivascular tumoral invasion.

is dilated (open arrow) and the parenchyma is atrophied
(arrowheads). (b) Soft tissue density tumor encases the
celiac trunk and the proximal common hepatic artery
(arrows) on arterial phase, which often hampers curative
resection of the pancreatic body cancer

7.3.3 Extrapancreatic Evaluation

The presence of extrapancreatic tumor extension,
either local or distant, needs to be cautiously
evaluated as it can affect the surgical decision-
making. If focal hepatic lesions are present that
demonstrate suspicious features concerning for
metastasis (poorly defined margins, rim enhance-
ment) or are indeterminate if the lesion is too
small to characterize by means of CT, then fur-
ther imaging such as MRI or tissue sampling to
arrive at a final diagnosis may be warranted [4].
With development of DWI and hepatobiliary
contrast agent, several studies demonstrated that
MRI performed significantly better than MDCT
in the detection of liver metastases in patients
with pancreatic tumors [77, 90].

With regard to lymph node staging, the pres-
ence and location of suspicious lymph nodes
(defined as short axis > 1 c¢m, abnormal round
morphology, heterogeneity, or central necrosis)
should be noted [4]. This is especially true for
enlarged lymph nodes which are outside the
immediate local drainage pathways based on
tumor location (i.e., aortocaval or paraaortic
lymph nodes), as these can alter staging from
local node involvement to metastatic disease.
However, unfortunately, both CT and MRI are
not accurate at lymph node staging in patients
with pancreatic cancer [91].
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Performance of CT and MR
for Diagnosis, Staging,
and Resectability

of Pancreatic Cancer

7.4

The most commonly used staging system is
that from the American Joint Committee on
Cancer (AJCC) [92]. This system assesses the
status of the primary tumor (T), lymph nodes
(N), and metastases (M). In clinical practice, as
pancreatic cancers are advanced at a time of
initial detection, only 4-8% of pancreatic can-
cers are T1 or T2 [79, 93, 94]; the real question
at T staging in clinical practice would be dif-
ferentiation of T4 from T3, which is a matter of
tumor involvement of the celiac axis or supe-
rior mesenteric artery. With the advent of vas-
cular resection and reconstructions, there has
been a shift in staging to emphasize arterial
involvement [9, 95]. Recently published pan-
creatic adenocarcinoma oncology guidelines
by the NCCN describe grouping patients based
on radiographic criteria into those with clearly
resectable disease, borderline resectable dis-
ease, or clearly unresectable disease [32]
(Figs. 7.5, 7.6, and 7.7). Clearly resectable
disease corresponds to AJCC stages I and II
(Fig. 7.5), while clearly unresectable disease

Fig.7.5 MDCT of a 55-year-old man with clearly resect-
able pancreatic cancer. Approximately 3 cm hypovascular
mass is in the pancreatic head, which is confined to pan-
creatic parenchyma (arrows). Major vessels including the
superior mesenteric artery and superior mesenteric vein
show clear fat plane with the mass

represents AJCC stages III and IV (Fig. 7.7).
According to the NCCN guideline, borderline
resectable patients have no distant metastases,
short segmental venous involvement with suit-
able vessel above and below the point of
involvement allowing for safe and complete
resection and vein reconstruction, SMA and
CA abutment (<180° of the circumference of
involvement), and CHA involvement without
extension to CA or HA bifurcation [32] (Fig.
7.6). As of now, there are various definitions of
“borderline resectable” pancreatic cancers
which have been proposed by different organi-
zations, and consensus is not yet reached.
Furthermore, although imaging evaluation

plays a central and primary role in staging of

Fig.7.6 A 65-year-old woman with borderline resectable
pancreatic cancer. (a) Approximately 3 cm hypovascular
mass (arrows) is seen in the pancreatic head, and it abuts
SMV (asterisk) in 150° in axial plane. (b) On MPR image,
the mass attaches to the proximal SMV (arrows) over
2 cm, but there was no gross tumor thrombus in SMV
lumen
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Fig.7.7 A 60-year-old man with unresectable pancreatic
cancer. (a) Approximately 7 cm enhancing soft tissue
mass (arrows) is in the pancreatic head, and it invades the
gastric antrum (arrowheads). Coronal reformatted CT

pancreatic cancer and, therefore, in initial
therapeutic decision-making process, in clini-
cal practice, there are limitations in the current
freestyle reporting of these imaging studies
including variability of descriptive terminol-
ogy [4].

Therefore, previous studies including clinical
trials on borderline resectable pancreatic cancers
were heterogeneous in terms of the populations
studied, the metrics used to characterize thera-
peutic response, and the indications used to select
patients for surgery [96]. A generally accepted
definition of borderline resectable pancreatic
cancer is needed, and standardized imaging
reporting template must be adopted in all future
studies of borderline resectable pancreatic can-
cer. A recent consensus statement of the Society

images (b, ¢) display diffuse soft tissue infiltration along
the proper hepatic artery (b, arrows) and also segmental
gross invasion of the main portal vein and superior mesen-
teric vein (¢, arrows)

of Abdominal Radiology and the American
Pancreatic Association proposed adoption of the
standardized imaging reporting template in order
to improve the decision-making process for the
management of patients with pancreatic cancer
by providing a complete, pertinent, and accurate
reporting of disease staging [4]. According to a
recent study [97], structured reporting of pancre-
atic multiphasic CT provided superior evaluation
of pancreatic cancer and facilitated surgical plan-
ning. Surgeons were more confident regarding
decisions about tumor resectability when they
reviewed structured reports before review of mul-
tiphasic CT images.

With the continuing, substantial improvements
in CT technology, the capacity of MDCT for the
detection, diagnosis, and local staging of pancre-



7 Imaging Diagnosis of Pancreatic Cancer: CT and MRI

109

atic cancer has increased. MDCT is very effective
for detecting and staging adenocarcinoma, with a
sensitivity of up to 90% for the detection and an
accuracy of 80-90% for the staging [21]. In addi-
tion, MDCT has shown excellent performance for
evaluating vascular involvement thanks to its high
spatial resolution and good delineation of perivas-
cular fat plane in many studies [25-31, 98].
Determination of the extent of vascular involve-
ment is usually made by identifying the extent to
which the tumor involves the cross-sectional cir-
cumference of a vessel, as described above [29].
Recently, distinct advances in MR technology
have caused great improvement in pancreatic can-
cer imaging. Several recent reports have been
published describing the comparable diagnostic
performance of MDCT and MR in diagnosis and
local staging of pancreatic cancer [67, 89, 99—
102]. According to a recent study by Park et al.,
dynamic 3D GRE MRI with MRCP shows supe-
rior tumor conspicuity and similar diagnostic
performance compared with MDCT in evaluat-
ing the resectability of pancreatic cancer [67].
However, as MDCT is less expensive and is also
more widely available than MRI, MDCT is still
the modality of choice for the diagnosis as well
as the local staging of patients with pancreatic
cancer [32].

Concerning determination of vascular inva-
sion by pancreatic cancer, a serious diagnostic
dilemma occurs following neoadjuvant chemo-
therapy and radiation therapy, as the vascular
contact by the pancreatic cancer may be replaced
by perivascular haziness or fat stranding (Fig.
7.8). In fact, as those perivascular haziness devel-
oped after neoadjuvant treatments can be caused
by either posttreatment fibrosis or viable tumor,
neoadjuvant therapy significantly decreases the
accuracy of CT scan in determining resectability
RO of pancreatic carcinoma and results in overes-
timation of vascularinvasion [83, 103]. Therefore,
given that overestimation of vascular invasion
may significantly reduce CT scan specificity for
resectability after preoperative treatment [103—
105], increased hazy attenuation or stranding
contact with the major peripancreatic vessels in
patients with prior radiation therapy or combined

chemoradiation therapy needs to be considered in
conjunction with the treatment response of the
main tumor and changes of tumor markers such
as CA 19-9. In addition, baseline studies are use-
ful for identifying the extent of the tumor before
radiation therapy, and if patients show stable,
minimal stranding without significant soft tissue
thickening adjacent to vessels, they should not be
prevented from undergoing surgery [106]. In
addition, a recent study demonstrated that partial
regression of tumor-vessel contact indicates suit-
ability for surgical exploration, irrespective of
the degree of decrease in tumor size or the degree
of residual vascular involvement [107]. As of
now, however, there are no clear diagnostic crite-
ria to differentiate perivascular invasion from
tumor progression from posttreatment fibrosis
after neoadjuvant treatments. Further study is
necessary to find optimal diagnostic criteria for
determining vascular invasion in patients with
received preoperative neoadjuvant treatments for
pancreatic cancer.

7.5 NewImaging Technique
for Evaluation of Pancreatic

Cancer: Hybrid PET/MR

Integrated PET and MR (PET/MR) scanners
have recently been available for use in humans.
As MR has the inherent strength of superior soft
tissue contrast resolution, multiplanar imaging
acquisition, and functional imaging capability
such as that seen in DCE-MR, DWI, MR spec-
troscopy, or elastography, PET/MR may exhibit
superior diagnostic performance compared with
that of PET/CT [108, 109]. In our medical insti-
tution, PET/MR imaging is now being used for
evaluation of staging in patients with locally
advanced pancreatic cancers and also for evalua-
tion of tumor response in patients with pancreatic
cancer undergoing neoadjuvant chemoradiother-
apy before and after treatment (Fig. 7.8). It is
expected that various imaging biomarkers from
integrated PET-MRI may help predict clinical
stage and PFS in patients with pancreatic or peri-
ampullary cancer [110].



110

J.M. Lee and J.H. Yoon

Fig. 7.8 A 55-year-old man who underwent concurrent
chemoradiation therapy (CCRTx) for histologically con-
firmed pancreatic adenocarcinoma. At pre-CCRTx PET-
MRI, approximately 3.2 cm hypovascular mass (arrows)
is seen in the pancreatic head which encases the first jeju-
nal branch of the superior mesenteric vein (a), and the
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Endoscopic Diagnosis

Takao Itoi and Atsushi Sofuni

8.1 Introduction

Pancreatic cancer is thought to be one of poor
prognostic diseases in the world. Recent progress
of computed tomography (CT) and magnetic res-
onance imaging (MRI) has been marked and
popular all over the world. However, most of
pancreatic cancers show advanced stage when
they are detected by CT/MRI. Thus, early detec-
tion and accurate staging of pancreatic cancer are
crucial for optimal therapy.

Endoscopic diagnoses using an endoscopic
ultrasonography (EUS) and endoscopic retrograde
cholangiopancreatography (ERCP) have been con-
ducted for the diagnosis of pancreatic cancers
although it is more invasive modalities compared
with CT/MRI. The most valuable advantage as a
diagnostic modality is to not only observe the pri-
mary lesion but also obtain the pathological sam-
pling atthe close position through the gastrointestinal
tract and pancreatic or bile duct [1]. Nowadays, pre-
treatment evidence by cytology or histology is man-
datory to determine the therapeutic strategy, namely,
malignant or nonmalignant masses and adenocarci-
noma or other histology like neuroendocrine tumors
before administration of anticancer drugs. Herein,
we describe the current status of endoscopic diag-
nosis of the pancreatic cancer.
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8.1.1 EUS

8.1.1.1 EUS Imaging

Fundamental Image (B-Mode Image)

EUS was introduced to clinical practice more
than 30 years ago [2]. Nowadays, EUS has
become popular for the diagnosis of pancreatic
cancer because it provides high-resolution
imaging and allows the precise delineation of
the entire pancreas through the gastrointestinal
tract without intervening bowel gas. EUS
appears more useful to detect small pancreatic
cancer because of its high-resolution ability at
the close position to the pancreas. It has a
higher sensitivity in detecting small pancreatic
cancers compared with CT (98% vs 86%,
respectively, p = 0.012) [3]. In particular, for
tumors less than 30 mm in diameter, EUS has a
93% sensitivity compared with the 53% sensi-
tivity of CT and the 67% sensitivity of MRI [4]
(Fig. 8.1). EUS has higher sensitivity compared
with CT for local tumor staging (67% vs 41%,
p < 0.001) although there is no difference in
terms of node staging and potential tumor
resectability [3]. Large vessel invasions like
celiac artery, portal vein, splenic artery/vein,
and superior mesenteric artery/vein are the
most important factor to evaluate the resectabil-
ity and strategy of operation. EUS has an accu-
racy of 90% for evaluation of portal and splenic
vein invasion [5, 6], though it has low accuracy
regarding superior mesenteric artery and vein
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Fig.8.1 EUS of small
pancreatic cancer. EUS
shows small hypoechoic
area in the head of
pancreas

Fig.8.2 EUS elastography. EUS elastography demonstrates blue area according to pancreatic cancer (left, fundamental
image; right, elastography)

invasions [7, 8] because the tip probe of echo-
endoscope is far from the target area. Nowadays,
two types of EUS, namely, radial type and
curved linear type (convex) EUS, are commer-
cially available. Interestingly, one prospective
comparative study shows that there is no differ-
ence between radial EUS and convex EUS for
delineation of the pancreas [9].

Elastography

Elastography is an imaging modality that can assess
the hardness of different tissues and their deforma-
tion under compression [10]. In general, pancreatic
ductal cancer is well known as the hard tumor
including rich fibrosis in the tumor. Pancreatic can-
cer in the EUS elastography shows predominantly
blue, suggesting hard tissue (Fig. 8.2). Recently,
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the usefulness of elastography by means of has
been reported for the diagnosis of pancreatic
lesions [10, 11]. However, EUS elastography was
not objective at early stage because of the use of
elasticity distribution alone. Lately, elasticity
semi-quantification, using the strain ratio (SR) of
tissue elasticity, is used for objective evaluation
[10]. Clinical utility of EUS elastography has
been shown by meta-analyses to have a high sen-
sitivity of 95-97% but a low specificity of
67-76% for diagnosing pancreatic cancer [12,
13]. Thus, the improvements in specificity like
“measurement of subjective elasticity” appear to
be mandatory to become diagnostic standard.

Contrast-Enhanced EUS (CE-EUS)

Although fundamental EUS allows the detection
of even small pancreatic cancer, it has disadvan-
tage in terms of evaluation of vascularity of the
lesions compared with contrast-enhanced CT and
MRI. In particular, since pancreatic adenocarci-
noma shows hypovascularity, fundamental EUS
with color Doppler is not useful unlike for pancre-
atic neuroendocrine tumor which is hypervascu-

17

larity tumor. Recently, contrast-enhanced EUS
(CE-EUS) using an intravenous contrast agent
which characterizes the vascularity of pancreatic
masses has been developed [14]. Mostly, pancre-
atic cancer shows hypovascular pattern in
CE-EUS (Fig. 8.3). Furthermore, it aids in not
only tumor characteristics but also tumor staging,
leading to the guidance of therapeutic procedures.
A recent meta-analysis of CE-EUS showed a sen-
sitivity of 94% and a specificity of 89% for diag-
nosing pancreatic cancer and concluded that it is a
promising, reliable modality for the differential
diagnosis of pancreatic adenocarcinoma [15].
However, the vascularity pattern of CE-EUS, as
well as EUS elastography, is not standardized.
Then, one prospective study revealed the useful-
ness of the quantitative contrast-enhanced har-
monic EUS using the use of time-intensity curve
(TIC) analysis in an artificial neural network
(ANN) classification model [16]. For the ANN,
sensitivity was 94.64%, specificity 94.44%, PPV
97.24%, and NPV 89.47% in patients with 112
cases of pancreatic carcinoma and 55 cases of
chronic pancreatitis [16].

Fig. 8.3 Contrast-enhanced EUS (CE-EUS). CE-EUS demonstrates hypovascular area suggesting pancreatic cancer
(left, fundamental image; right, CE-EUS)
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Highly diagnostic performance may allow to
be replaced with conventional contrast-enhanced
CT/MRI in selected patients who have allergy to
iodine, renal dysfunction, and metal in the body.
Furthermore, in case of difficult EUS-guided fine-
needle aspiration (EUS-FNA) like the presence
of inevitable large intervening blood vessel in
the puncture line, the diagnosis only by CE-EUS
seems safe and valuable to avoid unnecessary
complication.

8.1.1.2 EUS-FNA

EUS-FNA, which emerged for diagnosis of pan-
creatic lesion in 1992 [17], has a high diagnostic
ability for pancreatic cancer because it allows not
only precise images but also sampling for patho-
logical diagnosis (Fig. 8.4). The diagnostic accu-
racy of EUS-FNA is 85-90% in high-volume
centers in the world [18-22]. Recent meta-analyses

Fig. 8.4 EUS-FNA of pancreatic head cancer. (a) A
22-gage fine needle is advanced into the pancreatic head
mass. (b) Histology (H&E staining)

of EUS-FNA demonstrated its high sensitivity of
86.8-91% and specificity of 94-99.3% for diag-
nosing pancreatic masses [23-25]. Thus, nowa-
days, despite the presence of resectability,
pathological sampling by EUS-FNA is standard
diagnostic strategy when pancreatic masses are
detected by imaging modalities like CT and
MRI. However, EUS-FNA has several points of
weakness. Standard EUS-FNA technique, e.g.,
selection of needle, sampling technique (funning
technique, etc.), and the presence of on-site pathol-
ogist (rapid on-site evaluation, ROSE), is not estab-
lished yet. Furthermore, it is likely that the outcome
of EUS-FNA depends on the endosonographers’
skill. Although transabdominal ultrasound (US)
also depends on operator’s skill, interestingly
sequential comparative study in the same institu-
tion showed that EUS-FNA can obtain significantly
adequate specimens compared with US-FNA
(100% vs 91.3%, p = 0.019), and diagnostic accu-
racy by EUS-FNA cytology was significantly supe-
rior to that of US-FNA (94.6% vs 78.6%,
p = 0.0079), though there was no significance on
the serious adverse events rate between EUS-FNA
and US-FNA (1.3% vs 4.3%) [26]. Theoretically,
small pancreatic mass may preclude adequate path-
ological sampling. In fact, one study in high-vol-
ume center revealed that size of mass affected
diagnostic yield of EUS-FNA in patients with pan-
creatic masses (accuracy: <1 cm, 47.4%; 1-2 cm,
78.9%; 2-3 cm, 86.9%; 3—4 cm, 92.6%) [27].

Multiple gene abnormalities influence the
progress of pancreatic cancer. Until now, several
investigators suggested that sample analyses
obtained by EUS-FNA are useful not only for
diagnosis of pancreatic cancer [28, 29] but also
selection of therapeutic strategy even in advanced
pancreatic cancer [30]. Thus, the progress of
genetic technology may allow tailor-made medi-
cine in patients with pancreatic cancer.

8.1.2 Endoscopic Retrograde
Cholangiopancreatography
(ERCP)

First endoscopic retrograde pancreatography
(ERP) was reported by Mucune et al. in 1968 [31].
Since then, ERCP has been used for diagnosis
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and therapy of pancreatic cancer. Theoretically,
pancreatic ductal carcinoma seems to be origi-
nated from main or branch pancreatic duct. Thus,
it shows morphologic change of pancreatic duct
like disruption, stricture, and dilation (Fig. 8.5).
ERP enables not only possibility of the presence
of pancreatic cancer but also obtaining pathologi-
cal sampling in the pancreatic duct. If cancer has
invasion to the bile duct, resulting obstructive
jaundice, ERC shows bile duct stricture and shift
of bile duct to the pancreatic side. In general,
since biliary stent is placed across the biliary stric-

ture following diagnostic ERCP, sampling by
brush cytology and transpapillary biopsy is usu-
ally performed before stent placement. However,
the most worrisome problem with ERCP is the
development of procedure-related complications
particularly post-ERCP pancreatitis, though it
may not be so many in case of head of pancreatic
cancer because of few intact pancreatic duct.
Thus, with MRCP development, the use of simple
ERCP has considerably decreased only as a diag-
nostic tool unless therapeutic ERCP like biliary
stenting is needed.

Fig.8.5 Endoscopic retrograde pancreatography (ERP). (a) ERP showed main pancreatic duct stricture. (b) Brushing
cytology was conducted. (¢) Cytological specimen showed malignant cells
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Recently, one worrisome paper described that
cytodiagnosis of pancreatic juice may be useful
in the diagnosis of pancreatic carcinoma in situ
[32]. However, such kind of invasive diagnostic
ERCP should be performed based on the benefit
and harm for the patients. Nevertheless, ERCP
may have small potential as a diagnostic modal-
ity in combination with EUS. Another interesting
study showed that the ERCP and EUS combina-
tion was associated with a high diagnostic value
for detecting pancreatic neoplasms compared
with ERCP or EUS alone for pancreatic solid
lesions [33].

Intraductal ultrasonography (IDUS) had been
performed more than one decade ago for
diagnosis of pancreatobiliary strictures. However,
catheter mostly cannot pass the stricture and pro-
vide additional information compared with con-
ventional EUS.

There are few data on the cholangiopancre-
atoscopy in patients with pancreatic cancer. In
general, diameter of peroral cholangiopancreatos-
copy is approximately 3 mm, and it is inadequate
for the pancreatic duct. On the other hand, several
endoscopists have performed cholangioscopy for
diagnosis of indeterminate biliary strictures. They
revealed that apart from cholangiocarcinoma
which is originated from bile duct, cholangios-
copy has few indication in patients with pancre-
atic cancer because the sensitivity is extremely
low (8%) due to extrinsic stricture [34, 35].
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PET and Other Functional Imaging

Keon Wook Kang

Positron Emission
Tomography

9.1

Positron emission tomography (PET) is a nuclear
medicine imaging which detects gamma rays
from the body. After targeting molecules labeled
by positron-emitting radionuclides are injected
into patients, they are distributed throughout the
body and accumulated to specific organs or tis-
sues. PET scan is a molecular imaging which
reveals molecular phenomena of the body.
Various radiopharmaceuticals have been devel-
oped for diagnostic PET imaging.

Positron-emitting radionuclides '*F-labeled
fludeoxyglucose (FDG) are the most commonly
used radiopharmaceuticals in clinics. FDG is a
glucose analog and actively transported into cells
via glucose transporters. FDG PET localizes
organs and tissues which consume glucose higher
than surrounding organs or tissues. In fasting sta-
tus, FDG accumulates in the normal brain and
malignant tumors which express glucose trans-
porter 1 (GLUTI1). GLUTTI is insulin indepen-
dent and actively transports glucose or FDG into
cells in the brain or tumors even though insulin
level is low due to fasting.

Whole body FDG PET/CT imaging is now
widely used for oncologic diagnostic studies,
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including staging, detecting recurrence, restag-
ing, treatment monitoring, and estimating prog-
nosis. Whole body imaging is practical for M
staging by detecting or ruling out unexpected dis-
tant metastasis. The concentration of FDG
uptakes varies among types or grades of tumors.
Generally high-grade malignant tumors which
have poor prognosis uptake FDG in high
concentration.

PET has an advantage of quantifying accumu-
lation of radiopharmaceuticals. The standardized
uptake value (SUV) is the most frequently used
semiquantitative measured value. In case of FDG
PET, SUV is calculated as a concentration of
FDG in the tissues divided by injected dose per
body weight. SUV is a useful measure for the
evaluation of therapy response. SUV can be
expressed in various ways. SUVmax is a value
representing one maximum value in the region of
interest (ROI). SUVmean is an average value in
ROIL. In clinical practice, SUVmax is most com-
monly used because it is not only simple to mea-
sure but also independent from the bias of
drawing ROL.

PET can detect trace amount of radiopharma-
ceuticals. However, spatial resolution of clinical
PET scanners is around 5 mm which is poorer than
CT or MRI. Thus, hybrid imaging system PET/CT
is favored. PET/CT produces tomographic PET
imaging overlaid on CT imaging which is acquired
simultaneously. PET highlights functional status
and CT provides anatomical information. Imaging
speed and diagnostic accuracy increase by

123

S.-W. Kim, H. Yamaue (eds.), Pancreatic Cancer, DOI 10.1007/978-3-662-47181-4_9

9


mailto:kangkw@snu.ac.kr

124

K.W. Kang

combining two imaging modalities. Nowadays,
PET/MRI is also developed and commercially
available.

Radiation dose of a single PET study is less
than 10 mSv which is comparable with a single
enhanced CT examination. In the case of recent
sensitive PET/CT scanners, dose of a single
whole body PET/CT examination is less than
10 mSv when low-dose CT is applied. PET/MRI
has an advantage in the point of view of radiation
safety, because patients receive no radiation from
MRI studies.

9.1.1 Pancreatic Adenocarcinoma

FDG PET or PET/CT has limited role in the ini-
tial diagnosis of pancreatic cancer, but studies
showed its benefits in initial staging and prog-
nosis evaluation. PET/CT lacks the necessary
sensitivity and specificity for detection of small
lesions less than 5 mm of pancreatic cancer.
FDG also accumulates in inflammatory tissue of
pancreatitis.

According to a meta-analysis of 19 studies
of FDG PET in patients with suspected pancre-
atic cancer, diagnostic performance of FDG
PET was sensitivity 90%, specificity 76%, pos-
itive predictive value (PPV) 90%, negative pre-
dictive value (NPV) 76%, and accuracy 86%
[11]. Pooled estimates from nine studies for
FDG PET/CT were sensitivity 90%, specificity
76%, PPV 89%, NPV 78%, and accuracy 86%.
Diagnostic performance between PET and
PET/CT was almost identical. While sensitivity
of PET or PET/CT was high, specificity of them
was relatively low. In most studies, the most
prevalent disease among controls was chronic
pancreatitis. From nine studies differentiating
between pancreatic cancer and chronic pancre-
atitis, the pooled sensitivity and specificity for
FDG PET were 90% and 84%, respectively.
Although some pancreatitis may resemble pan-
creatic cancer, FDG does not accumulate in
most chronic pancreatitis. In a previous study,
87% (67/77) of chronic pancreatitis had minor
or no FDG uptakes [14]. In some false positive
cases, FDG was accumulated in inflammatory
cyst or obstructed duct. FDG PET detected

pancreatic cancer in five out of six patients with
chronic pancreatitis. FDG PET is able to detect
pancreatic cancer in the context of long-stand-
ing chronic pancreatitis.

Staging and predicting prognosis is more
important because unnecessary surgical explora-
tion may be avoided. FDG PET was superior to
CT in diagnosing distant disease, while CT was
better than FDG PET in local staging due to the
poor spatial resolution of PET. The reported sen-
sitivities of FDG PET in nodal staging have varied
between 46% and 71% [15]. They were especially
poor when peripancreatic and para-aortic lymph
nodes close to the primary tumor were evaluated.

PET has an advantage to identify distant
metastases (Fig. 9.1). According to the previous
reports, the sensitivity of FDG PET for detect-
ing hepatic metastases is about 70%. However,
small lesions less than 1 cm could not be
detected. The sensitivity for lesions less than
1 cm was 43%, while that of greater than 1 cm
was 97%. Gd-EOB-DTPA-enhanced MRI can
detect small hepatic metastasis accurately with
a sensitivity of 90% and a specificity of 100%.
FDG PET/MRI marginally improved in sensi-
tivity of detecting lesions greater than 1 cm
from 93% to 98%.

In a retrospective study with 14 patients with
metastasis, the sensitivity of detecting metastatic
disease for PET/CT, standard CT, and the combi-
nation of the two were 61%, 57%, and 87%,
respectively [4]. In seven patients occult meta-
static disease was found on PET/CT scan alone.
Two patients had metastasis in a supraclavicular
lymph node. Two patients had occult liver metas-
tases. Two patients had a peritoneal implant and
one had a periesophageal lymph node. These
seven patients (11%) with invasive cancer had a
change in their management.

According to National Comprehensive Cancer
Network (NCCN) guideline 2016, PET/CT can
be considered as an adjunct to a formal pancre-
atic CT protocol in high-risk patients including
borderline resectable disease, markedly elevated
CA 19-9, large primary tumors, large regional
lymph nodes, and patients who are very symp-
tomatic [8].

There are limited data on the use of FDG
PET to assess early tumor response after
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Fig.9.1 FDG PET/CT imaging of a patient with pancre-
atic adenocarcinoma. Primary tumor is located at uncinate
process of the pancreas. Whole body projection image and
PET/CT tomography reveal metastasis at para-aortic and

treatment in pancreatic cancer. In a study with
small number of patients, FDG PET scans
helped monitoring clinical outcome of complete
surgical resection as early as one cycle after
neoadjuvant treatment in patients with locally
advanced pancreatic cancer. Among patients
who were PET responders (>50% decrease in
SUVmax), 100% (2/2) had complete surgical
resection. Only 6% (1/16) had surgical resection
in the PET nonresponders (<50% decrease) [1].
Further studies with larger population of patients
are needed to confirm the role of FDG PET in
identifying patients who could undergo com-
plete surgical resection after the neoadjuvant
treatment.
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supraclavicular lymph nodes (arrows). Metastasis in
supraclavicular lymph nodes was not detected by other
conventional imaging modalities. The numbers along the
arrows represent SUVmax of each lesion

There are several studies that FDG PET can
predict prognosis of patients with pancreatic can-
cer. Generally speaking, the higher the FDG
uptake, the poorer the survival outcome. In a ret-
rospective study analyzing 118 patients with pan-
creatic cancer who had performed FDG PET
before receiving palliative chemotherapy,
patients with high metabolism showed shorter
survival than patients with low metabolism
(SUVmax <4.5, 11.1 months; HR 1 vs SUVmax
> 4.5, 7.8 months; p = 0.004) [2].

Since SUVmax represents only one value of
single pixel in RO], it is vulnerable to noise. Thus,
values representing tumor burden in whole body
were developed. Metabolic tumor volume (MTV)
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is a sum of each tumor volume above certain FDG
uptakes. Generally, all voxels with an SUV of 2.5
or greater within the isocontour line were counted
for the calculation of MTV. Total lesion glycoly-
sis (TLG) reflects FDG activities from all tumors
in the body. TLG is calculated as MTV multiplied
by the SUVmean. In a retrospective study, 51
patients with resectable pancreatic cancer under-
went FDG PET/CT and curative operation [5].
SUVmax, MTV, and TLG were compared as
prognostic factors. Multivariate analysis revealed
that MTV and TLG were independent prognostic
factors for recurrence-free survival (RFS) and
overall survival (OS). SUVmax was an indepen-
dent prognostic factor for OS, but not for RFS.

9.1.2 Intraductal Papillary
Mucinous Neoplasms
Intraductal ~ papillary mucinous neoplasms

(IPMN) are cystic tumors of the pancreas. IPNMs
are important because if they are left untreated
some of them may progress to invasive cancer.
However, up to 85% of patients treated surgically
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Fig. 9.2 FDG PET/CT images in patients with intra-
ductal papillary mucinous neoplasm. While a malignant
lesion (a) shows high FDG uptake in the tumor, a benign

K.W. Kang

according to the international consensus guide-
lines (ICG) subsequently reveal no malignancy.
Thus, it could be said that the resection of these
IPMNs was unnecessary. In a report analyzing
162 patients with IPMN, the sensitivity of the
ICG in detecting malignancy was 93.2%, but their
specificity was only 22.2%. Therefore, more
accurate diagnostic methods differentiating
between benign and malignant IPMNs are needed.

The sensitivity and specificity of multi-detector
CT were 32-53% and 77-95%, respectively [6].
Those of magnetic resonance cholangiopancreatog-
raphy were 37-59% and 71-91%. Those of endo-
scopic ultrasound-guided aspiration were 55-60%
and 74-93%. In a study analyzing 69 histologically
confirmed patients, the sensitivity and specificity of
FDG PET were 83.3% and 100%, respectively [9].
The cutoff value was set as SUVmax of 2.5 or more.
FDG PET is more accurate than any other proce-
dures in differentiating benign and malignant
lesions in patients already diagnosed as IPMN (Fig.
9.2). On the other hand, ICG is useful for predicting
the incidence of malignant transformation and the
consequent need for resection in low-risk patients
with a long life expectancy.

lesion (b) cannot be distinguished from background of the
normal pancreas
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9.1.3 Neuroendocrine Tumor

Neuroendocrine tumor (NET) is a heterogeneous
group of malignant tumors that originate from
the neuroendocrine system. For diagnosis of
NETs, conventional radiological imaging meth-
ods such as CT, MRI, and ultrasonography (US)
have been used. However, these anatomical
imaging methods have a limitation in diagnostic
value when the lesions are small and located at
unexpected sites. By the use of these conven-
tional imaging, endocrine pancreatic tumors can
be localized in approximately 50% of the cases.
Patients with metastatic NET had improved sur-
vival after the removal of the primary tumor,
even in the presence of liver metastasis. Locating
the primary tumor is important to the surgeon.
Thus, functional nuclear imaging covering the
whole body has been applied to diagnose NETs.

The most ubiquitous inhibitory receptor of
neuroendocrine cells is the somatostatin receptor
(SSTR). Whether they are functioning or not,

Fig.9.3 “Ga-DOTA-TOC
PET/CT (a) and
"n-DTPA-octreotide scan
(OctreoScan) (b) in a \
patient with metastatic

neuroendocrine tumor in

the liver. PET/CT shows

better resolution than

planar scan. Thus, small

lesions can only be

delineated in PET/CT

NET can retain SSTR to a variable degree
despite malignant change. An 8-amino acid pep-
tide, octreotide (Sandostatin®) is used to inhibit
NET as a therapeutics. '''In-DTPA-octreotide
scan (OctreoScan®) has been used in the diagno-
sis of NET. Gamma camera produces planar

images as well as tomographic images.
Nowadays, hybrid system combining single-
photon  emission computed tomography

(SPECT) and CT is commercially available.
However, PET/CT has a better sensitivity and
resolution than SPECT/CT (Fig. 9.3).

Recently, %Ga-labeled somatostatin analogs
have been developed for PET imaging of NETs.
They are %Ga-labeled DOTA-Tyr® octreo-
tide (DOTA-TOC), DOTA-Tyr?, Thr® octreotide
(DOTA-TATE), and DOTA-1-Nal*-octreotide
(DOTA-NOC). Although they have different
affinities to subtype of SSTR, their clinical per-
formance is almost the same. Since SSTR-
targeted imaging reflects SSTR status of tumor,
not all tumors are visualized. In a study using
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%Ga-DOTA-NOC PET/CT, uptake in the pan-
creas was only seen in 76 of the 103 scans (74%).
In another study enrolling 109 patients with
known or suspected gastroenteropancreatic NET,
%Ga-DOTA-NOC PET/CT showed a sensitivity
of 78.3% and specificity of 92.5% for primary
tumor and 97.4% and 100% for metastatic dis-
ease [7]. ®®Ga-DOTA-NOC PET/CT showed
higher accuracy for both primary (83.4% vs
74.3%) and metastatic (98.2% vs 87.2%) lesions
when comparing with conventional imaging
including contrasted enhanced CT and MRI.

In a study of head-to-head comparison with 13
patients with NET, ®Ga-DOTA-TOC PET/CT
detected 16 additional lesions (6 in the liver, 9 in
the pancreas, and 1 in the spleen) which were not
detected by !'"In-DTPA-octreotide scan and
SPECT/CT. PET/CT exhibited a significantly
higher sensitivity than SPECT/CT (100% vs
54%, p < 0.001) [10].

Grade | and 2 NETs have a more favorable
outcome than Grade 3. Poorly differentiated
NETs have a low density of somatostatin recep-
tors but are metabolically active. Thus, FDG
PET accumulates in these tumors and is useful to
evaluate them. On the other hand, well-differen-
tiated NETs exhibit low glycolytic metabolic
activity and demonstrate minimal FDG uptake.
Therefore, staging by FDG PET is limited. In a
retrospective study of gastrointestinal and pan-
creatic NETs, OctreoScan was more sensitive
than FDG PET for the detection of well-differen-
tiated and Grade 1 NETs, whereas FDG PET
demonstrated significantly superior sensitivity
for poorly differentiated and Grade 3 NETs [12].
Among patients with WHO Grade 1 NETs
(n = 94), the sensitivity of OctreoScan was 79%,
compared with a sensitivity of 52% for FDG
PET (p = 0.16). For patients with WHO Grade 2
NETSs (n = 42), OctreoScan and FDG PET per-
formed similarly, with sensitivities of 83% and
86%, respectively. Among patients with WHO
Grade 3 NETs (n = 17), the sensitivity of
OctreoScan was 57%, significantly less than the
sensitivity of 100% by FDG PET (p = 0.02).
FDG PET may have a better role in patients with
neuroendocrine tumor which is not visualized by
SSTR-targeted imaging.

9.1.4 Metastatic Tumor in Pancreas

FDG also accumulates in pancreatic metastasis
from other primary tumors. Three patterns of accu-
mulation have been described: a solitary mass,
multiple pancreatic lesions, and diffuse infiltration.
The most common pattern was a solitary lesion
with high FDG uptake. It resembles the more com-
mon pancreatic adenocarcinoma. FDG PET/CT
has an advantage in detecting unsuspected pancre-
atic metastases over contrast-enhanced CT in small
intrapancreatic isodense nodules.

9.2  Other Functional Imaging
Traditionally, gamma camera is widely used for
functional imaging in nuclear medicine such as
liver scan, hepatobiliary scan, etc. In 1970s,
>Se-selenomethionine scan was used for detecting
pancreatic mass. Since it accumulates in normal
pancreas, tumor was visualized as a space-occupy-
ing defect. Nowadays, this scan giving anatomical
information is replaced by US, CT, or MRI.

HTn-DTPA-octreotide scan (OctreoScan) tar-
geting SSTRs has been used for the last two
decades for the diagnosis of NETs. Reported data
on the sensitivity of OctreoScan in patients with
gastrinomas vary from 60% to 90%. The discrep-
ancy in results is probably due to short acquisi-
tion time, planar imaging (not performing SPECT
studies), or low doses of radiopharmaceutical.
Integrated SPECT/CT provides tomographic
radionuclide images overlaid on CT images
which is used for localization and attenuation
correction. In a study enrolling 18 patients with
endocrine pancreatic tumors, SPECT/CT had an
incremental value over planar scan [13]. Superior
lesion localization helped to detect additional
sites of tumors and physiological uptakes.

If we substitute diagnostic radionuclide with
therapeutic nuclide, molecular targeting imaging
can be easily translated into molecular targeted
therapy. Peptide receptor radionuclide therapy
(PRRT) with radiolabeled somatostatin analogs is
one of the examples. p-rays from '"Lu-DOTA-
TATE and **Y-DOTA-TOC can kill cells in neuroen-
docrine tumors. There is evidence from large studies
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that PRRT achieved 25-30% tumor response rates
in patients with metastatic neuroendocrine tumors
[3]. Radioactive lutetium '”’Lu emits both y- and
f-ray at the same time. Thus, after 7Lu-DOTA-
TATE therapy, whole body scan or SPECT/CT
allows restaging or monitoring of therapy.
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10.1 Introduction

In major specialized centers, 5-year survival
rates are approaching 30-50% in selected
patients [1]. However, more than 80% of patients
present with unresectable tumors due to either
local extension or distant metastases [2]. For the
majority of patients presenting with advanced
disease, patient prognosis is therefore extremely
poor. Early diagnosis and staging thus are indis-
pensable for the improvement of outcomes in
patients with pancreatic cancer. Preoperative
staging of pancreatic cancer helps to determine
the therapeutic strategy for pancreatic cancer. It
is the most important to decide whether surgical
resection is appropriate or not. TMN staging sys-
tem placed emphasis on both resectability and
prognostic classification. With accurate staging,
inappropriate therapy, such as non-curative sur-
gical resection, can be avoided, and palliative
therapy can be provided to patients with far
advanced disease. This chapter reviews TMN
staging system and discusses the resectability of
pancreatic cancer.
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10.2 TNM Staging of Patients
with Pancreatic Cancer

The Union for International Cancer Control/
American Joint Committee on Cancer (UICC/
AJCC) TNM staging system is used for the stan-
dard staging of pancreatic cancer (Table 10.1) [3,
4]. The TNM staging of pancreatic cancer
includes tumor size and extent, lymph node sta-
tus, and evidence of distant metastases. The T
(primary tumor) staging of pancreatic cancer is
classified as T1-T4 based on the size and extent
of the primary tumor. T1 lesions consist of an
intrapancreatic tumor measuring 2 cm or less in
greatest diameter. T2 lesions consist of an intra-
pancreatic tumor measuring more than 2 cm in
greatest diameter. Primary tumors that have
extended beyond the pancreas such as the duode-
num, stomach, bile duct, and peripancreatic fat
are classified as T3 lesions. T3 lesions don’t
involve the celiac axis or the superior mesenteric
artery, but it doesn’t matter whether tumors
extend to the superior mesenteric/portal vein or
not. T4 lesions have involved the celiac axis or
the superior mesenteric artery.

The N (regional lymph nodes) staging is clas-
sified as NO or N1 based on the presence or
absence of regional lymph node metastasis. The
M (distant metastasis) staging is classified as MO
or M1 based on the presence or absence of distant
metastasis such as liver, peritoneum, lung, and
bone metastases.
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Table 10.1 Staging of pancreatic exocrine cancer

TNM classification (UICC/AJCC 7th edition)

Primary tumor (T)

TX Primary tumor cannot be assessed
TO No evidence of primary tumor
Tis Carcinoma in situ (including

lesions classified as PanIn IIT)

T1 Tumor limited to the pancreas,
2 cm or less in greatest dimension

T2 Tumor limited to the pancreas,
more than 2 cm in greatest
dimension

T3 Tumor extends beyond the

pancreas but without involvement
of celiac axis or the superior
mesenteric artery

T4 Tumor involves celiac axis or the
superior mesenteric artery

Regional lymph nodes (N)

NX Regional lymph nodes cannot be
assessed

NO No regional lymph node
metastasis

NI Regional lymph node metastasis

Distant metastasis (M)

MO No distant metastasis

Ml Distant metastasis
Staging

Stage 0 | Tis NO MO
Stage IA | T1 NO MO
Stage IB | T2 NO MO
Stage T3 NO MO
A

Stage T1-3 | N1 MO
1B

Stage III | T4 Any N MO
Stage IV | Any T | Any N Ml

Tumors localized to the pancreas are classified in
stage I (T1-2, NO, M0). Tumors extending to adja-
cent organs or involving regional lymph node
metastases without distant metastases or invasion
into celiac axis or superior mesenteric vein are clas-
sified in stage II (T3, NO, MO or T1-3, N1, MO).
Locally advanced Tumors involves celiac axis or
superior mesenteric vein without distant metastases
are classified in stage III (T4, any N, MO). Tumors
with distant metastases at the time of diagnosis are
classified in stage IV (any T, any N, M1).

The combination of T, N, and M into stage
groupings accurately reflects the differences in

prognosis among patients with resectable, locally
advanced, and distant metastatic disease. Matthew
H. G. Katz et al. previously reported the 6th edi-
tion of the AJCC TMN staging system applied to
2981 patients with pancreatic adenocarcinoma
evaluated at MD Anderson Cancer Center
between August 1996 and August 2006 [S]. In
this report, median survival of patients who ini-
tially presented with resectable (stage I/I), locally
advanced (stage III), and metastatic disease (stage
IV) was 15 months, 11 months, and 6 months,
respectively. Bilimoria, K. Y. et al. also reported
that by using the National Cancer Database
(1992-1998), 121,713 patients were identified
with pancreatic adenocarcinoma. All patients
were restaged by AJCC 6th edition guidelines.
Stage-specific overall survival was estimated by
using the Kaplan-Meier method and compared
with log-rank tests. Concordance indices were
calculated to evaluate the discriminatory power of
the staging system. Cox modeling was used to
determine the relative impact of T, N, and M clas-
sification on survival. For all patients, there
was S-year survival discrimination by stage
(P <0.0001). For patients who underwent pancre-
atectomy, stage predicted 5-year survival: stage
1A, 31.4%; 1B, 27.2%; 1A, 15.7%; 1IB, 7.7%; 111,
6.8%; and 1V, 2.8% (P < 0.0001) (Table 10.2).
The concordance index for the staging system
was 0.631 for all patients, 0.613 for those who
underwent pancreatectomy, and 0.596 for patients
who did not undergo resection. In patients who
underwent pancreatectomy, tumor size, nodal sta-
tus, and distant metastases were independent pre-
dictors of survival (P < 0.0001) [6].

Table 10.2 Five-year overall survival for resected pan-
creatic adenocarcinoma from the National Cancer
Database (1992-1998, at a time when adjuvant therapy
was not typically administered)

5-year Median

Number of survival survival
Stage | patients % (%) (months)
1A 1886 8.8 314 24.1
1B 2364 11.0 272 20.6
1A 3846 17.9 157 15.4
1IB 7828 364 7.7 12.7
11 2850 132 6.8 10.6
v 2738 12.7 2.8 4.5
Total |21,512 12.6
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Prognostic factors in stage I and stage II are
tumor size and lymph node status. Pathologically
measured tumor size in greatest dimension was
significant independent prognostic factor in pre-
vious reports about the patients with resected
pancreatic ductal adenocarcinoma after pancre-
aticoduodenectomy [7—12] (Table 10.3). In most
of these reports, the cutoff size was between 2 cm
and 3 cm with significant differences in progno-
sis. Although the survival of patients with small
pancreatic cancers was more favorable, 41% of

Table 10.3 Correlation between tumor size and survival

tumors up to 2 cm in diameter had lymph node
metastases [9]. Therefore, T1 tumors are not nec-
essarily early-stage disease.

Pathologically metastasis to regional lymph
nodes was also significant independent prognostic
factor in previous reports about the patients with
resected pancreatic ductal adenocarcinoma
after pancreatic resection (Table 10.4) [7-15].
Considering its prognostic significance, TNM
staging system classifies node-positive tumors as
stage IIb.

Diameter of Median survival
Institution (country) tumor Number of patients (%)| 5-year survival (%) | (months) P
University of Naples | >3 34 (51) 9 11 0.006
(Italy) <3 33 (49) 33 18
Jagiellonian >2 NR (94) NR 26 0.04
University (Poland) <2 NR (6) NR 46
Nuremberg >2 80 (78) 5 13 0.001
(Germany) <2 22 (22) 19 25
Harvard School of >2 239 (77) NR 15 0.002
Public Health (USA) | <2 70 (23) NR 38
Kansai Medical >3 57 (63) 7 8 0.006
University (Japan) <3 33 (37) 26 22
Johns Hopkins >3 NR 4 15 <0.0001
University (USA) <3 NR 23 21

Table 10.4 Correlation between lymph node status and survival

Number of S-year survival | Median survival
Institution (country) Lymph node status| patients (%) (%) (months) P
University of Maryland Positive 261 (81) NR NR 0.001
Medical Center (USA) Negative 127 (69) NR NR
Jagiellonian University Positive 86 (63) 4 15 0.01
(Poland) Negative 50 (37) 42 38
Nuremberg (Germany) Positive 74 (73) 5 13 0.008
Negative 28(27) 27 25
Harvard School of Public Positive 193 (49) NR 16 0.05
Health (USA) Negative 203 (51) NR 20
Kansai Medical University Positive 42 (48) 9 9 0.02
(Japan) Negative 46(52) 17 20
Johns Hopkins University Positive 919(78) 16 17 0.0001
(USA) Negative 256 (22) 27 23
University of Naples (Italy) Positive 51 (68) 8 13 <0.001
Negative 24 (32) 42 33
University of Amsterdam Positive 109 (68) NR NR 0.02
(Netherlands) Negative 51(32) NR NR
MD Anderson Cancer Center | Positive 186 (52) NR 22 0.002
(USA) Negative 174(48) NR 32
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In addition, number of positive nodes, total
nodes examined, and lymph node ratio are three
lymph node parameters related to survival after
resection of pancreatic ductal adenocarcinoma.
Increasing number of positive nodes was corre-
lated with shorter overall survival for patients
with lymph node-positive pancreatic ductal ade-
nocarcinoma [16], and increasing total nodes
examined was correlated with longer overall sur-
vival for patients with lymph node-negative pan-
creatic ductal adenocarcinoma [17-19]. Lymph
node ratio, the ratio of the number of positive
nodes to the total nodes examined, was reported
to be correlated with overall survival for resected
pancreatic ductal adenocarcinoma [16, 20, 21].
These results suggest that lymph node ratio may
be incorporated into staging system for pancre-
atic ductal adenocarcinoma in the future.

10.3 Resectability of Pancreatic
Ductal Adenocarcinoma

The goal of the NCCN/AJCC staging system is to
identify patients who are eligible for resection
with curative intent. Tumors classified in stage I
are small and localized within pancreas, there-
fore, are routinely resectable. Tumors classified
in stage II are extent to adjacent organs or involv-
ing regional lymph nodes, without distant metas-
tases or invasion to the celiac trunk or superior
mesenteric artery, and are usually resectable. On
the other hand, tumors classified in stage IV are
unresectable due to distant metastases, because
patients with stage IV pancreatic ductal
adenocarcinoma have systemic disease spread
with micrometastases which are impossible to be
detected by multidetector-row CT. There is no
room for disputing the unresectability of stage IV
pancreatic ductal adenocarcinoma; however, the
resectability of stage III is controversial. Tumors
classified in stage III involving the celiac trunk
and/or superior mesenteric artery are usually
contraindication for surgical resection. According
to the previous report [5], resection of tumors
involving the celiac axis or superior mesenteric
artery is unlikely to be completed because these
vessels are surrounded by a perineural plexus

through which tumor cells may extent to the
celiac ganglion and the retroperitoneum. Even if
a portion of the celiac axis or superior mesenteric
artery is resected with reconstruction, RO resec-
tion is very difficult due to perineural tumor inva-
sion. In addition, most of patients with such
locally advanced disease also have synchronous
systemic metastases, even if not detected on
imaging studies [22, 23].

However, involvement of a limited area of the
visceral arteries is so-called a borderline resect-
able situation. The stage III category includes a
wide range of tumor-vessel involvement — from
minimal tumor abutment of the superior mesen-
teric artery to complete 360-degree encasement
of the superior mesenteric artery. Tumors that
demonstrate arterial abutment (tumor-vessel
involvement of 180° or less) may be considered
for surgery as part of a multimodality approach to
the disease that includes neoadjuvant chemother-
apy or chemoradiotherapy [24]. According to
NCCN Guidelines Version 2 2015 for pancreatic
adenocarcinoma [25], patients with borderline
resectable pancreatic cancer include those whose
tumors exhibit abutment or encasement of a short
segment of the hepatic artery, without evidence
of tumor extension to the celiac artery that is pos-
sible to perform RO resection with interposition
grafting or primary end-to-end anastomosis.
These limited tumor involvements of the com-
mon or proper hepatic arteries may derive from
pancreatic neck origin and extent along the gas-
troduodenal artery.

The resectability of tumor abutment or encase-
ment of the SMV or portal vein remains contro-
versial, and, therefore, the presence or absence of
venous involvement was not specifically described
in the T staging. The T3 category includes all
forms of non-arterial tumor extension beyond the
pancreas, including extension to the superior mes-
enteric vein and portal vein. From several institu-
tions, it was reported that venous resection and
reconstruction is safe with the same morbidity or
mortality as standard pancreaticoduodenectomy
[13, 26]. Moreover, there was no difference in sur-
vival between the patients who were performed
with vascular resection and those who underwent
standard pancreaticoduodenectomy [27, 28].
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Venous resection is, therefore, no longer a contra-
indication to pancreaticoduodenectomy at many
centers. Nonetheless, pancreaticoduodenectomy
with the resection of superior mesenteric vein or
portal vein remains controversial because of the
complexity of the surgical procedure combined
with the aggressive oncologic behavior of pancre-
atic cancer, which results in modest postoperative
survival even if curative surgery were performed
[29, 30].

The best treatment for patients with locally
advanced stage III disease is still unresolved; pri-
mary treatment for such patients typically
incorporates systemic chemotherapy or chemora-
diotherapy. That is to say, patients with stage III
disease are often enrolled in clinical trials using
chemoradiation for the purpose of local control.
One study of 257 patients with stage III pancre-
atic cancer (all T4 lesions based upon infiltration
of the celiac axis or superior mesenteric artery)
found that 30% could undergo a successful RO
resection after chemoradiation or chemotherapy
alone [31]. Therefore, revisions to the TNM stag-
ing system are anticipated.

Conclusion

TNM staging system is important to classify
patients with pancreatic adenocarcinoma into
prognostic subgroups and perform appropriate
therapies for each stage patient. However, the
resectability of pancreatic adenocarcinoma is
changing as the improvement in surgical tech-
niques and chemotherapeutic options. Further
clinical trials are required to establish evidence-
based multimodality approach for borderline
resectable pancreatic adenocarcinoma.
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Identification
of the Borderline Resectable
Patient

11.1

11.1.1 Biology of PDAC and Surgical
Therapy

The initial clinical evaluation of pancreatic ductal
adenocarcinoma (PDAC) occurs very late in the
course of the disease, [1] as evidenced by the fact
that only 10-20% of patients are eligible for sur-
gical resection [2-5]. Possibility of a potentially
curative surgical resection often pushes the sur-
geon and the patient toward immediate surgical
resection, which could actually prevent the long-
term goal of survival. These facts are especially
evident in patients with borderline resectable
PDAC where the risks of surgery are high and the
chances of cure slim. For this reason the surgeon
must take a thoughtful approach as just one part
of a multidisciplinary effort designed to achieve
long-term patient survival.

Pancreatic surgery is becoming safer, espe-
cially at high-volume centers where the
postoperative mortality following pancreaticodu-
odenectomy has decreased from 30% to 1% [6].
In spite of these advances, patients with PDAC
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have not reaped the benefit of improved long-term
survival when surgery is used as initial therapy [3,
6-8]. One perceived reason is that patients often
do not receive additional therapy after surgery,
although there are multiple trials demonstrating a
survival benefit with adjuvant therapy after surgi-
cal resection [7, 9-11]. Up to 47% of patients
treated with upfront surgical resection fail to
receive any adjuvant therapy [12], usually due to
delayed postoperative recovery or early disease
recurrence [13, 14]. These pitfalls of surgery as
primary therapy are amplified in borderline
resectable (BR) patients for which careful stag-
ing, meticulous patient evaluation, and preopera-
tive therapy are necessary to identify the subset of
patients most likely to benefit from the aggressi
Anbazhagan, Kuppusamy ve surgical procedures
necessary for complete surgical resection.

11.1.2 Initial Evaluation

All PDAC patients evaluated by a pancreatic sur-
geon could possibly require a high-risk but poten-
tially curative, surgical procedure. A new
diagnosis of PDAC is often made in patients with
multiple underlying medical conditions of vari-
able significance with respect to the risks of pan-
createctomy. This high-stake clinical scenario
mandates that the surgeon employs an organized
approach to ensure a thorough and efficient ini-
tial evaluation. The anatomic relationship of the
tumor and critical vessels as determined by a
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pancreas protocol CT scan and this data is of cru-
cial significance, but other nonanatomic factors
must also be evaluated, such as suspicion for
extrapancreatic disease, comorbidities, and func-
tional status. Using this approach, the whole
patient and not just tumors are classified as poten-
tially resectable or borderline candidates for sur-
gical resection of the primary tumor.

11.1.3 MDACC Borderline Patient
Types

Our center has developed a systemic approach in
which all patients with localized PDAC receive a
physical exam, review of laboratory studies, and
radiographic imaging as part of a comprehensive
evaluation in a surgical clinic. These data are
then collated using a system denoted by the acro-
nym “ABC” in which “A” refers to tumor “ana-
tomic” considerations for surgery, “B” to cancer

“biology” or stage, and “C” to patient “condi-
tion” or performance status and fitness for sur-
gery (Fig. 11.1). In the course of treatment
planning and communication across our multi-
disciplinary care team, patients are classified as
clinically resectable (CR) borderline resectable
(BR) using the common nomenclature BR-A,
BR-B, or BR-C [15, 16]. BR-A patients have no
major comorbidities, have no clinical findings
that are suspicious for extrapancreatic disease,
and meet anatomic imaging criteria for a border-
line resectable tumor, as outlined below. BR-B
patients have no major comorbidities or anatomic
imaging criteria for a borderline resectable tumor
and have clinical findings suspicious for extra-
pancreatic disease: (1) indeterminate liver
lesions; (2) serum carbohydrate antigen (CA)
19-9 >1,000 U/ml, in setting a normal bilirubin;
or (3) biopsy-proven involvement of regional
lymph nodes. BR-C patients are advanced in age
(>80 years old) or possess severe comorbidities

C: Conditional
staging
(Fit for surgery?)
No Yes
B:
Palliative Potentially Biological
chemo staging
— A
Optimize, Anatomic
Rehab, Metastases? staging
Chemo/XRT Low M
\L Suspicious
Restaging Ca 19-9 level BR CR
Palliative High /
chemo
Restaging Restaging

Fig.11.1 Schema for initial evaluation and categorization of patients with pancreatic adenocarcinoma
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requiring extensive evaluation or optimization or
depressed performance status (ECOG >2). They
may or may not have clinical findings suspicious
for extrapancreatic disease.

11.1.4 Stratification Using MDACC
Borderline Patient Types

In practice, the fitness of each patient for pancre-
atic surgery is evaluated first (Fig. 11.1). A
patient who is too frail for surgery secondary to
uncorrectable comorbidities does not need to
undergo extensive evaluation for surgical resec-
tion or consideration for preoperative therapy
since surgical resection will not be the end result.
These patients can therefore be efficiently tri-
aged for palliative therapy or supportive care. If
the patient is not currently fit for surgery but has
a potentially reversible condition, then medical
optimization or pre-habilitation during preopera-
tive therapy is the goal. These patients are
referred to as BR-C and are generally older
(median age 75 years) with a higher ECOG sta-
tus (44% ECOG 2) usually secondary to cardio-
pulmonary disease (63%). If the patient is fit for
surgery, biological staging is the next. Evidence
of distant metastases on radiographic imaging is
a contraindication to resection, but in many cases
there are suspicious radiographic findings, but
not diagnostic for distant metastatic disease.
These patients are termed BR-B and receive che-
motherapy followed by restaging. Similarly,
patients with a high CA-19-9 (>1,000) even with
negative imaging are considered BR-B and
receive chemotherapy followed by restaging.
Finally, local anatomic factors related to the pri-
mary tumor are considered in patients who are
without metastases and are fit for surgery. This
necessitates careful review of radiographic
image using standard anatomic criteria designed
to categorize tumors as resectable, borderline, or
locally advanced. Patients who are fit for surgery
with no evidence or suspicion of metastases and
borderline tumors are considered BR-A and usu-
ally receive chemotherapy plus or minus chemo-
radiation and restaging prior to proceeding with
surgical resection.

11.1.5 Clinical Application of MDACC
Borderline Patient Types

Clinical application of this approach to initial
evaluation identifies that at least 50% of our
patients have borderline clinical features. When
treated preoperatively, only 37% of BR-C patients
can be expected to undergo resection, while the
others fail to reach surgical resection due to poor
performance status (31%) or interval identifica-
tion of metastatic disease (26%). BR-C patients
who receive resection experienced a median sur-
vival of 38.6 months versus 13.3 months
(p = 0.02) for those not receiving surgery.
Roughly 46% of BR-B patients receive surgical
resection of preoperative therapy, and an equal
portion (46%) is found to have distant metastases
precluding surgery. The loss of performance sta-
tus is uncommon (4.9%) in BR-B patients.
Resection conferred a 33-month median survival
versus 11.8 months in those patients unable to
proceed to resection (p < 0.001). Of note, local
progression was rarely observed during preoper-
ative therapy in either BR-B or BR-C patients
(2.6%) [15, 17]. Management of patients with
BR type A is considered below.

Key Point

e Pretreatment evaluation of patients can aid in
accurate communication and treatment plan-
ning for patients with borderline resectable
pancreatic cancer; many patients may have
technically resectable tumors but may not be
adequate candidates for surgery.

11.2 Defining Borderline
Resectable PDAC Tumors

11.2.1 Imaging Using Contrast-
Enhanced CT

All patients with apparent localized disease are
evaluated with a contrast-enhanced computed
tomography (CT) scan, which provides essential
information about presence of regional or distant
metastases and the site and local extent of the
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primary tumor. This allows the surgeon to deter-
mine whether the patient has a resectable tumor
and the likelihood of a margin negative resection.
Multi-detector row CT is the most widely used
staging modality for pancreas cancer and a work-
horse for new patient evaluation. When per-
formed and interpreted correctly, it provides
valuable staging for both distant and regional
metastases as well as local extrapancreatic exten-
sion of the primary tumor to adjacent critical vas-
cularstructures [18]. The National Comprehensive
Cancer Network (NCCN) recommends that all
patients with suspicion for PDAC have a dedi-
cated pancreas protocol CT scan as part of the
initial evaluation (Version 2.2015). At MD
Anderson Cancer Center (MDACC), a pancreas
protocol CT scan uses water as a negative oral
contrast agent and starts with pre-contrast imag-
ing from the dome of the liver extending caudally
to include the entire liver reconstructed to 2.5 mm
slice thickness. Next, 125 ml of iodinated con-
trast is administered intravenously at a rate of
3-5 ml/s. The pancreas phase/arterial phase uses
bolus tracking, and images are obtained 10 s after
a Hounsfield unit value of 100 is reached in the
aorta at the level at the celiac axis from the dome
of the liver to the iliac crests. Images for the por-
tal venous phase are obtained at a 20 s delay from
the pancreas phase. Hepatic metastases are usu-
ally best visualized on the portal venous phase.
Delayed images are obtained 15 s after the portal
venous phase. The images are reconstructed to
2.5 mm slice thickness for imaging review and at
0.625 mm or 1.25 mm slice thickness to create
coronal and sagittal reformatted images [19].

11.2.2 CT Identification of Pertinent
Vascular Anatomy

The primary pancreatic tumor is best seen on
the pancreas phase of the CT scan and is usually
a hypodense mass, because the surrounding
normal pancreatic parenchyma enhances. The
pancreas phase/arterial phase illuminates the

branches of the celiac axis and superior mesen-
teric artery (SMA), enabling one to identify
important arterial anatomy variants and discern
whether the tumor has any arterial involvement.
As many as 40-45% of patients have variants of
“normal” hepatic arterial anatomy, which are of
vital importance to appreciate on preoperative
imaging as these variants can impact operative
planning [20]. A replaced or accessory right
hepatic artery is present in up to 15% of patients
and most commonly arises from the SMA and
courses posterior to the pancreas and posterolat-
eral to the bile duct. An additional 2.5% of
patients have a replaced common hepatic artery
(CHA) that arises from the SMA and follows a
similar path to a replaced or accessory right
hepatic artery. The superior mesenteric vein
(SMV) and portal vein (PV) are best evaluated on
the portal venous phase. The initial staging CT
scan has 94% sensitivity and 84% specificity of
determining vascular involvement, and the sur-
geon should carefully note the tumor-vein inter-
face, vein contour, and/or deformity; there are
multiple classification schemes that predict
venous involvement based on imaging character-
istics, and these should be employed for opera-
tive planning [21-24]. Additionally, the surgeon
should identify the location and relationship of
the gastroepiploic vein, colic veins, inferior mes-
enteric vein (IMV), and jejunal/ileal branches of
the superior mesenteric vein as these have vari-
able courses, and the drainage pattern directly
impacts surgical options for reconstruction of the
superior mesenteric-portal vein (SMV-PV) con-
fluence, which can be expected in over 40% of
Terminology that describes vascular
involvement has become standardized and is
reviewed in detail below. If the vascular involve-
ment is <180°, the circumference of the vessel is
termed abutment. If the vascular involvement is
>180°, the circumference of the vessel is termed
encasement. The importance of properly staging
patients and determining potential vascular
involvement is a cornerstone of treatment plan-
ning and cannot be overstated [25].

cases.
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11.2.3 Imaging Definitions
of Resectability

As patient assessment, imaging, and multidisci-
plinary treatment techniques for patients with
localized PDAC were refined in the late 1990s, it
became evident that this patient group included a
spectrum of primary tumor types from removable
to unresectable. To allow common classification,
the multidisciplinary team at MDACC developed
imaging criteria that are still in use that define
clinically resectable (CR) tumors by the follow-
ing: (1) absence of extrapancreatic disease; (2)
clear tissue plan between the tumor, the celiac
axis, hepatic artery, and SMA; and (3) a patent
SMV-PV confluence, abutment, or encasement is
allowed as long as the vessel is patent [4, 16, 26].
Locally advanced (LA) tumors are defined by the
following: (1) encasement of the celiac axis, (2)
encasement of the hepatic artery with no options
for vascular reconstruction, (3) encasement of the
SMA >180°, and (4) occlusion of the SMV-PV
confluence with no options for vascular recon-
struction [4, 16, 26]. Patients who were classified
as CR based on these imaging criteria were likely
candidates for a RO resection, while patients with
LA tumors were unlikely to respond to chemo-
therapy and/or chemoradiation to a degree that
would allow surgical resection; however,
improved response to systemic therapy increas-
ingly allowed patients with advanced tumors to
undergo resection.

Currently, NCCN defines resectable PDAC as
a tumor with no contact of celiac axis, SMA, or
CHA and no contact with the SMV-PV or <180°
contact without vein contour irregularity (Version
2.2015). LA PDAC of the head/uncinate process
is a tumor that contacts the SMA >180°, the celiac
axis >180°, the first jejunal SMA branch, and the
most proximal draining jejunal vein or has unre-
constructible SMV-PV involvement or occlusion.
Tumors of the body/tail are LA when there is con-
tact of >180° with SMA or celiac axis, contact
with the aorta, or unreconstructible SMV-PV
involvement or occlusion (Version 2.2015).

11.2.4 Imaging Criteria
for Borderline Resectable
Tumors

In 2001, Mehta et al. described a group of “mar-
ginally” resectable patients who were treated
with chemoradiation preoperatively in order to
downstage the tumor and increase the likelihood
of a margin negative resection [27]. “Marginally”
resectable was defined as a tumor in which the
perivascular fat plane was absent over 180° of the
SMA, SMYV, or PV and persisted for a length
>1 cm [27]. The NCCN adopted the term “bor-
derline resectable” in 2006 to describe patients
with localized tumors who blurred the lines
between CR and LA tumors. These patients were
felt to be at higher risk of a margin-positive resec-
tion, if upfront surgery was employed; thus, the
NCCN suggested the use of preoperative
therapy.

Over the last several years, several groups
developed specific radiographic features to define
BR-PDAC. At MDACC, the imaging criteria
used to define a BR tumor are (1) abutment of the
celiac axis, (2) abutment of the hepatic artery or
short-segment encasement, (3) abutment of the
SMA <180°, and (4) short-segment occlusion of
the SMV-PV confluence amendable to resection
and reconstruction [4, 16, 26]. The AHPBA,
SSO, and SSAT societies define BR-PDAC as
tumors with no abutment or encasement of the
celiac axis, short-segment abutment or encase-
ment of the CHA amenable to reconstruction,
abutment <180° of the SMA, or abutment with or
without impingement or narrowing of the
SMV-PV or encasement with or without occlu-
sion with suitable vein proximal and distal to
allow resection and reconstruction [28, 29]. The
difference between the MDACC and AHPBA/
SSO/SSAT definitions hinges around the extent
of SMV-PV involvement that differentiates BR
from resectable tumors (Fig. 11.2). The NCCN
definition for BR-PDAC has changed multiple
times over the years but currently includes tumors
of the head/uncinate process that contact the
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AHPBA/SSO/SSAT BLR

AHPBA/SSO/SSAT LA

MDACC PR

SMV/PV
tumor
involvement

Fig. 11.2 This schematic uses representative CT scan
images to display the overlap between definitions of bor-
derline resectability between MDACC and AHPBA/SSO/
SSAT criteria. MDACC criteria allow SMV-PV involve-

Table 11.1 Definitions of BR-PDAC

MDACC BLR

ment (P) of the tumor (T) within the potentially resectable
group but allow tumor abutment of the celiac trunk (C)
within the borderline group

MDACC AHPBA/SSO/SSAT NCCN
CA Abutment No abutment or encasement Contact <180°
CHA Abutment of short-segment | Short-segment abutment or Contact without extension
encasement encasement amenable to to celiac axis or hepatic
reconstruction artery bifurcation amenable
to resection and
reconstruction
SMA Abutment <180° Abutment <180° Contact <180°
SMV-PV Short-segment occlusion Abutment >180° or occlusion Contact of >180°, contact of
amenable to resection and amenable to resection and <180° with irregularity of
reconstruction reconstruction vein or thrombosis
amenable to resection and
reconstruction

CHA without extension to the celiac axis or the
hepatic artery bifurcation, contact <180° of the
SMA, contact >180° of the SMV or PV, contact
<180° with a contour irregularity or thrombosis
of the SMV-PV with suitable vessel proximal and
distal that will allow venous resection and recon-
struction, or contact with IVC. Tumors of the
body/tail are classified as BR when there is con-

tact of <180° with the celiac axis or contact of
>180° with the celiac axis without involvement
of the aorta and an intact and uninvolved gastro-
duodenal artery (Version 2.2015) (Table 11.1).

A current multi-institutional treatment trial
investigating preoperative FOLFIRINOX and
chemoradiation defines borderline resectable
PDAC as radiographically localized tumors with
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one or more of the following: (1) an interface
between the tumor and SMV-PV >180°, (2)
short-segment occlusion of the SMV-PV with
normal vein above and below that is amendable
to resection and reconstruction, (3) short-segment
interface between the tumor and hepatic artery
with normal artery proximal and distal that is
amendable to resection and reconstruction, and
(4) interface between the celiac axis or the SMA
<180° [30].

11.2.5 Common Themes of Imaging
Criteria

Although no consensus definition for BR has
been reached, common themes can be appreci-
ated. All BR criteria include statements regarding
the ability or inability of the surgeon to recon-
struct the SMV-PV or the hepatic artery involved
with tumor. This implies that anatomic resect-
ability is heavily dependent upon the judgment
and experience of the surgeon. The importance of
this expertise cannot be overemphasized.
Conversely, another common theme of border-
line criteria is the exclusion of tumors involving
>180° of the superior mesenteric artery: a prac-
tice largely derived from the concept that tumor
involvement of the nerves and periadventitial tis-
sue reflects an aggressive tumor biology that
likely cannot be overcome through surgical tech-
nique alone.

Key Point

e Imaging using contrast-enhanced computer-
ized tomography is necessary to stage the
patient and evaluate extrapancreatic extent of
the primary tumor.

11.3 Management

11.3.1 Multimodality Preoperative
Therapy

Despite differences in definitions of BR-PDAC,
there is agreement that these patients are at a

higher risk for margin-positive resection and that
preoperative therapy is prudent. Since initially
described by Evans and Rich in 1995 [31], the
potential benefits of preoperative therapy have
been itemized and include (1) early treatment of
micrometastatic disease, (2) higher proportion of
patients receive multimodal therapy, (3) select
patients with localized disease and more favor-
able tumor biology, who are most likely to benefit
from surgical resection, (4) increase the likeli-
hood of a RO resection, and (5) smaller radiation
fields with well-oxygenated tissue. At MDACC,
all patients with BR-PDAC receive chemother-
apy, chemoradiation, or both prior to surgical
resection. Chemotherapy regimens have contin-
ued to evolve over the years; currently, most
patients receive either gemcitabine with nab-
paclitaxel or FOLFIRINOX. External beam radi-
ation therapy is utilized and consists of 50.5 Gy
delivered in 28 fractions or 30 Gy in 10 fractions
with a concomitant radiosensitizing dose of
5-fluorouracil, gemcitabine, or capecitabine. The
most common treatment sequence for BR-PDAC
is 2-4 months of chemotherapy, followed by
chemoradiation, and a 6-week treatment break
prior to surgical resection. Patients are typically
restaged every 2 months. Patients only undergo
surgical resection if the operating surgeon and
multidisciplinary treatment group reach consen-
sus that pancreatectomy will safely achieve an
RO resection and provide a reasonable chance for
cure.

11.3.2 Restaging During Preoperative
Therapy

Restaging should include a pancreas protocol CT
scan and measurement of CA 19-9. Katz et al.
evaluated the radiographic response, using
RECIST criteria, of 129 patients with BR-PDAC
after completion of preoperative therapy (Fig.
11.3). The preoperative therapy consisted of
gemcitabine-based chemotherapy followed by
chemoradiation (30 Gy or 50.4 Gy) or chemora-
diation alone. One hundred twenty-two patients
completed therapy and were restaged, 84 (69%)
had stable disease, 15 (12%) had a partial
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Fig. 11.3 Outcomes after preoperative therapy of 129 patients with borderline tumor criteria classified by AHPBA/
SSO/SSAT and MDACC criteria. Regardless of criteria, local downstaging or progression is uncommon

response, 23 (19%) had progressive disease
(development of metastases, n = 21; primary
tumor growth, n = 2), and no patient had a com-
plete response. All patients were classified by the
MDACC and AHPBA/SSO/SSAT definitions,
and only one patient was downstaged, while
approximately 80% remained at the same stage
and 20% were upstaged [32]. Donahue et al.
reported a series of patients with BR and LA pan-
creatobiliary malignancies who were treated with
preoperative chemotherapy and were restaged
with CT/MRI imaging, which only had a 71%
sensitivity and 58% specificity for vascular
involvement after completion of preoperative
therapy [33]. Ferrone et al. reported a series of
patients with BR and LA PDAC treated with pre-
operative FOLFIRINOX with or without radia-
tion therapy, and 30% were deemed to be
resectable on posttreatment imaging. Most
patients were still classified as LA (48%) and BR
(22%), as there were no clear fat planes around
the critical vascular structures. Nonetheless, an
RO resection was achieved in 92% of the patients
[34]. Current cross-sectional imaging does not
differentiate viable tumor from fibrosis. Tzeng
et al. compared pretreatment and posttreatment

CA19-9 levels in patients with BR-PDAC [35].
All patients had a pretreatment CA19-9 >40 U/
ml and a total bilirubin <2 mg/dl. A decline in
CA19-9 was seen in 116 (82%) patients and 47
(33%) had normalization of CA19-9.
Posttreatment CA19-9 was a predictor of failure
to undergo pancreatectomy. Normalization of
CA19-9 was associated with improved median
overall survival in resected (38 versus 26 months,
p < 0.02) and unresected patients (15 versus
11 months, p = 0.02) [35]. After completion of
preoperative chemotherapy/chemoradiation,
patients without evidence of radiographic disease
progression and a decrease in CA19-9 should
undergo attempted surgical resection, if medi-
cally fit for an operation.

11.3.3 Preoperative Therapy Based
Upon MDACC Borderline
Patient Type

The application of these management approaches
is described in recent report in which 160 patients
with BR-PDAC (BR-A 84, BR-B 44, BR-C 32)
were followed prospectively (Fig. 11.4). One
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Fig.11.4 This schematic
demonstrates the overall
strategies of preoperative
therapy when employed for
patients based upon
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hundred twenty-five (78%) patients completed
induction therapy and a restaging evaluation.
Forty-three patients were determined to not be
surgical candidates: poor performance status
(n = 10), distant disease progression (n = 16), and
unresectable local-regional disease (n = 17).
Seventy-nine patients were taken to the operating
room, 13 were found to have radiographically
occult distant metastases, 4 had locally advanced
disease, and the other 63 underwent a grossly
complete resection of the primary tumor —53%
of the patients who underwent restaging. Majority
underwent a pancreaticoduodenectomy (86%),
27% required a SMV-PV resection, and an addi-
tional 3% required a hepatic artery resection. An
RO resection was achieved in 94% of the patients,
and four patients had microscopically positive
margins (2, SMA; 1, pancreatic duct; 1,bile duct).
Twenty-six (39%) patients had nodal metastases.
A partial or complete pathologic response (<50%
remaining viable tumor cells) was seen in 56% of
patients, and four (6%) had a complete patho-
logic response. Considering the entire cohort of
160 patients, 41% of patients underwent resec-
tion; the resection rate for BR-A, BR-B, and
BR-C was 38%, 50%, and 38%, respectively. The
median overall survival for the entire cohort was
18 months with a 5-year survival of 18%. For the
66 patients who completed all therapy, the
median survival was 40 months with a 5-year sur-
vival of 36% [16]. Together, these prospective
data provide support for planned and ongoing

single and multi-institutional prospective studies
evaluating this multidisciplinary approach for
patients with BR-PDAC.

Key Point
e Preoperative therapy allows selection of bor-

derline resectable patients who are fit for sur-
gery and have locally dominant PDAC.

Conclusion

Patients with BR-PDAC represent a heteroge-
neous group of patients at high risk of regional
and distant recurrence after therapy. The first
step is to evaluate, accurately identify, and
stage, so that an optimal treatment plan can be
developed. Future improvements in systemic
therapy will open the door for more patients to
receive potentially curative resection.
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12.1 Introduction

Recent awareness and widespread increasing
usage of cross-sectional imaging studies are
resulting in increased detection of incidental pan-
creatic cystic neoplasms (PCNs).

Pancreatic cysts were detected in 10% of 123
patients who underwent magnetic resonance
cholangiopancreatography (MRCP) for nonpan-
creatic diseases [1]. Likewise, abdominal mag-
netic resonance imaging (MRI) and multi-detector
computed tomography (MDCT) examinations
were associated with a 2.4-20% incidence of
PCNs [2-5]. A population-based study showed
IPMN identified in one per 1,009 persons
60 years and older [6]. All these figures indicate
that PCNs are far more frequent than previously
thought.

Most of these incidentally detected PCNs are
asymptomatic, and the vast majority of them are
branch duct intraductal papillary mucinous neo-
plasms (BD-IPMNs) (Fig. 12.1). Mucinous cystic
neoplasm (MCN) may be the second most frequent
PCN (Fig. 12.2). Other sorts of PCNs, including
serous cystic neoplasm (SCN), solid pseudopapil-
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Fig. 12.1 Magnetic resonance cholangiopancreatogram
showing multiple branch duct intraductal papillary muci-
nous neoplasms (BD-IPMNs)

Fig. 12.2 Magnetic resonance cholangiopancreatogram
demonstrating a mucinous cystic neoplasm (MCN)
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lary neoplasm (SPN), and cystically degenerated
solid neoplasms such as neuroendocrine neo-
plasm and ductal adenocarcinoma, are rather rare
and are beyond the scope of this chapter.

12.2 Guidelines for the
Management of PCNs

To date, at least eight guidelines or statements for
the management of PCNs, or more specifically
IPMN and MCN, have been published in the
English literature. Since no significant data exist
from prospective studies yet, all the guidelines
and statements are based on a critical review of
available data and consensus of experts.

12.2.1 American Society
for Gastrointestinal
Endoscopy (ASGE) Guideline

To the best of our knowledge, the guideline on
the role of endoscopy in the management of cys-
tic lesions of the pancreas published by the ASGE
in 2005 might be the first [7]. This ASGE guide-
line described the roles of endoscopic ultrasonog-
raphy (EUS) with/without EUS-guided fine
needle aspiration (FNA) with cyst content cytol-
ogy, chemistry, and tumor marker analysis for
differentiation of mucinous from non-mucinous
PCNs and for diagnosis of malignancy. The CEA
cutoff level of 192 ng/ml provided a sensitivity of
75% and a specificity of 84% for differentiating
mucinous tumors from other cystic lesions. CEA
is invariably below 5 ng/ml in SCNs, while the
level was usually, but not always (<5 ng/ml in
7%), high in mucinous cysts. Malignancy within
a PCN could be identified by cytology with
83-100% specificity, although sensitivity greatly
varied from 25% to 88%. Among a variety of
roles of endoscopic retrograde cholangiopancrea-
tography (ERCP), duodenoscopy might disclose
the highly specific finding of patulous orifice of
the papilla filled with mucin in IPMN patients.
The rest of the guideline dealt with EUS mor-
phology, cytology, chemistries, and tumor mark-
ers of the cyst content obtained by EUS-FNA,
other kinds of PCNs, and the roles of endoscopy
in the management of pancreatic fluid collection.

12.2.2 American College
of Gastroenterology
Guideline

In 2007, American College of Gastroenterology
proposed a guideline for the diagnosis and treat-
ment of PCNs with their suggestions on 13 com-
mon clinical problems [8]. This guideline dealt
with a variety of PCNs and nonneoplastic pancre-
atic cysts. Regarding IPMN, it described that the
risk of malignancy increases with older age, the
presence of symptoms, involvement of the main
pancreatic duct (MPD), dilation of the MPD over
10 mm, the presence of mural nodules, and size
over 3 cm for BD-IPMN. It also referred to cyto-
logical analysis, determination of tumor marker
concentrations, and molecular diagnostic evalua-
tions from samples obtained by EUS-FNA. It
mentioned identification of papillary projections
associated with malignant transformation and
determination of the longitudinal extent of [IPMN
by pancreatoscopy as well. The risk of malignancy
of MCN was claimed to be less than that associ-
ated with MD-IPMN and suggested by greater
size (>2 cm), cyst wall irregularity and thickening,
intracystic solid regions, an adjacent solid mass,
and perhaps calcification of the cyst wall. It also
referred to EUS-FNA but the sensitivity of cytol-
ogy was suboptimal (<50%). Resection was rec-
ommended for patients with MCN considered to
be at acceptable risk for perioperative complica-
tions as was the recommendation in MD-IPMN.

12.2.3 Korean Guideline

A Korean group reported their guideline focusing
on the treatment of BD-IPMN in 2008 [9].
Granting that many factors must be considered
when choosing between the surgical and observa-
tion options, such as operative risk based on gen-
eral condition, estimated remaining life span, the
risk of malignant transformation, and the extent
of surgery, they claimed that the cutoff of the cyst
size of BD-IPMN for malignancy prediction
should be lowered to 2 cm based on their obser-
vation of a sharp increase in malignancy potential
from 2 cm, regardless of the presence of mural
nodules. They stated that observation could only
be recommended for BD-IPMN <2 cm without
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mural nodule. They also observed 9 “combined”
pancreatic cancers (6.5%) among 31 previous or
concurrent malignancies in 29 (21.0%) of 138
patients with BD-IPMN.

12.2.4 American College
of Radiology White Paper

The American College of Radiology issued a
white paper regarding the management of inci-
dental CT findings including PCNs in 2010 [10].

The Incidental Findings Committee recom-
mended the following for managing incidental
pancreatic cysts:

1. Surgery should be considered for patients
with cysts >3 cm.

(a) Ifthe lesion is an SCN, surgery is deferred
until the cyst is >4 cm.

(b) SPN should be resected.

(c) Patient factors ultimately determine the
appropriateness of surgical treatment.

2. Patients with simple (not containing any solid
elements) cysts <3 cm can be followed.

(a) Attempts should be made to characterize
all cysts >2 cm at the time of detection.
Magnetic resonance imaging is the imag-
ing procedure of choice.

(b) Cyst aspiration is strongly advised before
any surgery is undertaken in a patient with
a cyst of this size.

(c) Cysts <2 cm can be followed less fre-
quently than those between 2 and 3 cm.

(d) Avoid characterizing cysts <1.5-2 cm
unless absolutely characteristic.

3. The presence of symptoms is a critical factor
in deciding appropriate therapy.

(a) The frequency of malignancy in small
cysts is significantly higher in symptom-
atic patients.

12.2.5 European Consensus
Statements

Consensus statements on the PCNs were reported
from the European study group on cystic tumors
of the pancreas in 2013 [11]. A total of 26 ques-
tions concerning the diagnosis, treatment, and

follow-up of IPMN, MCN, SCN, and SPN but no
other PCNs were presented along with recom-
mendations with grade classification where
appropriate. As readily expected, there were no
grade A recommendations. Resection should be
considered in all symptomatic lesions, MCN,
MD-IPMN, and SPN as well as in BD-IPMN
with mural nodules and dilation of the
MPD>6 mm considered as the most important
risks for malignancy.

The statements were unique in four points.
First, they admitted resection of cystic lesions
without any risk factors in high-volume centers
due to a cumulative risk of cancer in patients with
long life expectancy or with an increased risk for
cancer development. Also, a large SCN (>6 cm)
and location in the head of the pancreas were con-
sidered independent risk factors for aggressive
behavior that might justify surgical resection.
Second, the attitude toward EUS-FNA for
BD-IPMN was modest. They stated that EUS-
FNA with cyst fluid analysis might be used, but
there was no evidence to suggest this as a routine
diagnostic method. Third, they recognized that
there was no safe lower limit in size of BD-IPMN
that could completely exclude malignancy.
Fourth, they mentioned the limit of surveillance
for BD-IPMN. If no changes occur during the
first year of a 6-monthly follow-up, a yearly fol-
low-up is then recommended for the following
5 years, and even if the patient remains asymp-
tomatic and the IPMN unchanged, surveillance
should be continued as long as the patient is fit for
surgery. In other words, surveillance should be
stopped when the patient has become unfit for
surgery.

12.2.6 Italian Consensus Guidelines

Italian experts also issued their consensus guide-
lines for the diagnosis and follow-up of PCNs in
2014 [12]. With the characteristics of the Italian
Healthcare System taken into consideration; this
consensus was reached for each statement
according to the Delphi procedure. Both the level
of evidence and the grade of recommendation
were reported according to the Oxford criteria.
This consensus is unique in that they stressed at
the beginning that no additional examinations are
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required when the patient is found to be unfit for
any treatment and remains asymptomatic. Based
on this assumption, they reported recommenda-
tions regarding the most appropriate use and tim-
ing of various imaging techniques, the role of
circulating and cyst fluid markers, and the patho-
logic evaluation for the diagnosis and surveil-
lance of IPMN, MCN, SCN, and SPN.

Of note is a comment that a significantly
higher incidence of complications for EUS-FNA
of PCNs than for solid lesions (14% vs. 0.5%,
P < 0.001) has been reported, including hemor-
rhage, pancreatic fistula, acute pancreatitis, pan-
creatic abscess, and infection. Nonetheless,
there is a statement that a cytological examina-
tion is useful in the differential diagnosis
between benign and malignant PCNs (evidence
level 2a, recommendation grade B, agreement
100%), although the adequacy and accuracy
strongly depend on the overall institutional
experience.

12.2.7 American Gastroenterology
Association Guidelines

Most recently, two groups of the American
Gastroenterology Association (AGA) performed
an extensive literature review [13] and issued
their guidelines on the management of asymp-
tomatic PCNs employing the Grading of
Recommendations Assessment, Development,
and Evaluation (GRADE) framework [14]. Just
as expected, since all the evidences are graded as
of very low quality, all the recommendations are
conditional except for the recommendation of
surgical expertise, i.e., if surgery is considered
for a PCN, patients should be referred to a center
with demonstrated expertise in pancreatic sur-
gery (strong recommendation, very low quality
evidence).

12.2.8 International Consensus
Guidelines

The International Association of Pancreatology
(IAP) issued consensus guidelines for the man-

agement of IPMN and MCN in 2006 [15], and
these guidelines were updated in 2012 [16].
Sendai consensus for prediction of malignancy
and the clinical management of IPMN proposed
in the initial IAP guidelines was widely employed.
MD-IPMN with dilation of the MPD >10 mm
was a surgical indication as frequently malignant.
The criteria for resection of BD-IPMN comprised
of clinical symptoms (pain, pancreatitis), positive
cytology, the presence of mural nodules, MPD
dilation >6 mm, and cyst size >3 cm (“Sendai cri-
teria”). Although the cyst size >3 cm was not pro-
posed as an absolute indication for resection in
the Sendai consensus, many patients were recom-
mended surgery employing this criterion.
However, the rate of malignancy in surgical spec-
imens of this group of patients was only 13-23%
[17, 18].

Then, the international consensus guidelines
revised in 2012 (Fukuoka consensus) proposed
two-layer criteria for prediction of malignancy in
IPMN, i.e., “high-risk stigmata” to recommend
immediate resection for fit patients and “worri-
some features” to warrant complete examina-
tions by EUS (Fig. 12.3) [16]. Fukuoka consensus
is accepted well with higher sensitivity to diag-
nose main duct (MD)-IPMN and to predict
malignancy in IPMN [19-21], while the ade-
quacy of the cyst size moved from the “high-risk
stigmata” to “worrisome features” is still contro-
versial [21-24]. One meta-analysis reported that
the cyst size >3 cm was associated most strongly
with malignant IPMN [24], while another meta-
analysis declaimed that the presence of mural
nodules should be regarded most highly suspi-
cious of malignancy [21].

In this regard, there exist many reports of inva-
sive carcinoma found in BD-IPMNs <3 cm with-
out mural nodules (“flat” BD-IPMN) [23, 25].
This is contradictory to the white paper issued by
the American College of Radiology that recom-
mends avoidance of characterizing asymptomatic
small cysts <2 cm. The relationship between the
risk of malignancy and cyst size should be evalu-
ated without the influence of mural nodules or
MPD dilation.

Sadakari et al. [17] reported the frequency of
malignancy of 3.6% in BD-IPMNs >30 mm with-
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Are any of the following high-risk stigmata of malignancy present?

i) obstructive jaundice in a patient with cystic lesion of the head of the pancreas, ii) enhancing solid component within cyst,
iii) main pancreatic duct > 10 mm in size

: Are any of the following worrisome features present?
Consider Clinical: Pancreatitisa
_surgery, Imaging: i) cyst > 3 cm, ii) thickened/enhancing cyst walls, iii) main duct size 5-9 mm, iv) non-enhancing mural
if clinically nodule, v) abrupt change in caliber of pancreatic duct with distal pancreatic atrophy, vi) lymphadenopathy
appropriate l
If yes, perform endoscopic ultrasound No
Are any of these features present? y
Yes i) Definite mural nodule (s)P —>| No |—>| What is the size of largest cyst? |

i) Main duct features suspicious for involvement¢
iii) Cytology: suspicious or positive for malignancy

Inconclusive

v

]
]
v

v v
CT/MRI CT/MRI EUS in 3-6 months, then Close surveillance alternating
) yearly x 2 years, lengthen interval alternating MRI MRI with EUS every 3—-6 months.
in 2-3 yearsd then lengthen with EUS as appropriate.d Strongly consider surgery in young,

interval
if no changed

Consider surgery in young,
fit patients with need for
prolonged surveillance

fit patients

Fig. 12.3 Management algorithm with two-layer criteria
for stratifying risk factors to predict malignant changes of
branch duct intraductal papillary mucinous neoplasm
(BD-IPMN) (Cited and reproduced with permission from
Pancreatology 2012;12:183-197 with minor correction).
(a) Pancreatitis may be an indication for surgery for relief
of symptoms. (b) Differential diagnosis includes mucin
which can move with change in patient position, may be
dislodged on cyst lavage, and does not have Doppler flow.
Features of true tumor nodule include lack of mobility, the
presence of Doppler flow, and FNA of nodule showing

out mural nodules or MPD dilation (<5 mm),
while it was 26.3% when the MPD diameter was
>5 mm or more. Fritz et al. [22] reported that 17 of
69 patients (24.6%) with BD-IPMNs <3 cm
showed malignancy (invasive carcinoma or HGD),
but EUS was not performed in all the patients.
Wong et al. [23] reported 105 patients with
BD-IPMN without Sendai criteriaon EUS. Twenty-
four (34%) of 70 cysts <3 cm were invasive can-
cer, including 1 of 7 cysts <1 cm (14%), 2 of 19
cysts 1-2 cm (11%), and 21of 44 cysts 2-3 cm
(48%). On the other hand, 15 of 35 cysts (43%)
>3 cm were invasive cancer. Sixteen cysts <3 cm
(23%) had HGD, including 3 of 7 cysts <1 cm
(43%), 3 of 19 cysts 1-2 cm (16%), and 10 of 44

tumor tissue. (¢) The presence of any one of thickened
walls, intraductal mucin, or mural nodules is suggestive of
main duct involvement. In their absence, main duct
involvement is inconclusive. (d) Studies from Japan sug-
gest that on follow-up of subjects with suspected
BD-IPMN, there is increased incidence of pancreatic duc-
tal adenocarcinoma distinct from malignant transforma-
tion of the monitored BD-IPMN(s). However, it is unclear
if imaging surveillance can detect ductal adenocarcinoma
in its early phase and, if so, at what interval surveillance
imaging should be performed

cysts 2-3 cm (23%). Shimizu et al. [26] also
reported that 9.4% of 160 patients with malignant
IPMN (noninvasive 100, invasive 60) had no mural
nodules on EUS. Furthermore, Koshita et al. [27]
reported that 9 (43%) of 21 patients with invasive
IPMN had no mural nodules on EUS.

Although the reliability of EUS examination
is quite observer dependent, we have to realize
that the absence of mural nodules does not abso-
lutely guarantee the safety of IPMN. The patient’s
age, location of the cyst, medical conditions, and
operative risks must also be considered. Younger
ages of the patient should be taken into account
as well in view of the cumulative risk of cancer
development during his/her lifetime [28].
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12.3 Lengthening of Surveillance
Interval

Adequate methodologies and intervals of surveil-
lance of BD-IPMN to check the malignant
changes and/or the development of concomitant
but distinct PDAC remain to be determined.
Fukuoka consensus recommended yearly follow-
up for cysts <10 mm, 612 monthly follow-up
for cysts 10-20 mm, and 3—6 monthly follow-up
for cysts >20 mm [16]. Fukuoka consensus advo-
cated lengthening of the surveillance interval
after 2 years of no change on images, whereas it
suggested not to lengthen the intervals >6 months
in view of the relatively high incidence of con-
comitant PDAC mentioned above. A French
group claimed the adequacy of lengthening of
the surveillance intervals in view of a low inci-
dence of the malignant change in IPMN, yet they
recommended biannual imaging studies [29].
Tamura et al. [30] showed that even a 6-month
interval might be insufficient for the timely diag-
nosis of a concomitant PDAC in a patient with
IPMN.

12.4 When to Stop Surveillance

Whether we can stop surveillance of patients
with BD-IPMNS or not, and, if yes, when to stop
remain debatable. It is surely useless to continue
surveillance of those who cannot be candidates
for surgery. However, the chronological age per
se, 85 years old, for example, should not be taken
as the limit for surveillance, because the medical
condition of each patient is different.

The American College of Radiology recom-
mended stopping the surveillance after 2 years
when a small cyst shows no change [10]. Fukuoka
consensus stated that there were no good long-
term data to indicate whether surveillance can be
safely spaced to every 2 years or even discontin-
ued after long-term stability [16]. Recently, the
AGA guidelines have recommended quitting sur-
veillance when a cyst does not show a significant
change in 5 years, if high-risk features are com-
pletely negated and the patient does not have a
strong family history of PDAC [14]. They state

that the small risk of malignant progression in
stable cysts is likely outweighed by the costs of
surveillance.

However, these recommendations to stop sur-
veillance of BD-IPMNs are now questioned as
there are no long-term data to support this con-
cept, and moreover, there are so many reports of
retrospective studies addressing the long-lasting
risk of development of concomitant pancreatic
cancer in patients with [IPMNs and a history of
IPMNs [30-60]. Khannoussi et al. [46] found two
PDACs concomitant with IPMN both after
84-month follow-up and concluded that imaging
surveillance was still necessary beyond 5 years.
Likewise, Lafemina et al. [49] also noted that 5 of
the 18 patients with invasive carcinoma found in
97 patients with BD-IPMN resected developed
PDAC in a region distinct from monitored IPMN
(5.2%) and stressed the importance of consider-
ation of risk not only to the index cyst but also to
the entire gland in surveillance strategy of
IPMN. The significance of indefinite surveillance
was repeatedly noted as early as in the 2000s as
well [61, 62]. He et al. [50] also emphasized that
patients who have undergone resection for nonin-
vasive IPMN require indefinite close surveillance
because of the risks of developing a new IPMN, of
requiring surgery, and of developing cancer (0%,
7%, and 38% at 1, 5, and 10 years, respectively).
More recently, Miyasaka et al. [58] also stated that
the incidences of both malignant IPMN and con-
comitant cancer rise further even after 5 years.
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13.1 Introduction

Pancreatic neuroendocrine neoplasms (PNENSs)
are divided in functional tumors, which cause
syndromes deriving from the secretion of active
hormones, and nonfunctional tumors, which
commonly secrete hormones, not causing spe-
cific symptoms. A number of factors influence
treatment and prognosis, which are discussed in
this chapter.

13.2 Management of Functioning
Pancreatic Neuroendocrine
Neoplasms (F-PNENs)

13.2.1 Surgery for Gastrinoma

Gastrinomas are neuroendocrine neoplasms gen-
erally localized in the duodenum and pancreas
that secrete gastrin hormone, causing Zollinger-
Ellison syndrome (ZES), and are characterized
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by gastric acid hypersecretion and severe acid-
related peptic disease and diarrhea [1].

Approximately 80% of gastrinomas are spo-
radic, while 20-30% are associated with multiple
endocrine neoplasia type 1 (MEN1) [2].

Gastrinomas are the most frequent malignant,
functional pancreatic neuroendocrine neoplasms
(F-PNENSs), but only around 25% of them are
localized in the pancreas. In fact the majority of
them is found in the “gastrinoma triangle” that
comprises the head of the pancreas and the duo-
denal sweep.

Medical therapy is the mainstay in patients
with ZES in order to control acid hypersecretion
and to prevent peptic complications. Proton
pump inhibitors (PPIs) are the current standard of
care, and after their introduction, total gastrec-
tomy for control of symptoms has become
extremely rare [3].

There is general consensus that complete
resection of the primary neoplasm and the
involved lymph nodes should be offered to all
patients with sporadic ZES and potentially resect-
able disease arising from the pancreas and/or the
duodenum with no metastatic disease and who
are fit for surgery [4].

Surgery decreases the rate of development of
LM, which is the most important prognostic fac-
tor for long-term survival and to increase disease-
related survival [5].

In both sporadic gastrinoma and MENI-
associated gastrinoma, duodenal lesions are fre-
quently small, have positive lymph nodes in
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40-60% of cases, and are often not seen on pre-
operative imaging including endoscopic ultra-
sound (EUS) [6].

Experienced surgeons are usually able to iden-
tify over 90% of sporadic gastrinomas with the
combination of preoperative imaging techniques,
while intraoperative transduodenal illumination
and duodenotomy are essential in detecting very
small gastrinomas within the duodenum wall [7].

For sporadic left-sided pancreatic gastrinoma,
central or distal pancreatectomy (with or without
splenectomy) can be proposed [8].

However, the type and extent of surgery to be
offered remain a controversial issue for gastrino-
mas due to the morbidity associated with pancre-
atic surgery. Several groups have suggested that
gastrinomas should be enucleated or removed by
a formal pancreatic resection with lymphadenec-
tomy. The most common operation for duodenal
gastrinomas includes duodenotomy, enucleation
of any head or uncinate tumors, and peripancre-
atic lymph node dissection with or without distal
pancreatectomy. However, it was noted that more
conservative approaches rather than formal resec-
tions are associated with higher recurrence rates
[9]. Other groups favor more aggressive
approaches such as pancreaticoduodenectomy
(PD) as the first-line procedure both in sporadic
and MEN-associated gastrinoma [10].

Regional lymphadenectomy is recommended
in sporadic gastrinomas, independently of the
primary location, because lymph node involve-
ment is almost the rule in this type of neoplasms
[11]. A blind resection in non-radiologically seen
lesions should not be recommended and must be
carefully evaluated by a multidisciplinary setting.
A recent study demonstrated that all sporadic
gastrinomas may benefit from radical surgery
regardless of a preoperative radiological proof of
localization. In this study the disease-free rate
after curative resection was higher among patients
with no radiological proof compared with
those with radiologically seen gastrinomas [12].

Gastrinomas in MENT1 occur frequently in the
duodenum. Traditionally, MEN1-associated gas-
trinomas were considered virtually impossible to
cure with surgery, which was aimed at symptom
control and prolonging survival. More recent

studies demonstrated that patients treated conser-
vatively with medical therapy for ZES have a risk
of developing liver metastases of 23-29% com-
pared with the 3—5% in patients treated with sur-
gical resection [13]. One study demonstrated that
gastrinomas larger than 3 cm in size had a ten
times higher risk of developing liver metastases
than smaller tumors [14]. As the risk of LM is
strictly related to the size of primary lesion,
Bartsch et al. suggest to offer surgical resection if
the biochemical diagnosis is unequivocal and in
the presence of lesions >1 cm [15]. The most

appropriate  surgical treatment in MENI-
associated gastrinoma is still debated. The North
American  Neuroendocrine Tumor Society

(NANETS) consensus guidelines highlight that
PD is rarely indicated for gastrinomas in MEN1
[16].

Instead, some groups regard PD as the most
effective procedure. Lopez et al. achieved sig-
nificantly higher long-term cure rate of ZES in a
group of patients undergoing PD (92%) than in a
group receiving atypical resections (33%),
although the disease-specific 10-year survival
was not statistically different (PD group 100%,
non-PD group 89%). Notably, the two groups
had similar incidence of postoperative diabetes
mellitus and pancreatic fistula rate [10]. Even
total pancreaticoduodenectomy has been advo-
cated as an adequate procedure in selected
patients [17].

13.2.2 Surgery for Insulinoma

Insulinomas are the most common F-PNENs and
cause a syndrome characterized by severe hypo-
glycemia due to unregulated insulin secretion.
The vast majority of insulinomas are benign,
unifocal lesions, arising within the pancreatic
gland. Around 5% of the insulinomas are diag-
nosed in the setting of a MEN1 syndrome [4].
Being intra-pancreatic, they can be detected
by EUS which has greater sensitivity and speci-
ficity for lesions located inside the pancreas than
those outside of it. EUS can also elucidate
whether the tumor can be enucleated or requires
a formal resection, by measuring the distance
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from the main pancreatic duct (MPD). Surgical
treatment in most of the cases is curative, with
100% rates in some series [18]. Due to the unifo-
cality and benign nature, a laparoscopic approach
is feasible in most cases and has shown equiva-
lent outcomes for cure and shorter hospital stay
[19]. If the tumor is farer than 3 mm from the
MPD, enucleations are commonly performed,
after exploration of the whole pancreas including
intraoperative ultrasound (IOUS). Tumors of
larger size or close to the MPD should be treated
with a standard resection. In case of unclear pre-
operative tumor location, a surgical exploration is
recommended, and frozen section analysis and
insulin sampling may be required intraopera-
tively [20]. Lymphadenectomy is not routinely
required due to the most likely benign nature of
insulinomas. The use of ablative techniques
for insulinomas is controversial. Although firm
evidences are still lacking, endoscopic or percu-
taneous ablative technique may be a valid option
in patients who are unfit for surgery [18]. In those
rare malignant cases, in recurrent or metastatic
disease, a radical surgery aimed at treating
locoregional or metastatic deposits has been per-
formed and may be indicated. Peripancreatic
lymph node dissection should be performed and
resection of the primary tumor and accessible
metastases is advocated. Tumor debulking is use-
ful for reducing hypoglycemic symptoms and
improving long-term survival [21]. Insulinomas
occur in almost 20% of patient with MEN1 syn-
drome. They tend to have a more aggressive
behavior comparing to sporadic cases. They are
usually multiple and associated with an earlier
age at onset. Since insulinomas in MENI are at
higher risk for being malignant and multifocal,
formal pancreatic resections have been advocated
[22]. In MEN1-affected patients with insulinoma,
other PNENs are often present. Preoperative
localization to determine which PNENSs are the
insulinomas is mandatory. Instead, other small
NF-PNENs may be left behind in order to mini-
mize the amount of parenchyma excised. In these
patients, preoperative intra-arterial calcium injec-
tions with hepatic venous insulin sampling as
well as intraoperative insulin sampling may be
required [23].

13.2.3 Surgery for Rare Functioning
Neuroendocrine Neoplasms
(RF-NENSs)

Rare functioning neuroendocrine neoplasms
(RF-NENSs) can occur in the pancreas or in other
locations [VIPomas, somatostatinomas,
GRHomas, ACTHomas, PNENs causing carci-
noid syndrome or hypercalcemia (PTHrp-omas)].
Each RF-NEN is associated with a particular
syndrome that results from the excessive hor-
monal secretion [24]. Indications for surgery are
based on symptom control, tumor morphology
and extent, malignancy, and possible presence of
metastases.

In patients who are fit for surgery, curative
treatment should always be sought, especially if
metastatic disease is only localized to the liver
and is potentially resectable [25]. The type of sur-
gery depends on the location of the primary —
PDs, distal pancreatectomy, or other partial
resections. A proper lymphadenectomy is
required as RF-NENs are often of malignant
nature [8].

In general laparoscopic surgery is not recom-
mended because of the need for lymphadenec-
tomy and careful inspection for invasion/
metastases [4]. Cytoreductive surgery should be
considered if most of the tumor load is thought to
be resectable which may help to reduce the
amount of hormones released and potentially
extend survival, although this is not proven [26].

13.3 Management of NF-PNENs
13.3.1 Localized NF-PNENs

13.3.1.1 NF-PNETs

Most of PNET are incidentally discovered during
imaging follow-up performed for other reasons,
also due to the widespread use of high-resolution
images [27]. The incidence of PNENs <2 cm
increased by 710.4% (annual percentage change
12.8%) over the last 22 years [28]. As a conse-
quence many of these tumors have small dimen-
sion and most of patients are totally asymptomatic.
The incidental diagnosis represents a favorable
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predictor of overall survival for patients with
PNENSs. Crippa et al. published a series of 355
patients of which 124 (35%) incidentally diag-
nosed, and they showed that the 5-year
progression-free survival (PFS) was 83% and
32% for incidental and symptomatic NF-PNENS,
respectively [27]. Cheema et al. recently demon-
strated that progression-free survival rates are
significantly higher in patients with incidentally
detected lesions [29]. The presence of symptoms
occurs usually in patients with larger lesions or in
the presence of advanced disease. Patients often
present late in their course with symptoms of
mass effect or with symptoms related to metasta-
ses including abdominal pain, weight loss, and
jaundice [30, 31]. The small dimension of the
tumor, in association with the incidental finding,
is associated with a negligible risk of recurrence
after radical surgery [32, 33]. Bettini et al. showed
that only 6% of NF-PNENs <2 cm have an
aggressive behavior after radical surgery when
incidentally discovered [32]. The choice to treat
these lesions with surgery or conservatively
should be balanced with the risks and benefits of
the surgery itself. Pancreatic resections are asso-
ciated with a high risk of morbidity and mortality
rate remains around 2% also in high-volume cen-
ters [34]. Recently, Ateema et al. published a
comparison between resections for PNENs and
resections for other lesions in terms of postopera-
tive pancreatic fistula (POPF) rate. They showed
that grade B and C POPF [35] have higher inci-
dence after resection for PNENs compared with
resection for other lesions (22.7% vs 17.2), and if
compared only with PDAC, this difference is
highly significant (22.7% vs 9%) [36]. In this set-
ting, considering the less aggressive behavior of
asymptomatic NF-PNENs <2 cm, conservative
management has been proposed for these tumors.
Recently, several experiences have demonstrated
the safety of an active surveillance for small,
asymptomatic PNETs [37, 38]. No disease pro-
gression among observed NF-PNEN <2 cm was
reported in any of the published series, and sur-
gery during follow-up was indicated for 4-20%
of patients [37]. However surgery is still the treat-
ment of choice for small NF-PNETs in selected

cases. Main reasons for surgery are a rapid tumor
size increasing, a dilatation of the MPD, a suspi-
cious lymph node metastases, the presence of a
Ki67 >2%, and an excessive anxiety experienced
by the patient during follow-up. In these cases,
surgery should be tailored on the patients’ char-
acteristics and on the localization of the tumors.
Conservative, parenchyma-preserving proce-
dures should be avoided in the presence of suspi-
cious signs for malignancy (i.e., lymph node
involvement at imaging or dilatation of the
MPD). In the remaining cases, middle pancre-
atectomy is indicated for small tumors of the pan-
creatic body, whereas an enucleation should be
considered only if the main pancreatic duct can
be preserved. The main advantage for atypical
resections is the possibility to reduce as much as
possible the risk of endocrine and/or exocrine
insufficiency compared to standard resections
although they are associated with a high rate of
pancreatic fistulas [39, 40].

In both enucleation and middle pancreatec-
tomy, a lymphadenectomy is not routinely per-
formed, but a nodal sampling should be always
recommended for final histological assessment.
Atypical resection should be considered only for
small lesions with benign or uncertain behavior.
Surgical resections can be performed either open
or laparoscopically. Both laparoscopic enucle-
ation and distal pancreatectomy are safe and fea-
sible in patients with PNETs [41].

Lesions larger than 2 cm show different
behavior: they are associated with a higher risk
of malignancy and a poorer disease-free sur-
vival. The risk of nodal metastases is also higher
and is up to 50% in case of lesions >4 cm [32].
In most series, NF-PNETs >2 cm are usually
diagnosed at an advanced stage with 60-85%
presenting with synchronous liver metastases
[42, 43]. Considering the risk of malignancy all
these lesions should be treated with a standard
resection and adequate lymphadenectomy. In
case of lesions localized in the head of the pan-
creas, PD is the treatment of choice, whereas in
lesions of the body and tail of the pancreas, left
pancreatectomy (LP) and splenectomy are
indicated.
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13.3.1.2 Neuroendocrine Carcinomas
(NECs)

Neuroendocrine carcinomas (NECs) are defined
as lesions with a mitotic count of >20 mitoses per
10 high-power fields and/or a Ki67 index of
>20% (WHO 2010 G3) [44]. Pancreatic NECs
are rare (only 2-3% of all PNENs) and are asso-
ciated with a poor prognosis [45]. Most of
patients with NECs are diagnosed at advanced
stage with a high rate of nodal metastasis, higher
than 90% in some series [46]. Median survival
ranges from 11 to 21 months [47]. Curative (RO/
R1) resection of pancreatic NEC is associated
with improved survival, and in localized and
resectable disease, surgical exploration for poten-
tially curative resection should be considered.
Resection of primary pancreatic neuroendocrine
neoplasms in the presence of not resectable
hepatic metastases is still controversial, but con-
sidering their poor outcomes, palliative resection
of the primary pancreatic NEC in the setting of
not resectable liver metastases cannot be recom-
mended [48, 49].

13.3.1.3 MEN1-Associated NF-PNETs

MENI is characterized by the combined occur-
rence of primary hyperparathyroidism, duodeno-
pancreatic neuroendocrine neoplasms, and
tumors of the anterior pituitary gland. These
tumors  include  nonfunctioning  PNETs
(NF-PNETSs) (30-80%), gastrinomas (50%), and
insulinomas (20%). The presence of malignant
NF-PNEN represents one of the leading causes
of disease-specific death in these patients [50].
Nowadays, the recommendation for surgical
resection has been based on tumor size, because
of a higher rate of metastases in patients with
larger tumors [51]. Tumor size is significantly
correlated with the presence of metastases and
tumor size >30 mm is associated with a reduction
in survival time. Patients with tumors between 11
and 30 mm have a risk of death slightly, but not
significantly, higher than patients with tumors
<10 mm [15]. Surgery represents the treatment of
choice for NF-PNENs >2 cm associated with
MENI1 [52]. Many controversies remain in the
management of tumors <2 cm. No survival benefit

is demonstrated for patients with NF-PNENs
<2 cm who receive surgery compared with
patients who had conservative management [53]
[54]. PNENSs in the context of MENI1 are often
multifocal. In this setting, careful microdissec-
tion of the pancreas demonstrates multiple, small
microadenomas. While only a minority of the
microadenomas acquire the potential to grow
unrestrictedly, larger lesions may be genetically
unstable, develop secondary mutations, and will
grow into clinically relevant lesions. Prophylactic
surgery aims to remove these lesions before
malignancy develops. However, while recent data
show that early diagnosis and surgery improve
survival [55], others suggest a more conservative
approach, as their data indicate that only tumors
>2 cm are associated with an increased risk of
malignancy [56]. Pancreatic surgery is graved by
a high rate of morbidity as well as a high rate of
mortality particularly in non-referral centers. In
these patients, the texture of the pancreatic rem-
nant is usually soft. As a consequence there is an
increased risk of failure for the pancreatic anasto-
moses or suturing of the resection margins. Thus,
pancreatic surgery in patients with MEN1 syn-
drome is challenging and associated with high
risk of postoperative complications.

13.3.2 Metastatic Disease

13.3.2.1 Surgery for Liver Metastases

Liver metastases (LM) develop commonly (up to
95% in some case series) in the natural history of
NENSs [57]. Hepatic involvement differs between
primaries. Gastric, appendiceal, and rectal tumors
rarely cause metastases, while pancreatic and
small bowel have 28—78% and 67-91% incidence
rates, respectively [58]. LM represent a strong
prognostic factor, along with histologic differen-
tiation and proliferative activity. Among patients
with LM, the origin of the primary tumor influ-
ences prognosis. PNENs have the worst progno-
sis within all metastatic NENs, with 5-year
survival rates of 40-60% [59]. Patients with gas-
trinoma and no metastatic disease have 95% sur-
vival at 20 years, while only a 10-year survival of
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15% is reported when diffuse metastatic liver dis-
ease is present [60]. Most of the published series
on the management of metastatic NENs are het-
erogeneously made from different primaries
including gastro-entero-pancreatic and pulmo-
nary NENs. Although most of these tumors share
similar characteristics, long-term outcomes can
change considerably among different forms. A
recent study focused selectively on PNENs with
LM and showed improved overall and
progression-free survival in patients who under-
went radical surgery comparing to those who
underwent palliative surgery and those who had
nonoperative treatments [61].

The decision to offer liver surgery is based on
a multifactorial assessment taking into account
tumor grading (only G1-G2 should undergo liver
surgery; G3 cancers have overtly high recurrence
rates and disseminated disease), the presence of
extrahepatic disease, volume of liver remnant,
and the presence of symptoms [62]. This latter is
often developed with the onset of hepatic metas-
tases, as the result of tumor-secreted hormones
reaching the systemic circulation. Only 20-30%
of patients with metastatic disease are suitable
for radical intent at presentation [63]. Debulking
surgery (R2) in incompletely resectable meta-
static disease is not universally accepted, but par-
ticularly in symptomatic patients, it may improve
the quality of life when medical treatment failed
[62]. For surgery with curative intent, ENETS
have proposed the following criteria: (i) resect-
able G1-G2 liver disease with acceptable morbid-
ity and less than 5% mortality, (ii) absence of
right heart insufficiency, (iii) absence of unre-
sectable lymph node and extra-abdominal metas-
tases, and (iv) absence of diffuse or unresectable
peritoneal carcinomatosis [58]. The type of surgi-
cal resection depends on patient and liver condi-
tions (i.e., performance status, number and
location of hepatic deposits, complexity of the
resection, and predicted future liver remnant).
NEN LMs have been classified morphologically
as type I (single metastasis), type II (isolated
metastatic bulk accompanied by smaller depos-
its), or type III (disseminated metastatic spread)

[64]. For otherwise unresectable disease, two-
step approaches have been proposed including
portal vein embolization and two-stage hepatec-
tomies including associating liver partition to
portal vein ligation (ALPPS) [65, 66]. The over-
all survival after hepatic resection is 46-86% at
5 years and 35-79% at 10 years [58]. In compari-
son, patients who do not receive resection of liver
metastases show a survival rate of only 30-36%
[61, 67]. Selection biases due to better perfor-
mance status or less advanced disease are likely
to have influenced such differences in favor of the
outcomes associated with surgery. Nevertheless,
resection shows low mortality rate (0-5%) and
acceptable morbidity (30%). Interestingly, resec-
tions with microscopically invaded margins (R1)
do not seem to affect the overall survival [68].
Analysis of histopathology specimens revealed
that often the disease burden in the liver is under-
estimated, with almost half the number of LM
from neuroendocrine tumors undetectable on
preoperative imaging [69]. These results suggest
that NEN LM are frequently more extensive than
identified, even intraoperatively, and that a real
curative RO/R1 resection is difficult to achieve.
As a consequence, a high rate of recurrence is
reported, after a median time of 1620 months
and the majority of patients experience recur-
rence at 5 years. Robust studies comparing non-
surgical against surgical treatments are lacking
and those available are subject to relevant selec-
tion biases [70]. In the last 20 years, nonsurgical
novel techniques have become available and
gained popularity mainly as complementary
treatment options. The lack of randomized data
makes the comparison with a surgical approach
in terms of survival benefit and symptomatic
relief difficult.

13.3.2.2 Surgery of the Primary
Tumor

In Locally Advanced PNENs

An aggressive surgical approach for PNENs in
selected patients showed a survival benefit in the
presence of nearby organ invasion or the invasion
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of vascular structures for G1-G2 neoplasms. In a
recent retrospective analysis, for patients under-
going en bloc resections of adjacent organs, the
5-year DFS was 42% and did not differ from
patients undergoing pancreatic resection alone
[71]. Conversely, the results with NEC G3 were
similar to those of pancreatic adenocarcinoma,
and RO resections did not lead to improved sur-
vival rates compared to R1 and R2 resections.
However, any type of resection had better out-
comes than exploration only [72]. Selected cases
seem to benefit from alleviation of symptoms
from debulking surgery, mainly as part of multi-
modal treatment.

In Metastatic Disease

At the time of presentation, 80% of patients have
unresectable LMs. For most other malignancies,
there is little rationale to resect the primary site
when widespread, unresectable metastases are
present. However, because a prolonged life
expectancy is associated with slowly growing
PNETs, resection of the primary tumor may be
beneficial if the primary site is causing symptoms
and to avoid local complications such as intesti-
nal occlusion, mesenteric retraction, and hemor-
rhage [61]. Also, resection of the primary tumor
allows focusing the treatment on liver metastases
including liver transplantation.

Synchronous or staged resections are per-
formed if the primary and liver metastases are
both amenable to potentially curative resection.
Recurrence rates are reported as high as 89%,
mainly to the liver, and 5-year symptom-free sur-
vival and overall survival of 60% and 69%,
respectively [73]. In patients with unresectable
LMs, an advantage in terms of survival after pri-
mary pancreatic tumors resection is not clearly
demonstrated. Improved results in resected
patients may be due to a bias toward a more
aggressive surgical approach in patients with a
better performance status or less advanced dis-
ease [49]. In addition, surgery of the primary
tumor is only recommended for Gl and G2
tumors. In case of surgery for NF-PNENSs, the
choice of a pancreatic resection needs careful

evaluation due to the risks of morbidity and mor-
tality associated with major resections (i.e., PD
and total pancreatectomy) [52].

13.3.2.3 Liver Transplantation

In NEN LM in which resection is not possible,
total hepatectomy and liver transplantation (LT)
have been performed for symptom control, poten-
tial for cure, and removal of tumor burden. High
tumor grade, non-portal tumor drainage, and
extrahepatic metastases (with the exception of
resectable peri-hilar lymph node metastases) rep-
resent accepted contraindications. Sparse reports
of few cases with the initial experiences were the
only available literature in the field for years.
Recently, multicenter databases have been col-
lected, and single centers have implemented poli-
cies and guidelines for LT for metastatic
NEN. The two largest retrospective multicenter
studies so far have shown that in the absence of
poor prognostic factors, LT is associated with sat-
isfactory outcomes and can be performed alone
or in combination with the resection of the pri-
mary tumor: (i) a European study reports a large
retrospective cohort from 35 centers in 11
European countries of 213 patients who under-
went LT for NEN LMs from 1982 to 2009. At a
mean follow-up of 56 months, 17% of patients
died from early or late complications of LT, and
the 5-year overall survival rate was 52% with a
disease-specific survival rate of 30% [74]; (ii) a
study from the USA included 85 patients who
underwent LT from 1988 to 2012 at 28 centers.
One-, 3-, and 5-year patient survival rates were
83%, 60%, and 52%, respectively; 20 of 40 deaths
were due to recurrent disease. Synchronous major
primary tumor resections (i.e., pancreaticoduode-
nectomy, small bowel resection with distal pan-
createctomy, multivisceral transplant) appeared
to contribute to worse outcomes [75]. Single-
center policies have been proposed and received
nonuniform acceptance. Moving from their for-
mer experience with hepatocellular cancer, the
Milan group manage to show improved outcomes
of LT for NEN LMs by prospectively applying
strict inclusion criteria: (i) well-differentiated
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NENs (Ki67 <5%), (ii) portosystemic tumor
drainage, (iii) patient age <55 years, (iv) stable
disease for at least 6 months, (v) pretransplant RO
primary tumor resection, (vi) hepatic tumor
involvement <50% of total liver volume, and (vii)
absence of extrahepatic disease [76]. Because of
the low biological aggressiveness and slow
growth, LT is an accepted treatment for NEN
LMs. However experience is still scarce because
only 0.3% and 0.2% of transplants are performed
for such indication (European Liver Transplant
Registry and United Network for Organ Sharing
database, respectively) [77]. In the last 15 years,
short-term outcomes have improved because of
better selection of transplantation candidates,
refinement of surgical techniques, and the intro-
duction of novel immunosuppressive regimens.
In single-center series, the 5-year overall survival
rate ranged from 33% to 90%, and disease-free
survival rates from 11% to 77% at 5 years [78,
79]. Timing of transplantation (e.g., whether sta-
ble disease needs to be observed for a certain
amount of time) and selection criteria, including
the development of patient-specific biomarkers
for the identification of those who gain a long-
term benefit from the procedure, still remain
under debate.

13.3.2.4 Nonsurgical Interventions
in NF-PNENs

In patients with LM who are ineligible for com-
plete surgical resection, locoregional and ablative
modalities have been used either as a primary
treatment modality for neuroendocrine liver
metastases or as an adjunct to surgical resection
[26]. The choice of the type of procedure depends
on the local expertise, extension, and location of
liver involvement. Both functioning and non-
functioning tumors have been treated with these
approaches [80]. Locoregional treatments such
as transcatheter arterial embolization (TAE) or
chemoembolization (TACE) and selective inter-
nal radiotherapy (SIRT) have been used for the
palliation of unresectable LM. In a comparative
study TACE showed equivalent initial response
rates for symptoms control, though TACE was
associated with more durable and improved

cost-effectiveness compared to SIRT [81]. When
extrahepatic is higher than intrahepatic tumor
burden, systemic medical therapies or peptide
receptor radionuclide therapy (PRRT) is used
preferentially ~ compared to  locoregional
approaches.

As the zone of ablation is limited, ablative
techniques are applied only to smaller lesions
(typically <3 cm). Radiofrequency ablation
(RFA) is the most widespread technology, while
microwave ablation (MWA) has become avail-
able more recently but is thought to be more effi-
cacious because a shorter time is needed for each
ablation and higher intratumor temperatures can
be reached [82]. Combining resection and RFA
may provide the opportunity to achieve complete
tumor removal [83]. Symptomatic relief has been
obtained in up to 95% of patients also accompa-
nied by a significant decrease in biochemical
markers [80]. Ablation seems to play its main
role in the therapeutic management of small neu-
roendocrine LM. As most of the patients present
with grade 2 and 3 LMs, ablation mainly repre-
sents a complement to surgical resection, allow-
ing more limited resections when otherwise more
extensive hepatectomies could compromise
residual liver function [26].

Ablation is particularly useful also when sur-
gical options are limited in cases of intrahepatic
disease recurrence after previous hepatectomies.
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The History and Evolution
of Pancreaticoduodenectomy

14

James F. Griffin and Christopher L. Wolfgang

14.1 Introduction
Pancreaticoduodenectomy (PD) is the proce-
dure of choice for periampullary cancers,
which include four separate malignancies
occurring in the region of the ampulla of Vater:
pancreatic ductal adenocarcinoma (PDAC),
ampullary cancer, distal cholangiocarcinoma,
and duodenal adenocarcinoma. The evolution
of PD began as a series of isolated, indepen-
dent resection attempts in the late 19th and
early 20th centuries, but the procedure failed to
gain momentum because of its great technical
difficulty and dismal outcomes. Allen O.
Whipple and colleagues were the first to adopt
a systematic approach to radical pancreatico-
duodenal resections and by 1935, they had
demonstrated the technical feasibility of the
procedure. However, the highly morbid opera-
tion was nearly abandoned altogether after
postoperative outcomes failed to improve in
the decades following Whipple’s initial suc-
cess. Fortunately, a trend in centralization and
standardization of care beginning in the 1980s
fueled a decrease in perioperative mortality
rates that now stands at 1-2% at high volume
centers.
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14.2 The Modern Surgical Era

Prior to the mid-nineteenth century, surgical
expertise and scope was limited by two primary
barriers. First, there were no effective means of
anesthesia. Procedures had to be quick and rela-
tively straightforward in order for patients to tol-
erate them. The other barrier was the
extraordinarily high rate of surgical site infec-
tions. Infectious complications generated mortal-
ity rates exceeding 50% for patients undergoing
amputations and abdominal procedures were
almost uniformly fatal [1-3]. Together, these fac-
tors limited the majority of surgical procedures to
amputations, lancing of boils, and resection of
small subcutaneous lesions. Major surgeries were
rare and generally reserved as the last resort for
life-threatening conditions.

Change began in 1842 with the introduction of
ether anesthesia by a rural Georgia surgeon
named Crawford W. Long [4]. Although Dr.
Long’s use of ether anesthesia was well known in
the surgical circles of the Southern United States,
he did not initially publish his findings. Instead,
the technique was made famous independently
by William T. G. Morton’s widely publicized
demonstration at Massachusetts General Hospital
in 1846 [5, 6]. The arrival of ether anesthesia
eliminated the issue of human suffering and set
the stage for longer, more complex procedures.

Infectious complications were more difficult
to address because their causes were not well
understood. Germ theory had not yet been widely
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accepted and surgeons rarely cleaned their instru-
ments or hands between patients. Joseph Lister
believed that infection resulted from wound con-
tamination by airborne microorganisms and
introduced the concept of surgical antisepsis in
1867 [7, 8]. This technique relied upon the appli-
cation of carbolic acid to the wound during sur-
gery and afterwards in wound dressings to kill
any contaminating microorganisms. By the early
twentieth century, Listerian antisepsis had
evolved into early modern aseptic technique,
which was responsible for a dramatic decrease in
postoperative mortality. In one report from 1895,
the introduction of antisepsis and eventually
asepsis at the University Hospital in Munich led
to a reduction amputation-associated mortality
from greater than 60% to just 2% [2].

14.3 The First Pancreatic
Resections

The earliest pancreatic resections involved the
tail of the pancreas since it was more easily
accessible and amenable to resection without the
need for complicated reconstructions. Friedrich
Trendelenburg (1824-1924), professor of sur-
gery at the University of Bonn, is credited with
the first distal pancreatectomy in 1882 for a mas-
sive spindle cell carcinoma in the tail of the pan-
creas [9]. The procedure lasted and hour and a
half and was complicated by an injury to the
spleen requiring splenectomy. The patient suf-
fered a complicated postoperative course and
died shortly after discharge, but details regarding
the exact cause of death are unclear.

Resections in the head of the pancreas were
approached with more caution due to its intimate
association with the confluence of the biliary,
pancreatic, and gastrointestinal systems and its
proximity to major vascular structures. The
Italian surgeons Giuseppe Ruggi and Domenico
Biondi made the first attempts at pancreatic head
resection in 1889 and 1894, respectively. Ruggi
enucleated a large pancreatic head mass that did
not involve the ductal system or require a recon-
structive procedure. Biondi’s procedure was
more extensive and essentially constituted a

duodenum-sparing pancreatic head resection for
a fibroadenoma. This was the first procedure to
involve transection of the pancreatic duct and
was followed by reapproximation of the pancre-
atic remnant to the duodenum.

14.4 Early Attempts
at Pancreaticoduodenectomy

The first PD was performed in 1898 by
Alessandro Codivilla (1861-1912), an Italian
surgeon best known for his contributions to the
field of orthopedic surgery [10]. Prior to his
appointment as a professor of orthopedic sur-
gery, Codivilla was a skilled abdominal surgeon
with considerable expertise in gastric proce-
dures. His patient was a 46-year-old gentleman
who presented with several days of abdominal
distension and vomiting. Upon exploration, the
patient was found to have a large pancreatic
tumor involving the duodenum and stomach and
was not amenable to a limited resection. Instead,
Codivilla performed an ambitious en bloc resec-
tion of the pancreatic head, proximal duode-
num, distal stomach, and distal common bile
duct. His reconstruction consisted of a Roux-
en-Y gastrojejunostomy with cholecystojeju-
nostomy over Murphy buttons. He is presumed
to have ligated and oversewn the pancreatic
remnant, but this is not explicitly stated in his
operative report. Unfortunately, the patient
developed complications consistent with a pan-
creatic fistula and died in the early postoperative
period [10, 11].

William Stewart Halsted (1852-1922) per-
formed the first successful ampullary resection
at the Johns Hopkins Hospital just 5 days after
Codivilla’s PD [12]. He accessed the ampulla
through a transduodenal incision and resected
the tumor with generous margins that included
segments of the pancreatic and common bile
ducts. Using silk sutures, he restored biliopan-
creatic outflow by reimplanting the ducts into
the primary duodenal closure. The procedure
was a technical success, but the patient ulti-
mately died the following year after her cancer
recurred.
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The first successful PD was performed for
ampullary cancer in 1909 by the German sur-
geon Walther Kausch (1867-1928). He divided
the procedure into two stages, the first of which
was designed to relieve the patient’s severe
jaundice through a loop cholecystojejunostomy
and Braun anastomosis. In the second stage, he
resected most of the duodenum en bloc with a
small portion of the pancreatic head, followed
by gastrojejunostomy (GJ) and end-to-end pan-
creaticojejunostomy (PJ). Despite Kausch’s
success, he never performed another PD and
only a few more attempts are documented in the
literature over the next two decades. Among
these was the first successful one-stage PD by
Georg Hirschel of Heidelberg in 1912, which
was notable for the use of rubber tubing to
reconstruct the biliary tract. Another was the
Italian surgeon Ottorino Tenani’s successful
two-stage PD in 1918, which was the first to
utilize blood transfusion and pancreatic enzyme
supplementation.

14.5 The Whipple Era

Allen O. Whipple (1881-1963) is the father of
pancreatic surgery in North America and name-
sake of pancreaticoduodenectomy. Although he
was not the first surgeon to attempt PD, the
Whipple procedure is aptly named because he
was the first to systematically optimize it enough
for clinical relevance, the first to recognize the
importance of a truly radical resection, and the
first to mobilize the surgical community at large
into concerted action.

Whipple was surgeon-in-chief and Valentine
Mott Professor of Surgery at Columbia
Presbyterian Medical Center in New York when
he began tackling the problem of periampullary
cancer. He believed that the transduodenal
approach in use at the time carried too much
surgical risk without offering a sufficient onco-
logic benefit; patients either died from surgical
complications or survived to see their disease
rapidly recur [13]. However, Whipple was
inspired by recent advances in pancreatic sur-
gery including Roscoe Graham’s enucleation of

an insulinoma in 1929 [14] and Evarts Graham’s
subtotal pancreatectomy for hypoglycemia in
1934 [15]. These successes chipped away at the
noli me tangere perception of the pancreas by
demonstrating “that a large part of the pancreas
[could] be safely excised” [13, 16]. In 1934, fol-
lowing a failed transduodenal resection attempt,
Whipple began devoting his research efforts to
developing a safer and more oncologically
sound resection technique. Prior to Whipple,
such procedures were rarely performed due to
prohibitively high mortality rates. However, he
persevered through setbacks and methodically
improved his technique through a process of
trial and error. From his writings, Whipple
clearly understood the gravity of his undertak-
ing and frequently referenced Kehr’s belief that
“many failures would be necessary before the
radical operation would prove successful” [16,
17].

14.5.1 Whipple’'s Two-Stage
Pancreaticoduodenectomy

In 1935, Whipple presented his landmark manu-
script Treatment of Carcinoma of the Ampulla of
Vater to the American Surgical Association [13].
In it, he described a two-stage technique for the
radical resection of periampullary cancers that he
developed over the course of management for
three successive patients. The first was a 60-year-
old woman with 10 weeks of painless progressive
jaundice from an obstructing periampullary can-
cer. Like Kausch, Whipple favored a staged
approach to address the biliary obstruction and its
associated risks prior to definitive tumor resec-
tion. The first stage consisted of choledochoduo-
denostomy and cholecystostomy, followed by
transduodenal en bloc resection of the ampullary
region and a portion of the pancreatic head
7 weeks later. For reconstruction, Whipple used
chromic catgut sutures to anastomose the pancre-
atic stump to the duodenal resection window.
Although Halsted had already successfully per-
formed a similar anastomosis using silk sutures
[12], Whipple and his contemporaries preferred
catgut because they considered the duodenum a
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contaminated field. Unfortunately, Whipple failed
to account for the presence of activated pancreatic
“ferments,” which rapidly digested the absorbable
sutures. The pancreatic anastomosis subsequently
dehisced and the patient died of diffuse peritonitis
within 30 hours of the procedure.

Whipple initially opted for transduodenal exci-
sion because of the prevailing belief that the duode-
num and exocrine pancreatic function were
necessary for life. However, based on his experi-
ence with his first patient, he decided that transduo-
denal excision did not allow for wide enough
margins and was “at best . . . an inadequate attempt
at cancer surgery” [16]. Furthermore, he decided
that the pancreatic anastomosis should be avoided
since re-establishing pancreatic outflow led directly
to activation of pancreatic secretions (through
interaction with intraluminal contents) and inher-
ently endangered such an anastomosis. Undeterred,
Whipple envisioned a more radical resection based
on animal studies demonstrating survival follow-
ing total duodenectomy [18-20] and pancreatic
duct [21-23]. For his second attempt in a 53-year-
old man with periampullary cancer, he excised en
bloc a full segment of duodenum with the ampulla
and head of the pancreas followed by end-to-end
duodenoduodenostomy and pancreatic stump
exclusion. He made use of other lessons from his
earlier experience as well by replacing catgut
sutures with more durable fine silk and revising the
biliary bypass to a cholecystgastrostomy to mini-
mize interference with the definitive resection to
follow. Unfortunately, the patient developed an
anastomotic stricture and required a gastrojejunos-
tomy to bypass his duodenoduodenostomy. Despite
recovering well from this, he ultimately died 8
months after the original procedure due to cholan-
gitis. Subsequent autopsy revealed that he had
developed critical stenosis of his cholecystgastros-
tomy, but notably showed no evidence of recurrent
disease.

The second patient was further evidence for
Whipple that the duodenum was nonessential to
life. For the third patient, a 49-year-old man with
periampullary cancer, Whipple performed the
first recorded total duodenectomy in man en bloc
with a wedge-shaped portion of the pancreatic
head. Gastrointestinal continuity was maintained

through a gastrojejunostomy constructed pre-
emptively during the first stage, and the pancre-
atic stump was again excluded. This procedure
was considered a success overall, and the patient
lived another 25 months before succumbing to
metastatic disease.

Whipple made just one more significant modi-
fication to his two-stage procedure by revising the
biliary bypass to a Roux-en-Y cholecystojejunos-
tomy to address the issue of recurrent cholangitis.
His report to the American Surgical Association
reignited interest in the surgical management of
periampullary cancers and soon an entire commu-
nity of pioneering surgeons had emerged. In 1937,
Alexander Brunschwig extended the indications
for PD by performing the first successful radical
resection of a pancreatic cancer [24].

14.5.2 Whipple’'s One-Stage
Pancreaticoduodenectomy

Transition to a one-stage radical resection
occurred quite by chance on March 6, 1940.
While operating on 53-year-old woman with pre-
sumed gastric cancer, Whipple transected the
midportion of the stomach and was “astonished
and chagrined” to find that the tumor was actu-
ally located in the head of the pancreas [17].
Since the patient was not jaundiced, he proceeded
with conversion to an improvised PD by extend-
ing the usual en bloc resection to include the dis-
tal stomach along with the duodenum and head of
the pancreas. For the reconstruction, he per-
formed an antecolic loop gastrojejunostomy and
introduced the choledochojejunostomy instead of
using the gallbladder for the biliary anastomosis
[25, 26]. Pathology revealed a nonfunctioning
islet cell carcinoma, and the patient lived an addi-
tional 9 years before dying of metastatic disease.
Shortly thereafter, successful one-stage pancre-
aticoduodenectomies were independently per-
formed by Verne Hunt [27] in Los Angeles and
Ridgway Trimble [28] in Baltimore as well.
Whipple’s one-stage procedure was serendipi-
tously timed because vitamin K had just become
clinically available within the past year [25].
Vitamin K’s ability to correct the coagulopathy
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associated with prolonged biliary obstruction
eliminated much of the surgical risk driving the
need for a staged procedure. Thereafter, Whipple
recommended the one-stage technique as the pro-
cedure of choice because it avoided the increased
risk associated with two operations.

Although Whipple initially condemned
attempts at pancreatic anastomoses, he contin-
ued to struggle with complications from pan-
creatic fistulae despite his method of pancreatic
exclusion. In 1941, Hunt [27] reported a suc-
cessful pancreaticojejunostomy during a radi-
cal two-stage PD and was soon joined by
several other surgeons in adopting the pancre-
atic anastomosis [29, 30]. By 1942, Whipple
had also incorporated pancreaticojejunostomy
into his technique, which at the time consisted
of the following:

At least two days of vitamin K and bile salts ther-

apy; 2) the distal half of the stomach, the entire

duodenum, the terminal portion of the common
duct and the head of the pancreas were removed en
masse; 3) a vertical limb of the jejunum, starting at
the duodenojejunal junction, was brought up
through a rent in the mesocolon, behind the colon,
with the following anastomoses in sequence: a) a
choledochojejunostomy, end-to-end; b) an anasto-
mosis between the pancreatic duct and the wall of
the jejunal opening the size of the pancreatic duct,
followed by the tacking of the stump of the resected
pancreas to the wall of the jejunum; c) an end-to-
side gastrojejunostomy. A sum drain in the bed of

the duodenum was used. Silk technic was
employed throughout [17]

14.6 Evolution After Whipple

Whipple’s one-stage procedure remained the
gold standard for resection over the next several
decades. Although many variations were reported
over the years, already at least 68 by 1956 [31],
these generally consisted of minor changes to
one or more of the anastomoses with preservation
of the overall structure and principles pioneered
by Whipple.

In 1978, Traverso and Longmire reintroduced
the pylorus-preserving pancreaticoduodenec-
tomy (PPPD) as a method of reducing the inci-
dence of postgastrectomy syndrome and marginal

ulceration [32]. PPPD was first described in 1944
by Kenneth Watson and advocated reconstruction
via end-to-end duodenojejunostomy similar to
Whipple’s original two-stage procedure [33].
Traverso and Longmire’s PPPD employed an
end-to-side duodenojejunostomy and gained
popularity because of its simplified procedure
and faster operative times. Proponents of PPPD
believed that it reduced gastrectomy-related
complications by preserving the pyloric sphincter
complex, while detractors argued that the intact
sphincter increased delayed gastric emptying and
the more limited resection risked leaving behind
microscopic disease [34, 35]. Although studies
comparing PPPD to classical PD have been
inconsistent and often contradictory, a recent sys-
tematic review and meta-analysis of randomized,
controlled trials found that PPPD is associated
with decreased blood loss and reduced operative
times, but the two procedures are otherwise
equivalent in terms of mortality, morbidity, and
survival [36].

Whipple performed a total of 37 PDs with a
cumulative mortality rate of approximately 33%
over the course of his career [37]. Unfortunately,
the next 30 years failed to see much improvement
over Whipple’s outcomes with reported mortality
rates ranging from 20% to 40%, morbidity
between 40% and 60%, and 5-year survival rates
of less than 5% for PDAC [38, 39]. During the
1960s, some surgeons questioned whether PD,
which was already performed infrequently,
should be abandoned altogether in favor of palli-
ative bypass procedures, which some studies had
demonstrated to have better quality of life and
longer survival [40, 41].

The tide finally began to turn in the 1980s
when several institutions began reporting mortal-
ity rates of <5% [42—45]. This was not due to any
major changes in surgical technique but was the
result of a move toward centralization of care at
high-volume centers. This trend emerged from
the early successes of a few talented surgeons
who, like Whipple, made concerted efforts to
continue improving outcomes. Their initial suc-
cesses generated increasing referrals, which
fueled more progress by encouraging surgical
specialization and attracting additional talented



180

J.F. Griffin and C.L. Wolfgang

surgeons to the field. Larger caseloads allowed
surgeons to acquire more experience and greater
technical proficiency with PD, which in turn led
to faster operative times with fewer complica-
tions [46, 47]. In addition to improving surgeon
experience, higher volumes had a larger, system-
wide effect of creating demand for specialized
resources and expertise from other disciplines.
As this demand was met, centers of excellence
emerged with multidisciplinary teams to assist in
all phases of management and critical pathways
that ensured delivery of high-quality, standard-
ized care to all patients [48].

The team of surgeons led by Dr. John
L. Cameron at Johns Hopkins Hospital was
among those leading the effort to centralize care.
Between 1970 and 2006, a total of 1423 consecu-
tive PDs were performed for PDAC, and 80%
were performed by just three surgeons (John
L. Cameron, Keith D. Lillemoe, and Charles
J. Yeo) [46]. This period saw the yearly case vol-
ume rise from approximately two to more than
120 cases per year with an inverse decline in
mortality from 30% to 1%. A study conducted
between 1985 and 1995 demonstrated that Johns
Hopkins increased its share of Maryland PDs
from 21% to 59% of the total statewide volume
and the first to achieve statewide regionalization
of pancreatic surgery at a single institution. As a
result, mortality decreased from 3.2% (1984—
1987) to 1% (1992-1995), while the relative risk
at low-volume outside institutions increased from
4.4% to 12.6% [48].

14.7 Pancreaticoduodenectomy
in the Modern Era

14.7.1 Expanding Indications

Traditional indications for PD were previously
limited to “resectable” periampullary cancers,
which are early stage malignancies presenting
straightforward resections and the best possible
chance for cure. Unfortunately, in the case of
PDAC, these account for only 15-20% of
patients and a median survival of <20 months
[49]. The combination of poor long-term

outcomes, limited surgical candidacy, and
improvements in perioperative mortality has led
to the expansion of surgical indications for PD to
a broader range of patients. One such example is
the targeting of malignant precursors such as
noninvasive intraductal papillary mucinous neo-
plasms (IPMN) as a means of prophylactic inter-
vention to prevent progression to cancer
altogether [50]. Resections are also being per-
formed with increasing frequency for locally
advanced borderline resectable (BLR) disease
[51, 52]. These patients present with limited
involvement of nearby major vascular structures
and no evidence of metastatic spread. Long-term
survival may still be achieved in a subset of BLR
patients when combined with neoadjuvant ther-
apy, which helps to select patients’ good tumor
biology for subsequent resection and improves
rates of margin negativity. However, these often
present more challenging procedures that may
require vascular resection and reconstruction to
attain an RO resection. Fortunately, recent stud-
ies have shown that these can be performed
safely by experienced surgeons at high-volume
centers with no additional morbidity or mortality
[53, 54].

14.7.2 Minimally Invasive
Techniques

The most notable recent innovation in the perfor-
mance of PD is its adaptation for minimally inva-
sive (MIS) techniques. Laparoscopic (LPD) and
robotic (RPD) procedures have both been
described and are now gaining widespread accep-
tance and support.

The first LPD was performed in 1994 by
Gagner and Pomp [55] for chronic pancreatitis,
but the technique was slow to gain traction due to
its high degree of technical difficulty, significant
learning curve, and generally longer operative
times [56, 57]. Over time, studies showed that
experienced surgeons at high-volume centers
could perform LPD with morbidity or mortality
rates similar to the open procedure. Furthermore,
there was no evidence to substantiate early fears
of increased postoperative hemorrhage, delayed
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gastric emptying, or pancreatic fistulae [58-60]. References

However, LPD did demonstrate advantages in the
form of decreased surgical site infections, fewer
blood transfusions, and decreased length of stay
[58, 59, 61, 62].

Compared to LPD, RPD has the advantages
of 3-D visualization, ergonomic design, and
additional degrees of freedom that more closely
recapitulate the open procedure. Although the
technique is still in its infancy, early results
have shown morbidity and mortality rates
similar to open and laparoscopic approaches
[63—-65]. However, these results are the product
of small series performed at high-volume
centers.

Minimally invasive approaches to PD have
demonstrated safety and efficacy comparable to
the open procedure with the potential for quicker
recovery times and fewer wound-related compli-
cations when performed in select patients by
experienced surgeons. These improvements
could have a significant impact on long-term sur-
vival for some patients since wound-related com-
plications and prolonged recovery times are
major factors delaying or altogether preventing
the delivery of adjuvant therapy.

Conclusion

Although PD dates back more than a cen-
tury, its acceptance as the standard resection
for periampullary cancers is a relatively
recent event in its tumultuous history. This
is because development of the technique for
PD far outpaced development of the infra-
structure necessary to support it. The
groundbreaking efforts of Whipple and his
contemporaries led to 10 years of explosive
progress followed by over three decades of
stagnation with high mortality rates. When
perioperative mortality suddenly began to
decline in the 1980s, it was not due to
improvements in technique, since this had
remained largely unchanged. Instead, the
major precipitating factor was the concen-
tration of care at high-volume centers of
excellence, where specialized surgeons fos-
tered the development of multidisciplinary
infrastructures to assist in the care and man-
agement of their growing patient numbers.
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15.1 Introduction
Pancreatic cancer (PDAC) is one of the leading
causes of cancer-related death worldwide.
Despite the effort to develop and implement
new therapeutic strategies the incidence and
mortality of PDAC are rising [1] (The Cancer
Statistics Review (2009-2013) online). The
major problem to improve individual survival
rates is the delayed diagnosis of PDAC.
Consequently, the majority of patients have to
be excluded from surgical resection due to an
already distant spread or locally advancement
of the disease. Hence, only 10-20% of PDAC
patients are primarily eligible for potential
curative surgical approach aiming at a complete
oncologic resection of the carcinoma with neg-
ative margins (R0O). Despite controversies in
definition of true RO resection in PDAC and les-
sons learned in histological workup of the spec-
imen, tumor-free resection margins still remain
the goal of radical operation in PDAC with a
reported prolonged survival of 5-year survival
rates of up to 25% in selected series [2-7].

In 1985, 5-year survival rates of only 3% for
PDAC patients treated with surgery have been

K.-F. Karstens ¢ Y.K. Vashist ¢ J.R. Izbicki (D<)
Department of General, Visceral and Thoracic
Surgery, University of Hamburg Medical Institutions,
Hamburg, Germany

e-mail: k.karstens @uke.de; vashist@uke.de;

izbicki @uke.de

© Springer-Verlag Berlin Heidelberg 2017

reported, and operative mortality rates for pan-
creaticoduodenectomy were >10% [8]. Due to
better patient selection, centralization of such
complex surgeries in high-volume centers, an
improved perioperative management, and more
specialized surgeons, morbidity and mortality
rates have greatly improved [9, 10]. Since pan-
creaticoduodenectomy is being performed more
safely, surgeons gradually expanded the indica-
tions for surgical resection. Although surgery
is clearly contraindicated in situations such as
peritoneal carcinomatosis and liver metasta-
ses, the encasement of major vessels is no lon-
ger considered a mandatory contraindication.
Pancreaticoduodenectomy with venous resection
of the portal vein (PV) and superior mesenteric
vein (SMV) is performed routinely and has been
implemented in national guidelines [11, 12]. In
selected patients, arterial resection for the com-
mon hepatic artery (HA), superior mesenteric
artery (SMA), and celiac trunk (CT) is recom-
mended if RO resection can be achieved [13].
Although a combination of both venous and arte-
rial vascular resection is technically possible, suf-
ficient data proving the benefit are still missing.

Due to the anatomical location of the pan-
creas, tumor growth rapidly affects major abdom-
inal vessels. Since only RO resections offer the
possibility of a curative approach in patients with
PDAG, the evidence of major vascular resections
in PDAC are evaluated and potential techniques
for vascular resections in pancreaticoduodenec-
tomies are being discussed.
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15.2 Diagnosis

Preoperative staging is essential to distinguish
between PDACs that are eligible for surgery and
cases where the tumor is unresectable or distant
metastases are present.

Computer tomography (CT) scan, PET/CT,
and endoscopic ultrasound (EU)-guided fine nee-
dle biopsy have been proven as feasible tech-
niques for staging PDACs [14]. To test vascular
involvement, a high-resolution CT with a special-
ized pancreatic protocol should be performed
[15]. However, in approximately one third of the
cases, CT scan can’t identify vascular involve-
ment [16]. Hence, accurate assessment of the
vascular status remains difficult, and exploration
is mandatory before putting the patient of pallia-
tive treatment in unclear cases [14, 17].

15.2.1 Evaluation of Resectability
A reasonable number of PDAC diagnosed by CT
scan are considered to be borderline resectable

pancreatic cancers. Different classification sys-
tems for borderline resectable PDAC have been

Table 15.1 Criteria defining resectability status

proposed in the past [18, 19]. The lack of unifor-
mity led to difficulties in finding the optimal ther-
apeutic strategy in these patients [20]. In 2014,
the International Study Group for Pancreatic
Surgery (ISGPS) published a consensus state-
ment to standardize the definition of borderline
resectability with the guidelines of the National
Comprehensive Cancer Network (NCCN) and
defined the term of extended resections [15, 21].
Resectable tumors demonstrate no involvement
of the vessels or only venous contact of less than
180° without any irregularity of the venous wall.
Borderline resectability was defined as distor-
tion/narrowing/occlusion of the mesentericopor-
tal veins with the possibility to safely resect and
replace the vein. In addition, encasement of less
than 180° of the SMA or attachment at the HA
without extension to the celiac axis was also con-
sidered borderline resectable. The tumor should
be considered unresectable if the encasement of
the SMA is greater than 180° or an invasion or
encasement of the aorta is present. The tumor
should be classified unresectable as well if an
occlusion of the portal vein or a complex infiltra-
tion of the SMV without chance of reconstruc-
tion is diagnosed (see Table 15.1).

Resectability status Arterial

Venous

Resectable No arterial tumor contact

No tumor contact with the superior mesenteric
vein (SMV) or portal vein (PV) or <180°
contact without vein contour irregularity

Borderline resectable

<180°

<180°

Solid tumor contact with HA without
extension to celiac axis or hepatic
artery bifurcation allowing for safe and
complete resection and reconstruction
Solid tumor contact with the SMA of

Solid tumor contact with the CT of

Solid tumor contact with the SMV or PV of
>180° and contact of <180° with contour
irregularity of the vein or thrombosis of the
vein but with suitable vessel proximal and
distal to the site of involvement allowing for
safe and complete resection and vein
reconstruction

Solid tumor contact with the inferior vena cava

Unresectable Distant metastasis (including

jejunal SMA branch

aortic involvement

non-regional lymph node metastasis)
Solid tumor contact with SMA >180°
Solid tumor contact with the CT >180°
Solid tumor contact with the first

Solid tumor contact with the CA and

Unreconstructible SMV/PV due to tumor
involvement or occlusion (can be due to tumor
or bland thrombus)

Contact with most proximal draining jejunal
branch into SMV

Unreconstructible SMV/PV due to tumor
involvement or occlusion (can be due to tumor
or bland thrombus)

Modified from NCCN Guidelines Version 1.2016

HA common hepatic artery, SMA superior mesenteric artery, C7 celiac trunk, SMV superior mesenteric vein, PV portal vein
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15.3 Neoadjuvant Therapy

Patients with borderline resectable PDAC can be
considered as potential candidates to receive neo-
adjuvant radio-/chemotherapy [15]. However, the
treatment scheme (gemcitabine vs. 5-FU-based
protocols + radiation) is still being discussed con-
versely. New studies demonstrate that neoadju-
vant treatment should be done with the combination
of FOLFIRINOX and radiation since this combi-
nation showed promising short-term outcomes
allowing more potential RO resection [22, 23].
Tumor response like downsizing and development
of fibrosis is reevaluated after 4-6 weeks.

To determine the correct approach in each
patient, it is of great importance to preoperatively
distinguish between an arterial and a venous
involvement of the PDAC. In the case of a venous
involvement, no neoadjuvant treatment is recom-
mended, and surgical resection should be planned
accordingly if technical options for resection are
possible. Though, higher rates of intraoperative
and postoperative morbidity must be accepted
[15, 21, 24, 25].

If a borderline resectable arterial encasement
has been diagnosed preoperatively and true arte-
rial infiltration is present during surgical explora-
tion, a case-specific decision has to be made since
no clear recommendations are available. In prin-
ciple, a palliative treatment should be considered
prior to any other approach. In some cases, neo-
adjuvant therapy and consecutive re-exploration
or even immediate vascular resection in clinical
trial settings can be evaluated [15].

If arterial involvement has been diagnosed
preoperatively, neoadjuvant radio-/chemotherapy
should be considered. Although rates of down-
staging after neoadjuvant therapy have been
reported to be low in most of the patients, RO
resections were possible due to an improvement
of resectability [26-30]. However, the major
problem after neoadjuvant therapy is proper
restaging, since differentiation between vital
tumor and fibrotic tissue continues to be difficult
even with advanced imaging techniques like
PET-CT [29, 31]. Hence, surgical exploration
and immediate histopathological examination
remains the only valid option in patients with

regression or stable disease to get certain evi-
dence of the nature of the remaining tissue and in
consequence for the necessity and the extent of
further resection.

If preoperative restaging demonstrates a pro-
gression of the disease, palliative treatment should
be initiated.

15.4 Arterial Resections

Although already proposed by Appleby in 1953,
resection of the celiac trunk or the superior mes-
enteric artery is still a rare condition in pancreati-
coduodenectomies and should only be performed
in high-volume centers by experienced surgeons
[15, 32]. Emphasizing the latter statement, it
could be demonstrated that patients being oper-
ated on in high-volume centers had more tumor-
free resection margins [33]. Since perineural
invasion is common in PDAC, the level of dissec-
tion should be at the adventitia; otherwise, the
periarterial nerve plexus is not resected, which
then leads to a significant decrease in survival [34,
35]. The approach of extended vascular resection
is also supported by the study of Rehders et al.
who confirmed that there is no correlation between
vascular spread and the incidence of the spread of
tumor cells. So arterial involvement does not pre-
dict a more aggressive tumor biology, but reflects
the poor localization of the disease [36].

15.4.1 Superior Mesenteric Artery
(SMA)

The area most infiltrated by the tumor is the mar-
gin toward the SMA [37]. Because of this, the
“artery-first” procedure was developed. In
general, before mobilizing the pancreatic head,
the SMA is identified and dissected alongside its
anatomical location. Then the neck of the pan-
creas and the stomach is separated. For this
approach, several techniques have been proposed
so far. Some start with a left-sided and others
with a right-sided arterial resection and some
with a supracolic approach [38-42]. Difficulties
with the technique can occur in obese patients
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and with large tumors. In most cases, the SMA is
reconstructed with a saphenous vein graft; how-
ever, transposition of the splenic artery is also an
option. In addition, the “artery-first” approach
has not only been proposed in conventional pan-
creaticoduodenectomies but also in field of mini-
mal invasive surgery [43].

The “artery-first” technique allows identifying
true involvement of the SMA before committing
an irreversible step during surgery. It also pro-
vides a good balance between achieving tumor-
free resection margins and preserving the nerve
plexus around the SMA, which is important to
avoid postoperative diarrhea. Except for the latter
reasons, the approach also provides an early vas-
cular control of the SMA and the SMV.

One of the common hepatic artery variations
is the replacement of the right hepatic artery,
which directly arises from the SMA (Michels III)
and is located behind the pancreatic head. In
addition, the common HA can also be completely
replaced by a vessel, which directly originates
from the SMA (Michels IX) [44-46]. These con-
ditions should be known preoperatively. The
“artery-first” approach allows early identification
and handling of vascular anomalies [47].

15.4.2 Celiac Trunk and Common
Hepatic Artery

Distal splenopancreatectomy with resection of
the celiac trunk (CT) or the common hepatic
artery (HA) is performed more frequently in bor-
derline resectable PDACs. Several modifications
of the original Appleby’s procedure have been
published [48, 49]. The CT or HA is resected in
approximately 20% of all arterial resections per-
formed for advanced PDACs [50]. The challenge
of resecting the CT or HA is to simultaneously
sustain perfusion of the liver, which should be
taken over by the collateral flow through the pan-
creaticoduodenal arcade and the gastroduodenal
artery. When performing Appleby’s procedure, a
constant monitoring of the vascularization of the
liver is mandatory. This can be achieved by

assessment of the color and tension of the liver
supported by intraoperative Doppler ultrasound.
The arterial flow should be greater than 22 cm/s
in order to prevent liver ischemia, postoperative
liver failure, and infection, which could lead to
biliary complications [51, 52]. The celiac trunk
can be resected down to its origin from the aorta.
In case of insufficient perfusion by the collaterals
or necessity of total pancreaticoduodenectomy
due to oncologic reasons, reconstruction is pos-
sible as long as the proper HA can be preserved.
Reconstruction can either be done by primary
tension-free end-to-end anastomosis or by using
a venous, arterial, or synthetic graft [48]. The
right gastric and gastroepiploic arteries should be
conserved to secure adequate perfusion of the
stomach.

15.4.3 Outcome

Few studies with a small numbers of patients
included have evaluated the outcome after arte-
rial resection [13, 37, 50, 53]. In general, the ana-
lyzed data is heterogeneous, and most of the
conducted studies were non-randomized and ret-
rospective. So reliable data on this topic are still
missing. The meta-analysis of Mollberg et al.
demonstrated that arterial resection is associated
with increased perioperative morbidity and
mortality as well as with a reduced 1-year sur-
vival as compared to the patients with venous
vascular resection. Though, patients with
advanced PDAC and arterial resection showed a
better survival as compared to patients with
advanced PDAC without any surgical interven-
tion [13, 53]. Another study supports the results
of the latter meta-analysis in regard to more
tumor-free margins and better patient survival
after arterial resection [37]. In summary, arterial
resection should only be performed in high-vol-
ume centers by experienced surgeons and only in
selected patients. Thereby, similar survival rates
between vascular resected and nonvascular
resected patients of up to a median of 18 months
can be achieved [54, 52].
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15.5 Venous Resections

15.5.1 Superior Mesenteric Vein
and Portal Vein

Resection of the superior mesenteric and portal
vein has gained concurrent acceptance to achieve
tumor-free margins in centers for pancreatic sur-
gery over the last decades. If suspicion of venous
involvement has been raised in preoperative
imaging, the subsequent vessel should be treated
as truly involved during surgery to avoid experi-
mental dissection and potential opening of the
tumor. The localization of the tumor plays an
important role in further management. If tumor
involvement is close to the confluence of the
splenic and mesenteric vein, resection and con-
secutive reconstruction can be performed more
easily since the lumen is large enough to create a
reliable anastomosis. The farther distal the tumor
is located from the confluence the more limited
the technical options in resection and reconstruc-
tion of the SMV are [15].

Depending on the relation of the tumor to the
vein, varying techniques in venous resections
have been performed. If only minimal contact to
the vessel is present, a partial venous excision
with direct closure (venorraphy) or closure by a
patch is suitable.

In general, if local resection of the SMV is not
possible, the mesenteric root should be mobilized
completely by dissecting the retroperitoneal
adhesions of the right hemicolon [55]. This pro-
vides great maneuverability of the SMV and con-
secutively improves alignment for anastomosis.

Segmental resection with primary venovenous
anastomosis or segmental resection with inter-
posed venous graft is necessary if tangential
resection of the vein is not possible [56, 57]. The
clamp time of the SMV and PV should be kept to
a minimum to reduce edema of the bowel. The
vascular graft can either be autologous (e.g.,
saphenous vein) or synthetic (e.g., goretex).
Implanting a synthetic graft saves operation time,
since no additional venous harvesting is needed,
but bears the risk of every synthetic material in

Table 15.2 Proposed ISGPS classification of venous
resections

Type | Classification

1 Partial venous excision with direct closure
(venorraphy) by suture closure

11 Partial venous excision using a patch

1 Segmental resection with primary venovenous
anastomosis

v Segmental resection with interposed venous

conduit and at least two anastomoses

regard to infection and anastomotic leakage.
Especially in the setting of an increased risk for
developing pancreatic fistulas, graft infection can
become chronic and eventually lead to hemor-
rhage. Though, in a series of 110 patients, no dif-
ferences in morbidity and mortality between
different types of portal vein reconstruction tech-
niques were observed [58]. Since more evidenced-
based data of venous reconstructions are needed,
the ISGPS proposed a classification of venous
resections to standardize nomenclature for
improved recommendations in the future (see
Table 15.2) [15].

15.5.2 Outcome

In two systematic reviews, no differences in
morbidity and mortality have been observed for
patients undergoing pancreaticoduodenectomy
with and without venous resection [25, 59]. The
latter studies demonstrated 3-year survival rates
of 16-19.4% and 5-year survival rates of
7-12.3%, which are better than palliative treat-
ment alone. The most important factors for sur-
vival were depth and the length of venous
involvement and tumor-free resection margins.
Patients with less than 3 cm of tumor involve-
ment yielded a better survival than patients with
more than 3 cm of tumor attachment. In addi-
tion, true involvement of the intima seems to be
a factor of poor prognosis even in RO resections
[60-62]. After pancreaticoduodenectomy with
venous resection, patients should receive adju-
vant chemotherapy to further improve survival
rates [63].
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Venous resection during surgery for pancre-
atic cancer has become a standard procedure in
recent years and has been included in several
guidelines for pancreatic surgery. It should be
performed on a routine basis by experienced sur-
geons if complete resection of the tumor can be
achieved.

Conclusion

Tumor infiltration either venous or arterial is
no contraindication for resection in PDAC
anymore. Extensive preoperative workup with
regard to vascular anatomy and surgical toler-
ance is mandatory. Correct staging after neo-
adjuvant therapy remains challenging, but is
essential for patient selection to further
improve long-term outcomes. Especially arte-
rial resections should only be performed in
selected patients in high-volume centers.
Further prospective randomized trials are
needed to elucidate the benefits of arterial
resections.
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16.1 Introduction

Pancreatic ductal adenocarcinoma (PDAC) is
the most lethal cancer of the human digestive
system and is the fourth leading cause of can-
cer-related death worldwide. Approximately
10-20% of PDAC patients can undergo poten-
tially curative surgery after diagnosis, which
results in a long-term 5-year survival rate of
20-25%, meaning only 2-5% of all PDAC
patients survive for 5 years [1-3]. Although the
treatment strategies for PDAC have changed in
recent years, particularly with the development
of antineoplastic agents such as gemcitabine
[4], surgery with curative intent remains the
only therapeutic option that has the potential for
a cure [5-8]. The poor prognosis after surgery
has been attributed to early lymph node involve-
ment and distant metastasis as well as to a strong
tendency of the cancer cells to spread along the
peripancreatic neural plexuses and to infiltrate
into the retropancreatic tissue.
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16.2 Anatomy
Around the Pancreatic Head

The posterior side of the pancreatic head is
covered by the fusion fascia of Treitz, which is
histologically composed of a loose connective
tissue membrane (Fig. 16.1). Pancreatic head
cancer generally infiltrates to the left side along
the fusion fascia of Treitz and is less likely to
infiltrate directly into the inferior vena cava and
the aorta [9].

The concept of the nerve plexus around the
pancreatic head was first reported by Yoshioka in
1958 [10]. The Japan Pancreas Society incorpo-
rated this concept and a corresponding diagram
in the third version of the General Rules for the
Study of Pancreatic Cancer in 1986 [11]. In this

Fusion fascia of Treitz

Duodenum

Fusion fascia
of Toldt

Inf. vena cava Aorta

Fig. 16.1 The fusion fascia of the pancreatic head is
called the “fusion fascia of Treitz” and that of the pancre-
atic body and tail is the “fusion fascia of Toldt.” Inf infe-
rior (From reference Kimura [9])
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Right celiac ganglion

ganglion
PL ph |

PL ph Il
Uncinate process

PL sma

Fig.16.2 The extrapancreatic nerve plexuses were cate-
gorized into seven groups according to the General Rules
for the Study of Pancreatic Cancer. PL ph I pancreatic
head plexus I, PL ph II pancreatic head plexus II, PL sma
superior mesenteric arterial plexus, PL cha common
hepatic artery plexus, PL hdl plexus within the hepatoduo-
denal ligament, PL sp. splenic plexus, PL ce celiac plexus
(From reference Japan Pancreas Society [11])

classification, the extrapancreatic nerve plexuses
were categorized into seven groups: pancreatic
head plexus I (PL ph I), pancreatic head plexus II
(PL ph II), superior mesenteric arterial plexus
(PL sma), common hepatic artery plexus (PL
cha), plexus within the hepatoduodenal ligament
(PL hdl), splenic plexus (PL sp), and celiac
plexus (PL ce) (Fig. 16.2). After extrapancreatic
nerve plexus invasion, particularly PL ph I and
PL sma invasion, was found to have a correlation
with patient prognosis and lymph node involve-
ment along the superior mesenteric artery (SMA),
it was adopted as a staging factor in the fifth edi-
tion of the General Rules for the Study of
Pancreatic Cancer. However, the plexuses
seemed to be exaggerated in this diagram because
no dense nerve fibers had been shown in the pre-
vious anatomical report (Fig. 16.3) [12].

In 2007, Gockel et al. introduced the concept of
the “mesopancreas” (Fig. 16.4) [13]. The mesopan-
creas is a retropancreatic structure extending from
the back of the pancreatic head to the SMA, includ-
ing the lymphatic system, vessels, and nerves,
which corresponds to PL ph I and PL ph II accord-
ing to the General Rules for the Study of Pancreatic
Cancer [14]. Gockel and colleagues were the first to
anatomically or surgically classify this structure.
They advocated a complete resection of the

Fig. 16.3 Schema indicating the branches that originate
from the posterior hepatic plexus (PHPIx) and superior
mesenteric plexus (SMPIx) and spread on the deep sur-
face of the head. (a) Twigs (twiglike nerves) indepen-
dently running from the PHPIx to the pancreatic head.
(b) Twigs originating from the SMPIx innervating the
uncinated process. Ao aorta, CBD common bile duct, Duo
duodenum, PIPDA posterior inferior pancreaticoduodenal
artery, PV portal vein (From reference Yi et al. [12])

J

L
—

Nl

/1\\

Mesopancreas

Fig. 16.4 The mesopancreas strains itself dorsally of the
mesenteric vessels as a whitish-firm, fatty tissue-like layer
(From reference Gockel et al. [13])

mesopancreas to achieve curability of a pancreatic
head tumor with direct or indirect invasion of the
major vessels or regional lymph node metastasis.
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16.3 Nerve Plexus Invasion
by Pancreatic Cancer

The pancreas is richly innervated by nerve fibers
of the autonomic nervous system, and extrapan-
creatic nerve plexus invasion is known to be one
of the most significant prognostic factors in
patients with PDAC. Given the poor prognosis of
patients with extrapancreatic nerve plexus inva-
sion, preoperative diagnosis including multide-
tector computed tomography (MDCT) is crucial
for staging and for treatment decision such as
neoadjuvant therapy. Mochizuki et al. catego-
rized four CT patterns of extrapancreatic nerve
plexus invasion as follows (Fig. 16.5): (a) fine
reticular and linear pattern (fine lines (less than
2 mm in diameter) and fine reticula (reticulation
composed of fine reticular lines with abundant
intermingled fat density)), (b) coarse reticular
pattern (coarse reticula (reticulation also com-
posed of reticular lines with less intermingled fat
density)), (c) mass and strand pattern (over 2-mm
diameter mass or strand-shaped soft tissue den-
sity connecting to the PDAC), and (d) nodular
pattern (over 2-mm diameter isolated nodules)
[15]. A point-by-point correlation between the
MDCT findings and pathological specimens at
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the same section revealed that the (b) coarse
reticular pattern and (c) mass and strand pattern
reflected extrapancreatic nerve plexus invasion.

16.4 Pancreatic Cancer Surgery

Several randomized controlled trials and meta-
analyses have concluded that prophylactic
extended radical lymph node dissection does not
contribute to improved survival after surgery
[16-22]. Recently, Jang et al. compared standard
pancreatoduodenectomy including dissection of
proximal lymph nodes with extended pancreato-
duodenectomy with extensive dissection of
lymph nodes and the right half of the nerve plexus
around the superior mesenteric artery (SMA).
Their study revealed no significant differences in
overall survival [22].

On the other hand, outcomes related to the
resection margin have been controversial.
Several authors have reported that a positive
resection margin is a poor prognostic indicator,
whereas other studies have failed to demonstrate
a difference [23-29]. In 2012, Konstantinidis
et al. proposed a “true” RO resection (no evi-
dence of malignancy in any of the resection

Fig.16.5 Summaries of the four CT patterns. Top: sche-
mas. Bottom: contrast-enhanced CT images correspond-
ing to the respective schemas. (a) Fine reticular and linear

pattern (arrow). (b) Coarse reticular pattern (arrow). (c)
Mass and strand pattern (arrows). (d) Nodular pattern
(arrows) (From reference Mochizuki et al. [15])
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Fig.16.6 (a) Photograph of the resected specimen with
PL ph II invasion. (a) CT scan image corresponding to
A. The carcinoma spread from the left side of lower
uncinate process along the inferior pancreaticoduodenal
artery, continued behind the SMA, and finally extended
to the left side of the SMA. Red, yellow, green, and blue
enclosures on the photograph indicate the area of the

margin) and showed that patients with RO resec-
tions had a favorable survival compared with
those with R1 resections (23 vs. 14 months;
P <0.001). However, survival after resections of
1-mm margin or less (RO-close) was similar to
that of R1 resections; both groups had a signifi-
cantly shorter median survival than patients
with a margin of greater than 1 mm (RO-wide)
(16 vs. 14 vs. 35 months in the RO-close, R1,
and RO-wide groups, respectively; P < 0.001)
[30]. They concluded that RO resections have an
improved survival compared with R1 resections
but that this survival benefit is lost when the
tumor is within 1 mm of the resection margin. It
remains unclear whether small differences in
the procedures contribute to patient survival
after surgery because PDAC is extremely malig-
nant; however, the procedure should be com-
pleted if the invasiveness of the procedure is
acceptable to the patient.

To date, whether the complete resection of the
mesopancreas is involved in disease recurrence
and patient survival after surgery for pancreatic
head cancer remains unclear. However, the meso-
pancreas was reported to be the most frequent
site of R1 resections [31]; therefore, total exci-
sion of the mesopancreas and complete circum-
ferential lymphadenectomy have recently been

primary tumor, extrapancreatic nerve plexus invasion,
lymph node metastasis, and retropancreatic tissue inva-
sion, respectively. Red arrowheads on the CT scan
image indicate the primary tumor. CBD indicates the
common bile duct, WD Wirsung duct, /PDA inferior
pancreaticoduodenal artery (From reference Makino
et al. [35])

considered to be key points in curative surgery, as
described by several authors [31-34].

Nerve plexus invasion frequently spreads
toward the dorsal side of the PL sma (Fig. 16.6)
[35]. PDAC abutting the SMA not exceeding 180
degrees of the circumference of the vessel wall is
defined as “borderline resectable” disease; how-
ever, up-front surgery for this condition is highly
controversial. We compared between patients
who underwent up-front surgery and patients
who underwent neoadjuvant chemoradiotherapy
(NACRT) followed by surgery [36]. The rate of
curative resection was statistically similar. The
results of the propensity score weighted logistic
regressions indicated that the incidences of path-
ological lymph node metastasis and a pathologi-
cal positive resection margin were significantly
lower in the NACRT group (odds ratio, 0.006;
P < 0.001 and odds ratio, 0.007; P < 0.001,
respectively). Among the propensity score-
matched patients, the estimated 1- and 2-year
survival rates in the NACRT group were signifi-
cantly longer than those in the up-front surgery
group. Therefore, we concluded that NACRT,
rather than up-front surgery, provided short-term
clinical benefits and better survival in patients
with PDAC in contact with the major arteries
(Fig. 16.7) [36].
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Fig. 16.7 (a) Kaplan—Meier curves for disease-specific
survival after the initiation of treatment for unmatched
patients who underwent up-front surgery (N =71) or neoad-
juvant chemoradiotherapy (NACRT) (N = 21; P = 0.001).
The median survival times in the up-front surgery and
NACRT groups were 13.1 and 29.1 months, respectively.
(b) Kaplan—Meier survival curves for the propensity score-
matched upfront surgery (N = 17) and NACRT (N = 17)

16.5 Complete Resection of the
Mesopancreas (Including the
Retroperitoneal Nerve
Plexus) Using the Mesenteric
Approach

1. The first step of the mesenteric approach [37] is
to incise the transverse mesocolon between the
superior border of the Treitz ligament and the
inferior border of the third portion of the duode-
num (Fig. 16.8). All connective tissues around
the SMA and superior mesenteric vein (SMV)
are dissected toward the lower border of the
pancreatic head region to expose the SMA and
SMV (Fig. 16.9). The middle colic artery is
ligated and divided at the root (Fig. 16.10).

Matched patients

1.0
Log rank test
o 08 - P=0.007
© [
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> 0.6 .
S 1
§ 1'. NACRT group
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] I
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0.0
0 10 20 30 40
Months after initiation of treatment
No. at risk
NACRT 17 14 8 5 2
Upfront 17 1 2 1 0
b

groups (P = 0.007). In the upfront surgery group, the
median survival time was 13.9 months, and the estimated
1- and 2-year survival rates were 66.7% and 16.0%, respec-
tively. In the NACRT group, the median survival time could
not be calculated because the survival curve did not reach
the 50% line before the end of the study, and the estimated
1- and 2-year survival rates were 80.0% and 65.2%, respec-
tively (From reference Fujii et al. [36])

Ligament of Treitz |

Duodenum
3rd portion =

Fig. 16.8 Incision in the transverse mesocolon between
the superior border of the Treitz ligament and the inferior
border of the third portion of the duodenum
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WY

N Ligament of Treitz

A

Fig. 16.9 All connective tissues around the SMA and
SMV are dissected toward the lower border of the pancre-
atic head region

Fig.16.10 The middle colic artery is ligated and divided
at the root

2. The IPDA, Ist jejunal artery, and a common
trunk of these two arteries are divided
(Fig. 16.11).

3. Total mesopancreas excision is completed
(Fig. 16.12).

Fig. 16.11 The IPDA and the Ist jejunal artery are
exposed

PV anastomosis

Fig.16.12 Total mesopancreas excision is completed
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17.1 Introduction
Despite advanced radiographic images, operative
techniques, operative managements, and
chemo(radiation) therapies, the survival for pan-
creatic cancer patients is still dismal. Curative
treatment for pancreatic cancer is only surgical
resection with negative surgical margins (R0) and
adjuvant therapy. RO rates are lower in the
advanced pancreatic cancer with involvement of
the major arteries, including the superior mesen-
teric artery (SMA), common hepatic artery, or
celiac artery than in resectable pancreatic cancer
without vascular invasion [1-5]. Pancreatic head
cancer often invades to the superior mesenteric
vein (SMV) as well as SMA; therefore, the dis-
sected margins around the SMV and/or SMA are
favorable possible cancer-positive sites [6-9].
Since “artery-first approach” during pancreat-
icoduodenectomy was reported in 2010 [10], the
term has become widespread. The concept of
“artery-first approach” is that pancreaticoduode-
nectomy starts from the dissection of the sur-
rounding tissues around the SMA [6, 10]. The
aims of “artery-first approach” are (1) early
determination of the resectability for pancreatic
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cancer, (2) complete dissection of the connected
tissues around the SMA, and (3) control of blood
flow into the pancreatic head [6, 10—12]. Several
different “artery-first approach” techniques have
been reported [10, 11, 13-21]. This chapter intro-
duces “mesenteric approach” [11], which is one
of the “artery-first approach” techniques during
pancreaticoduodenectomy.

17.2 Surgical Resection
for Pancreatic Head Cancer

Only curative treatment for pancreatic cancer is
surgical resection and adjuvant therapy.
However, the recurrence rates have been
still high, and the 5-year survival rate after sur-
gical resection has been still low in pancreatic
cancer patients. National Comprehensive
Cancer Network (NCCN) guideline has defined
the resectability of pancreatic cancer, and the
criteria become widespread [2]. The NCCN
criteria defining the resectability of pancreatic
cancer without distant metastasis are based on
the involvement extents of major arteries
(superior mesenteric artery, common hepatic
artery, or celiac artery), and of the portal vein
(PV) and/or superior mesenteric vein (SMV),
and categorized pancreatic cancers as resect-
able, borderline resectable, or unresectable
pancreatic cancer [2]. The therapeutic strategy
for pancreatic cancer is determined according
to the resectability, which means surgery first,

201

S.-W. Kim, H. Yamaue (eds.), Pancreatic Cancer, DOI 10.1007/978-3-662-47181-4_17


mailto:yamaue-h@wakayama-med.ac.jp

202

S. Hirono and H. Yamaue

neoadjuvant therapy followed by surgery, or
chemo(radiation) therapy. Therefore, the deter-
mination of the resectability is the most impor-
tant step for pancreatic cancer patients [2].

High-resolution dynamic computed tomogra-
phy (CT) predicts the resectability with a high
accuracy in pancreatic cancer [22-24]. However,
the diagnosis whether true cancer invasion or
inflammation mimicking cancer invasion to the
major arteries or PV/SMV is difficult, especially
after neoadjuvant therapy [25]. Therefore, the
resectability is diagnosed finally at the operation,
and one aim of “artery-first approach” is early
determination of the resectability before commit-
ting an irreversible step in operation.

Curative surgical resection (R0) is essential to
prolong the survival for pancreatic cancer patients.
Favorable positive surgical margins are the con-
nective tissues around the major arteries or PV/
SMV [6-9]. As operative techniques and postop-
erative management are advanced, the PV/SMV
resection and reconstruction have been reported as
a safe and feasible procedure [26-28]. Therefore,
if cancer invasion to the PV/SMV is suspected
pre- or intraoperatively, PV/SMV resection is
usually performed during pancreatectomy to
obtain the negative surgical margins. However,
resection and reconstruction of the major arteries
during pancreatectomy for RO resection are con-
troversial, because the procedure might cause
high mobility and mortality rates and there have
been not enough evidences that resection of the
major arteries improves the survival for advanced
pancreatic cancer patients [29, 30].

In pancreatic head cancer, the connective tis-
sues around the SMA are the most frequent posi-
tive surgical margin spot. The surrounding tissues
around the SMA included lymphatic, nervous,
and vascular structures toward the third and fourth
portions of the duodenum and proximal jejunum
as well as pancreatic head. Not enough dissection
of this area may cause local recurrence around the
SMA after surgery and poor survival for pancre-
atic head cancer. Other aim of “artery-first
approach” is complete dissection of the connec-
tive tissues around the SMA to obtain the negative
surgical margins for pancreatic head cancer.
Complete dissection behind the SMA and SMV is

a difficult step during pancreaticoduodenectomy,
and several “artery-first approach” techniques,
which are feasible for the dissection around the
SMA, have been reported [10, 11, 13-21]. In this
chapter, “mesenteric approach” is introduced as
one technique of “artery-first approach” during
pancreaticoduodenectomy [11].

17.3 Optimal Dissection Area
Around the Superior
Mesenteric Artery
and Superior Mesenteric
Vein for Pancreatic Head
Cancer

One of the favorable R1 or R2 spots for pancreatic
head cancer is dissected margins around the SMA
[6-9]. Retropancreatic structures extending the
SMA included vascularized and nerve-rich lam-
ina, including the first and second nerve plexuses
around the pancreatic head (pIPh-I and plPh-II) to
the SMA and right celiac ganglion, named by the
Japanese General Rules for the Study of Pancreatic
Cancer [31], and inferior pancreaticoduodenal
artery (IPDA), which often forms the common
trunk with the jejunal artery, jejunal veins, and
lymph nodes. These connected tissues around the
SMA and SMV are usually called “mesopan-
creas” [7, 11, 12, 31-35] or “mesopancreatoduo-
denum” [9]. Complete excision of these tissues is
considered to be necessary to obtain negative sur-
gical margins for pancreatic head cancer.
“Artery-first approach” is the term coined by
Weitz and coworkers [10], as the procedure allow-
ing an earlier dissection of the connective tissues
around the SMA and SMV during pancreatico-
duodenectomy. The aims of “artery-first
approach” are (1) early judgment of the resect-
ability in advanced pancreatic head cancer, by
clearance margins around the SMA, (2) gaining
RO resection rates, and (3) reduction of intraop-
erative blood loss by avoiding venous congestion
in the pancreatic head specimen [6, 10—12]. The
term “artery-first approach” during pancreatico-
duodenectomy has become widespread since
then, and several techniques of “artery-first
approach” have been reviewed in 2012 [6].
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17.4 Advantages of “Artery-First
Approach” for Pancreatic
Head Cancer

17.4.1 Early Determination
of Resectability for Pancreatic
Cancer

Asradiographic imaging using three-dimensional
CT advances, the diagnosis of the resectability in
pancreatic head cancer is more accurate recently
[22-24]. However, preoperative determination of
cancer involvement extent of the tissues around
the SMA is sometimes difficult, especially in
advanced pancreatic head cancer after neoadju-
vant therapy [25]. Therefore, the decision of
resectability should be made early in operation
by dissection of surrounding tissues around the
SMA first, and “artery-first approach” arises
from this concept [10].

17.4.2 Gaining Negative Surgical
Margins Around the SMA

“Artery-first approach” allows complete dissec-
tion of the tissues behind the SMA and SMV
early in operation, where dissection of this region
is a difficult step during pancreaticoduodenec-
tomy [9—12]. If the dissection of this region is not
enough, the rate of positive margin may increase,
which causes increase of local recurrence and
shorten the survival for pancreatic head cancer
patients. Some retrospective studies reported that
the RO rates were higher and local recurrence
rates were lower in “artery-first approach” pan-
creaticoduodenectomy than in standard pancre-
aticoduodenectomy [9, 12].

17.4.3 Reducing Intraoperative
Blood Loss

“Artery-first approach” allows control of early
blood inflow into the pancreatic head by early
ligating the IPDA in operation, which may lead
to reduction of intraoperative blood loss and
transfusion rates [9, 12].
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17.5 Mesenteric Approach

Nakao et al. first reported ‘“mesenteric
approach” during pancreaticoduodenectomy
for pancreatic head cancer in 1993 [11]. They
suggested non-touch isolation technique, the
concept of which is that the pancreatic head is
not manipulated (Kocher’s maneuver) prior to
ligating and dividing the arteries supplying the
pancreatic head [11]. Therefore, this approach
starts from the dissection of lymph node, arter-
ies, veins, and nerve plexus around the SMA at
the mesentery cranially toward the mesenteric
root. “Infracolic approach” named by Weitz
et al. [10] and “total mesopancreatoduodenum
excision” named by Kawabata et al. [9] are sim-
ilar techniques to “mesenteric approach,”
although “infracolic approach” starts from the
identification of the origin of the SMA by
Kocher’s maneuver.

This approach has some advantages of “artery-
first approach,” and it is useful especially for the
pancreatic head cancer involving the mesocolon
and/or SMV as well as the SMA because of gain-
ing the well-opened view by dissection of the
connective tissues around the SMA [6, 9-12].
However, the technique may be difficult in some
patients, such as obese patients or patients with a
high origin of the SMA [6, 10].

17.6 The Surgical Procedure
of Mesenteric
Approach During
Pancreaticoduodenectomy

The mesenterium is incised from the Treitz liga-
ment to the inferior duodenal flexure after lifting
the transverse colon cranially and bringing the
upper jejunum caudally to identify the SMA and
SMV. The middle colic artery is exposed arising
from the anterior side of the SMA easily, and this
artery is usually divided if pancreatic cancer
invasion is severe (Fig. 17.1). The dissection of
connective tissues around the SMA starts from
the left side of the SMA, and the origins of IPDA
and the first jejunal artery are identified at the left
posterior side of the SMA (Fig.17.2). IPDA
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Fig. 17.1 The superior mesenteric artery (SMA) and
superior mesenteric vein (SMV) are identified at the infra-
colic mesentery. The middle colic artery is usually divided
if cancer invasion is severe

Fig.17.2 The origins of the inferior pancreaticoduodenal
artery (IPDA) and the first jejunal artery are identified by
dissection of the connective tissues around the SMA from
the left side

forms usually the common trunk with the fist
jejunal artery; however, IPDA is sometimes
found to branch from the SMA separately. It is
important to check the location of the IPDA and
the first jejunal artery by the preoperative CT
imaging to proceed with this dissection success-
fully. After the origin of the common trunk of the
IPDA and the first jejunal artery is ligated and
divided, by pulling the tape of the SMA to the left

Preserved left

side nerve plexus
, of the SMA ¥

Fig. 17.3 The left side of nerve plexus of the SMA is
preserved to prevent postoperative severe diarrhea

side, the connective tissue around the SMA
containing neurovascular bundle that includes
the pIPh-I and plPh-II and lymph nodes was dis-
sected up to the origin of the SMA in a longitudi-
nal direction.

The appropriate dissection of the nerve
plexus of the SMA, which means circumferen-
tial dissection, semicircle dissection, or no dis-
section, is controversial. The nerve plexus
dissection of the SMA could cause postopera-
tive severe diarrhea and may delay the start of
the adjuvant therapy [36, 37]. Furthermore, it is
reported that the semicircle dissection of the
nerve plexus of the SMA could not improve the
survival for the patients with resectable pancre-
atic cancer [36]. Therefore, the nerve plexus of
the SMA may not be necessary for pancreatic
cancer without invasion to the nerve plexus
around the SMA. However, borderline resect-
able pancreatic cancer sometimes needs semi-
circle or circumferential dissection of the SMA
to obtain the negative margins (RO). If the nerve
dissection is necessary, the nerve plexus of the
SMA is also dissected outside of the SMA
adventitial during dissection of the connective
tissues around the SMA (Fig. 17.3).

The connective tissues around the SM'V also
are dissected, and the inferior pancreaticoduo-
denal vein, first jejunal vein, Henle’s gastro-
colic trunk, and middle colic vein (if necessary)
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Fig. 17.4 Mesenteric approach is finished at the time of
completion of dissection around the SMA and SMV

are ligated and divided. Mesenteric approach is
finished at the time of completion of dissection
around the SMA and SMV (Fig. 17.4).

Conclusion

“Mesenteric approach” is a feasible “artery-
first approach” technique during pancreatico-
duodenectomy. Recent some retrospective
reports described the superiority of “artery-first
approach” to standard pancreaticoduodenec-
tomy. However, further prospective studies are
necessary to confirm the superiority of “mesen-
teric approach” pancreaticoduodenectomy.
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18.1 Background

Pancreatic resection for cancer continues to
evolve. Invasion of portal-superior mesenteric
vein is no longer considered a contraindication
for pancreatoduodenectomy (PD), and resection
of the vein is often used to achieve a negative
resection margin [1-3]. In contrast, involvement
of superior mesenteric artery is still considered a
contraindication for PD, and resection of SMA is
not routinely offered [4].

The need to determine whether the SMA is
involved at an early stage during PD or distal
pancreatectomy and before any irreversible
steps are undertaken, i.e. transection of the
neck of the pancreas, has led to the develop-
ment of artery-first approach. This approach is
founded on the principle that the status of the
SMA and common hepatic artery (CHA) in
regard to tumour encasement and/or invasion
has become the primary determinant of resect-
ability. High-resolution computerized tomogra-
phy (CT) is performed routinely prior to PD

S. Pandanaboyana, MS, FRCS, MPhil (D<)

J.A. Windsor

Department of Surgery, Faculty of Medical

and Health Sciences, University of Auckland,
Auckland City Hospital, Auckland, New Zealand
e-mail: spandanaboyana@adhb.govt.nz;
j-windsor@auckland.ac.nz

© Springer-Verlag Berlin Heidelberg 2017

and has a 95% accuracy in determining resect-
ability [5]. Despite this accuracy, trial dissec-
tion remains the gold standard to determine true
resectability, and this is particularly the case in
patients after neoadjuvant chemotherapy for
‘borderline resectable’ disease [6]. In this set-
ting, the accuracy of CT staging is greatly
reduced, with a positive predictive value of
25% [7] because it is not possible to distinguish
tumour invasion from peritumoural inflamma-
tion and the effects of neoadjuvant therapy.
Thus, the historical criteria for determining
resectability by cross-sectional imaging are no
longer applicable, and this means that an AFA
to trial dissection is particularly important in
determining resectability at an early stage of
pancreatic resection.

18.1.1 Technical Descriptions
of Artery-First Approaches
to Cancer of Pancreatic Head

There are six different techniques of the AFA in
the literature. These are summarized briefly here
(Fig. 18.1).

18.1.1.1 Posterior Approach

The first technical description of AFA was
described in 2003 by Pessaux et al. [8], and this
was for a posterior approach to the SMA. The
posterior approach is the most commonly per-
formed technique, and there have been several
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Fig.18.1 Demonstrating the six approaches to the SMA.
S superior approach, P posterior approach, R right/medial
uncinate approach, M mesenteric approach, L left poste-
rior approach, A anterior approach

modifications [9-11]. Following an initial
exploratory laparotomy, an extended kocheriza-
tion of the duodenum is performed exposing the
inferior vena cava, left renal vein and abdominal
aorta. This is assisted by full mobilization of the
right colon and hepatic flexure to the left of mid-
line. The pulsations of the SMA are identified in
front the left renal vein, and the perivascular
connective tissue is incised to expose the adven-
titia of the SMA. The dissection on the adventi-
tia of the SMA is continued in a caudal direction
posterior to the pancreatic head to where it
crosses the third part of the duodenum further
dividing the attachments between the SMA and
uncinate process to expose the border of the
PV-SMV. The origins of the superior pancreati-
coduodenal and inferior pancreaticoduodenal
(IPDA) arteries are divided as they enter the
pancreatic head and uncinate process, respec-
tively. Care must be taken to identify a replaced
right hepatic artery that usually arises 1-2 cm
from the origin of the SMA. By now, all of the
connective tissue attachments between the PV
and the SMA have also been divided, and a neg-
ative SMA margin confirmed, with frozen sec-
tion if necessary.

18.1.1.2 Maedial or Uncinate
Approach

In 2010, Hackert and co-workers [12] described a
medial or ‘uncinate-first’ approach to the
SMA. Following an initial extended kocheriza-
tion, a Cattell-Braasch manoeuvre is performed,
which involves dissection along the right-sided
white line of Toldt and then across the small
bowel mesenteric root, which allows the colon
and small bowel to be retracted well to the left,
facilitating exposure of the SMV as it passes over
the third part of the duodenum. The pancreas is
dissected free from the SMV, often requiring the
division of two or three venous tributaries. The
duodenojejunal (DJ) flexure is then mobilized,
and the proximal jejunum transected and trans-
posed to the right abdomen by passing it behind
the superior mesenteric vessels. Further exposure
of the SMA and SMV is facilitated by division of
proximal jejunum although this is not always
necessary. The Cattell-Braasch manoeuvre facil-
itates retraction of the right colon and small
bowel to the left, which lifts and rotates the SMV
up and to the left, and with retraction of the third
and fourth parts of the duodenum to the right, the
SMA is rotated into view under the SMV. It is
then possible to dissect down on the medial
aspect of the SMA in a cephalad direction under
the neck of the pancreas. The IPDA and RRHA
are encountered and divided on the way, similar
to the posterior approach.

A modified medial uncinate approach is
described by Shukla and colleagues [13] in 2007
which entails division of the ligament of Treitz
and translocation of the proximal jejunum with
its intact mesentery into the supracolic compart-
ment, by passing it to the right under the superior
mesenteric vessels. This is said to facilitate align-
ment of the uncinate process with the jejunal
mesentery, enabling easier dissection of the SMV
and SMA.
18.1.1.3 Inferior Infracolic Approach
(Mesenteric Approach)

In 2010, Weitz and co-workers [14] coined the
term ‘artery-first approach’ and described the
inferior approach to the SMA from the infracolic
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compartment, at the base of the transverse meso-
colon. Mobilization of the DJ flexure is per-
formed initially, and the peritoneum is divided
over the palpable SMA. The SMA is exposed,
with the SMV to the right. The middle colic
artery is identified arising from the SMA and
coursing anteriorly within the transverse mesoco-
lon. The IPDA is identified on the right aspect of
the SMA as it enters the uncinate process under
the SMV. The IPDA is divided, and dissection
continues up and along the anterior and right
medial aspect of the SMA to its origin, under the
neck of the pancreas and splenic vein. This
approach exposes the SMA in the infracolic com-
partment at the root of the mesentery.

18.1.1.4 Left Posterior Approach
Kurosaki and colleagues in 2011 [15] described
the left posterior approach to the superior mesen-
teric vascular pedicle. Following division of liga-
ment of Treitz, the proximal jejunum is pulled to
the left exposing the first and second jejunal arter-
ies which are divided at their origin from the
SMA. Further traction on the proximal jejunum
produces a counterclockwise rotation to the SMA
that allows identification and division of the
IPDA, arising from the posterior surface of the
SMA in addition to enabling clearance of the pos-
terior and right aspects of the SMA. With the
SMA freed and retracted to the right, and with
the proximal jejunum still retracted to the left, the
SMYV appears under the SMA, and the first jejunal
branch of the SMV is divided. The SMV is then
skeletonized up to its confluence with the splenic
vein. This frees the superior mesenteric pedicle
from the uncinate process and the mesentery of
the proximal jejunum. The jejunum is then divided
and the duodenum transposed to the right, allow-
ing exposure and division of the remaining con-
nective tissue where it attaches to the superior
mesenteric pedicle.

18.1.1.5 Inferior Supracolic Approach
(Anterior Approach)

Hirota and co-workers [16] described the inferior
supracolic approach in 2011. An initial division
of the gastric antrum is described; however, it is

possible to expose the pancreatic neck by cepha-
lad retraction of the stomach after division of the
gastrocolic ligament without division of the gas-
tric antrum. The next step in this technique is to
divide the pancreatic neck to expose the SMV—
PV junction, but it is worth doing as much dissec-
tion as possible by elevating the inferior edge of
the pancreas to determine resectability before
division of the pancreas. The authors then
describe the ‘hanging manoeuvre’, which
involves passing a tape along the right surface of
the aorta to the origin of the SMA and coeliac
trunk, and then passing it between the CHA and
the superior margin of the pancreatic neck, after
first dissecting this area. Traction on this tape
exposes the peripancreatic retroperitoneal margin
with the neural plexi and lymphatics and facili-
tates their division. The next step is a ‘reversed
kocherization’” with en bloc mobilization of the
duodenum and pancreatic head, in a medial to
right lateral direction, in a plane deep to Gerota’s
fascia and anterior to the left renal vein and infe-
rior vena cava. The disadvantage of the technique
as originally described is the (irreversible) tran-
section of the stomach and pancreatic neck at an
early stage to achieve adequate exposure of the
SMA, but this is not always necessary.

Inoue and colleagues [17] more recently
described the supracolic anterior approach to the
superior mesenteric artery with an aim to under-
taking systematic mesopancreas dissection to
achieve adequate clearance of perineural and lym-
phatic tissue and negative margins along the
SMA. After an initial extended kocherization, the
right side of the SMA root is identified in front of
the LRV. The gastrocolic ligament and greater
omentum are then dissected until the pancreas
head is well exposed. The duodenum is dissected
to the left, exposing the superior mesenteric vein
(SMV) from the right side. The SMV is dissected
and taped, and Henle’s gastrocolic trunk and infe-
rior pancreaticoduodenal vein are sacrificed. By
retracting the SMV leftward, the first jejunal vein
is identified. This also enables visual inspection
and palpation of the SMA. The mesopancreas
division is initiated from the caudal end anteriorly
to the immediate right of the JV, which would be
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preserved throughout dissection. The mesopan-
creas is divided layer to layer exposing the
IPDA. In cases where the uncinate process extends
to the left of the SMA, the first jejunal vein is
divided at its origin from the SMV to gain more
access. If there is SMV involvement by the tumour,
the dissection plane around the SMA is just out-
side of the adventitia usually from 11 to 5 o’clock,
peeling off the nerve plexus around the SMA like
a plate. In cases where there is a common trunk of
IPDA and first jejunal artery, the common trunk is
divided at its root. After separation of the SMA
from the pancreatic head, the dissection is carried
caudally until it reaches the left renal vein com-
pleting the SMA artery-first dissection.

18.1.1.6 Superior Approach

In this approach, the hepatoduodenal ligament is
dissected first to expose the CHA and the gastro-
duodenal artery by dissecting from right to left to
remove the anterior lymph nodes en bloc or sepa-
rately. The dissection is then carried down the
coeliac trunk, inside the perineural and lymphatic
tissue, on to the aorta and origin of the SMA,
aided by caudal retraction of the pancreas.

18.1.2 Technical Description
of Artery-First Approaches
to Cancer of Pancreatic Body

More recently, an AFA has been described for
borderline resectable pancreatic cancer of the
body of the pancreas during the radical antegrade
modular pancreatectomy (RAMP) [18, 19]. This
facilitates the identification and dissection of the
SMA behind the body of the pancreas. Following
an initial exploratory laparotomy, the ligament of
Treitz is divided to expose the left side of the DJ
flexure, and further dissection is carried out to
expose the anterior surface of the aorta, IVC and
left renal vein together with the origin of the
SMA from the aorta. This enables adequate clear-
ance of posterior surgical margin. The dissection
is then directed to the supracolic compartment
with division of the gastrocolic ligament thereby
exposing the inferior border of the pancreas. The
middle colic artery in the transverse mesocolon is

traced caudally to help identify the SMA. The
SMA is then fully exposed from the origin of the
middle colic artery to the origin of the SMA. If
there is tumour infiltration of the MCA and trans-
verse mesocolon, resection of these should be
undertaken, and in the majority of cases, the mar-
ginal artery of Drummond is sufficient. Following
confirmation of clear SMA margins, the PV—
SMV trunk is freed from the posterior aspect of
the pancreas. This will enable passage of a dis-
secting forceps from the inferior border of the
pancreas, anterior to the SMA towards the infe-
rior border of the coeliac trunk. This technique
termed as the pancreas hanging manoeuvre
enables or allows elevation of the pancreas away
from the SMA to obtain a wide view of the ante-
rior surface of the SMA. A standard radical ante-
grade modular pancreatosplenectomy (RAMPS)
procedure is then undertaken to complete the
pancreatosplenectomy (Ref).

Indications, advantages and disadvantages of
the AFAs are summarized in Table 18.1.

18.1.3 Impact of AFA on Outcomes

The current published data regarding the impact
of AFA on perioperative outcomes is conflicting.
Blood loss is said to be reduced because all AFAs
allow identification and ligation of IPDA at an
earlier stage of the dissection. Three studies com-
paring standard PD to AFA PD have shown
reduced blood loss with an AFA [17, 20, 21],
while others did not show any difference [15, 23].
The perioperative morbidity, mortality and hospi-
tal stay were comparable with both approaches
[15, 17, 20, 21, 23]. Similarly, published data
showed the lymph node yield was similar for
both approaches. However, more recent data
from Leeds (unpublished data) has shown higher
median lymph node yield in the SMA-first group
28 (range 13-50) vs 21 (range 5-50).

More recent data on survival after AFA is
more encouraging with data suggesting improved
survival [15, 16]; however, the studies were non-
randomized and retrospective in design, and
long-term data is not available. The left poste-
rior approach [15] was associated with fewer
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Table 18.1 Summary of indications, advantages and disadvantages of various ‘artery-first approaches’

Approach

References

Indication(s)

Advantages and disadvantages

Posterior

Pessaux et al.
(20006) [13]

Postero-medial
tumour in the head/
neck, especially
involving the PV/
SMV

Periampullary tumour
extending from the
body to the head

Advantages

Early identification of SMA involvement
Identification of replaced RHA

Enables adequate retropancreatic
lymphadenectomy

Early identification of SMV involvement and
facilitates en bloc resection

Disadvantages

Difficult in cases of PD with peripancreatic
inflammation and adhesions around the head of the
pancreas

Medial uncinate

Hackert et al.
(2010) [19]
Shukla et al.
(2007) [23]

Malignant tumours of
the uncinate process

Advantages

Early identification of SMA involvement at the
uncinate

Early ligation of IPDA arteries minimizing
bleeding

Useful approach in peripancreatic inflammation
with difficulty tunnelling above the portal vein
Useful approach for total pancreatectomy as
mobilization can be achieved without transecting
the gland

Disadvantages

Late identification of replaced RHA

Inferior infracolic
(mesenteric
approach)

Weitz et al.
(2010) [20]

Locally advanced
tumours with
questionable
infiltration of SMA

at its origin from the
aorta

Malignant tumours of
uncinate and ventral
pancreas

Advantages

Early identification of replaced right hepatic artery
Allows better exposure and dissection of the
region posterior to the SMA

Early ligation of IPDA thereby minimizing
bleeding

Disadvantages

Difficult in morbidly obese patients

Difficult exposure in cases with high origin of

the SMA

Left posterior
approach

Kurosaki et al.

(2011) [21]

Tumours along the
uncinate and ventral
pancreas

Advantages

Facilitates skeletonization of SMA in the
retroperitoneum without kocherization
of the duodenum

Early ligation of IPDA

Disadvantages

Extensive dissection of SMA requiring
antidiarrhoeals

Inferior supracolic
(anterior
approach)

Hirato et al.
(2010) [22]

Tumours along the
inferior border of the
pancreas

Advantages

Facilitates better retroperitoneal dissection
especially with locally advanced tumours with
neoadjuvant treatment

A ‘no-touch technique’ with en bloc kocherization
theoretically prevents tumour cell dissemination
Disadvantages

Early division of the stomach and neck of the
pancreas

Superior

Malignant tumours of
the superior border of
pancreas

Advantages

Early identification of CHA, celiac and SMA
involvement

Disadvantages

Difficult exposure in cases with low origin of
the SMA
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recurrences (10% vs 37%; p = 0.006) and
improved survival compared to the standard PD
[1- and 3-year survival rates 90% and 53% (AFA)
vs 80% and 16% (standard PD); p = 0.004].
Similarly, the inferior supracolic approach (ante-
rior approach) [16] has been shown to achieve an
RO rate of 82% for pancreatic adenocarcinoma
and 91% for biliary adenocarcinoma, with a com-
bined overall 2-year survival rate for these sub-
groups of 75%. Similarly unpublished data from
Leeds Pancreatic Unit has shown a trend towards
improved disease-free survival (median 13 vs
19 months) and overall survival (median 19 vs
30 months) in the AFA group; however, this was
not statistically significant (p =0.19 and p =0.18).

There are no published data comparing sur-
vival from standard and AFA RAMPS. The RO
rate after AFA RAMPS has been published as
82% and 100% [18, 19]. There was also a higher
lymph node yield 26 (range 9-80) compared with
published data after standard RAMPS [24]. At
the median follow-up after surgery of 12.4 months
(range 3.5-16.4 months), the overall survival rate
was 100% at 1 year. The 1-year disease-free sur-
vival rate was 91%. No long-term data is cur-
rently available.

18.2 Discussion

The driving force for the AFA was the need for
early identification of SMA involvement before
the point of no return and to facilitate the accurate
dissection of the SMA (posteromedial) margin of
the pancreas to give the best chance of a negative
resection margin. The SMA margin is the most
commonly involved margin during an R1 resec-
tion [25] especially in patients undergoing PD
with vein resection. The ubiquitous finding of
perineural invasion in pancreatic ductal adenocar-
cinoma helps explain the high risk of a positive
margin, as periarterial neural plexus surround the
origin of the SMA. The existing evidence suggests
that the AFA improves the negative margin rate
during distal pancreatectomy, but the effect on
overall survival is difficult to determine because of
the effect of neoadjuvant therapy. It therefore
remains an open question as to whether the AFAs

alone can improve the margin status after
PD. Another important advantage of the AFA is
that the surgeon is more likely to identify SMA
involvement at an earlier stage of the trial dissec-
tion, before the point of no return, and can stop the
operation and elect for neoadjuvant therapy to
increase the chance of a margin-negative resec-
tion. Recent studies have shown impressive out-
comes after neoadjuvant chemotherapy with
FOLFIRINOX-based regimens, including an
impressive 64% RO resection rate in borderline
resectable [25]. It is particularly with these patients
that AFA has an important and defined role, as it is
often difficult to differentiate tumour from inflam-
mation and fibrosis. Another situation in which the
AFA is helpful is in those who will require resec-
tion of the PV-SMV. Here, the early dissection of
the SMA leaves only the tumour to the vein, and
this often facilitates the vein resection, reducing
the venous clamp time and probably reduces blood
loss. The AFA is also useful for the early identifi-
cation and dissection of an anomalous RHA, espe-
cially when it requires preservation as the sole
supply to the right liver. The most recent publica-
tions indicate an emerging role for AFA in the
RAMP procedure for borderline resectable pan-
creatic body and neck tumours. Data suggests a
superior negative margin rate, but evidence for
long-term survival benefit is lacking. In conclu-
sion, there is insufficient evidence for the routine
use of AFA for PD, especially in relation to onco-
logical benefits. Nevertheless, the various AFAs
provide the surgeon with range of options based
on the location and size of the tumour to undertake
trial dissection to determine SMA involvement
before the point of no return both for tumours in
the head and body of the pancreas.
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19.1 Background

Regarding the optimal extirpation technique for
gastrointestinal cancers, many surgical oncolo-
gists have historically advocated en bloc resec-
tion of the cancer and cancer-bearing regions
including lymph nodes (LNs) and organ paren-
chyma in the region of the stomach [1-3], colon
[4], rectum [5], and liver [6]. Although the onco-
logical benefit of this method has been proven in
only a limited number of reports [3, 7], the prin-
ciple has gained popularity among surgeons
worldwide. Particularly for colonic cancers, en
bloc resection of the cancer-bearing intestine and
mesocolon with high ligation of the supplying
arteries of corresponding regions is termed cen-
tral vascular ligation (CVL) [4]. To date, how-
ever, CVL during pancreaticoduodenectomy
(PD) has rarely been discussed, where margin-
negative resection often depends on adequate dis-
section around the superior mesenteric artery
(SMA).

Concurrently with introduction of the artery-
first approach, the concept of “mesopancreas”
was suggested as one of the important oncologi-
cal concepts during PD [8]. The mesopancreas
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represents a retropancreatic structure extending
to and behind the SMA, including well-
vascularized and nerve-rich lamina, which cor-
responds to the first and second nerve plexus of
the pancreas head (pIPh-I and pIPh-II) according
to the Japanese General Rules for the Study of
Pancreatic Cancer [9]. In this chapter, we describe
a procedure for mesopancreas excision or SMA
dissection that uses the SMA hanging technique
following the supracolic anterior artery-first
approach to facilitate CVL. This technique is
based on the anatomical features around the SMA
and ligament of Treitz, and its performance is
feasible without special devices or expertise.

19.2 Concept of Central Vascular
Ligation in Pancreaticoduo-
denectomy (PD-CVL)

Figure 19.1a shows the conceptual schema of vas-
cular anatomy of the digestive system, wherein
the anatomical intestinal rotation was released
and each organ was arranged in a single plane
[10]. The pancreas head is connected to the SMA
system, celiac ganglion, and celiac axis system. In
this chapter, “the mesopancreas” is defined as the
neurovascular bundle that includes the plPh-I,
pIPh-II, inferior pancreaticoduodenal arteries
(IPDAs), jejunal arteries (JAs), jejunal veins
(JVs), and LNs. When we perform CVL, the sup-
plying arteries of pancreas head, i.e., IPDAs and
gastroduodenal artery, should be ligated at their
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a

Fig.19.1 Conceptual schema of central vascular ligation
during pancreaticoduodenectomy (quoted from reference
[10] with modification). (a) Magnified view of systems
around the pancreas head with the components arranged
in a single plane. The mesopancreas includes the plPh-1,
plPh-2, arteries, and veins. (b) Level 1 dissection, which
aims to resect the pancreas head alone without systematic

root (Fig. 19.1a). Because IPDA often has a com-
mon trunk with the 1st or 2nd JA, CVL would
cover up to the watershed of the corresponding
jejunal artery. In our theory described previously
as systematic mesopancreas dissection [11], level
1 dissection aims to resect the pancreas head
without LNs dissection in artery-first fashion as
depicted in Fig. 19.1b. Level 2 dissection includes
complete mesopancreas excision and systematic
dissection of regional LNs around the SMA (Fig.
19.1c). Level 3 dissection is extended dissection
involving hemi-circumferential resection of nerve
plexus of the SMA (pISMA), facilitating to maxi-
mize the resection margin toward the SMA
(Fig. 19.1d). In this chapter, we describe the detail
of level 2 and 3 dissection around the SMA for
pancreatic cancers using CVL by supracolic ante-
rior artery-first approach.

J — N
Peritumoral invasion ,}ﬁ—"

lymph nodes (LNs) dissection. (¢) Level 2 dissection,
which aims to dissect the pancreas head and the mesopan-
creas en bloc. (d) Level 3 dissection, which aims to dis-
sect the pancreas head, the mesopancreas, and the
hemi-circumferential nerve plexus around the SMA and if
needed the celiac axis

19.3 PD-CVL Surgical Technique

19.3.1 Abdominal Exploration
and Preparation for PD-CVL

After an upper abdominal midline incision, the
peritoneal cavity is explored to confirm the
tumor stage and operability. After a wide Kocher
maneuver, the para-aortic LNs are explored and
resected if necessary. The duodenum is dissected
to the left, exposing the superior mesenteric vein
(SMV) from the right side. The gastrocolic liga-
ment and greater omentum is then dissected until
the pancreas head is well exposed. The superior
right colic vein is ligated routinely, followed by
further dissection along the same plane to expose
the middle colic artery, which is exposed to its
root to identify the SMA and to dissect the LNs
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above the SMA. The SMV is then taped at the
level of the transverse portion of the duodenum.

19.3.2 Right Dorsal Dissection
of the SMA Using Supracolic
Anterior Artery-First
Approach

In level 2 dissection usually without SMV
co-resection, branches such as Henle’s gastro-
colic trunk or the first JV are divided to free the
SMYV from the pancreas head. A diamond-shaped
window is then created by retracting the SMV
rightward, the transverse mesocolon caudally, the
SMA leftward, and the pancreas neck cranially
(Fig. 19.2a). If the middle colic vein obstructs
this window, it can be ligated and divided. In this
field, the right and dorsal aspects of the SMA are
dissected using the supracolic anterior approach
while preserving the circumferential plISMA
(Fig. 19.2b).

In level 3 dissection, wherein the cancer
has invaded the mesopancreas and SMV, the

connective tissue around the SMV is not
detached from the SMV. The middle colic vein
is routinely ligated and divided. The hemi-cir-
cumferential pISMA in the corresponding
direction is resected to gain an optimal mar-
gin from the area of cancer infiltration
(Fig. 19.3a, b).

In both level 2 and 3 dissection, the JV running
behind the SMA should be adequately separated
from the SMA, i.e., up to 1 cm left to the SMA
(Figs. 19.2b and 19.3b). The root of the IPDA or
the common trunk of the IPDA and first JA is
exposed, ligated, and cut at this stage. We then
convert the procedure to left-sided dissection of
the SMA.

19.3.3 Finger-Guided Connection
of the Dissection Space
of Both Sides of the SMA

At this stage, we can easily identify the root of
the second JA to be preserved (Fig. 19.4a). The
surgeon inserts the left fingers behind the SMA

Fig. 19.2 Level 2 supracolic anterior dissection. (a)
Frontal view. By retracting the pancreas neck using thin
retractor and rotating the SMA at pinpoint, the mesopan-
creas was detached from pISMA. The IPDA 1 (black arrow)
and the common trunk of IPDA 2 and JA 1 (blank arrow)

were exposed. The JV (star) was ligated and exposed on the
surface of the mesopancreas. (b) Transverse view. The
pISMA was entirely preserved. The dissection reaches to the
left side of the SMA (black arrow). The common trunk of
IPDA 2 and JA was ligated by the central vascular ligation
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Fig. 19.3 Level 3 supracolic anterior dissection. (a)
Frontal view, showing the pISMA dissected from the SMA
adventitia hemi-circumferentially under pancreas neck
retraction and pinpoint rotation of the SMA. The dissection
along the SMA depended on the tumor invasion. The IPDA

1 (black arrow) and the common trunk of IPDA 2 and JA 1
(blank arrow) were exposed. (b) Transverse view. The
PISMA was entirely preserved. The dissection reaches to the
left side of the SMA (black arrow). The common trunk of
IPDA 2 and JA was ligated by the central vascular ligation

Fig. 19.4 Finger-guided connection of dissection space
of the both sides of the SMA. (a) After LV-2 supracolic
anterior dissection, the mesopancreas was dissected from
the SMA, preserving PL-SMA. The dissection space
reached to the left side of the SMA (red circle). The second

jejunal artery (JA2) is preserved in this dissection. (b) The
surgeon’s finger is inserted into the dissection pocket.
(¢, d) By the finger guidance, the mesentery is opened by
an electric cautery, and the dissection space was opened
atraumatically using Kelly clamp, and the SMA was taped
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from the right side at a point just proximal to the
second JA (Fig. 19.4b). Under the guidance of
the surgeon’s fingers, the serosa of the mesentery
is opened, connecting the right and left dissection
spaces (Fig. 19.4c, d). A tape for hanging is
placed through this hole, encircling the dorsal
aspect of the SMA.

19.3.4 Left-Sided Dissection
of the SMA

The transverse colon is then reflected cranially,
and the left side of the SMA is dissected so that
the previous opening is enlarged toward the
root of the SMA, preserving the pISMA (Fig.
19.5a). This procedure can be performed
bloodlessly because the root of the first JA has
already been ligated and cut, and the JV has
been separated from the SMA during the previ-
ous supracolic anterior approach. The mesen-
tery of the first JA territory is divided from the

remnant, and the corresponding jejunum is cut.
The dissection of the left side then progresses,
and the ligament of Treitz is identified as a
membranous muscular layer that narrows cra-
nially [12, 13]. The ligament is dissected from
the SMA, then ligated and cut at the level of
the SMA root. The left side of the SMA is thus
fully dissected while preserving the pISMA
(Fig. 19.5b).

19.3.5 Completion of PD-CVL

After the stump of the jejunum is reflected right-
ward, the SMV is retracted to the left, and the
upper portion of the mesopancreas is dissected
(Fig. 19.6a). Once the right-sided dissection
reaches the root of the SMA, en bloc dissection
around the SMA is completed (Fig. 19.6b).
Division of the pancreas neck, common bile duct,
stomach, or duodenum is then performed, and
PD resection is competed.

Fig. 19.5 The left-sided dissection around the SMA.
(a) Initial part. The dissection begins from the point at
which the tape is applied and progresses toward the root
of the SMA, preserving the nerve plexus of the superior
mesenteric artery. The tape represents the starting point of
the longitudinal dissection of the SMA (blank arrow).
Left-sided superior mesenteric artery dissection is then
promoted further, identifying the ligament of Treitz as a
membranous muscular layer (black arrows). (b) Final

part. The ligament is detached from the superior mesen-
teric artery, ligated, and cut beyond the left renal vein
(asterisk). At this stage, complete dissection of the left
side of the superior mesenteric artery is achieved with
preservation of this side of the nerve plexus of the supe-
rior mesenteric artery. (¢) The intraoperative view after
the left-sided dissection of the SMA. The pancreas head
and the mesopancreas were detached from the SMA and
the SMV
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Fig.19.6 The final
stage of the central
vascular ligation of the
pancreas and the SMA.
(a) The proximal
jejunal stump is
reflected to the right,
whereas the superior
mesenteric vein is
reflected to the left, and
the right dorsal aspect
of the SMA is well
exposed. (b) The
intraoperative view of
completion of LV-2
dissection around the
SMA using central
vascular ligation. The
mesopancreas is
entirely detached from
the SMA

19.4 Indication

PD-CVL is indicated for periampullary malig-
nancy requiring LNs dissection and is subclassi-
fied according to the extent of dissection: Level
2 dissection should be used for malignancies
that need total resection for the mesopancreas.
By dividing IPDA and 1st JA at their roots, cor-
responding LNs and mesojejunum can be
resected systematically. Dissection along the
SMA is determined according to the site of
IPDA branch. The disease suitable for level 2
dissection includes ampullary, distal bile duct,
and duodenal cancers or pancreatic cancers with
limited invasion. In level 3 dissection, the right
half circle of pISMA is resected en bloc with
tumor to obtain maximal margin length from
potentially invasive tumor, and it should be used
for pancreatic ductal cancer or advanced bile
duct cancer. Dissection along SMA should be

determined based on the extent of tumor
invasion. Corresponding mesojejunum is also
resected.

19.5 Comment

In this chapter, we described a comprehensive
technique for mesopancreas excision during pan-
creaticoduodenectomy using CVL by a supracolic
anterior artery-first approach. Several technical
modifications in PD applying so-called artery-
first principle have been proposed previously [14—
21]. However, few reports have documented the
whole outline of the SMA up to its root and the
circumference of the SMA. We [22] recently
described a technique termed “pancreaticoduode-
nectomy with systematic mesopancreas dissec-
tion (SMD-PD)” with en bloc mesopancreas
resection including staged dissection around the
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SMA using a supracolic anterior artery-first
approach. The technique described here is the
extension of the concept of SMD-PD, and this
allows precise and bloodless SMA dissection as
we reported previously [10, 11, 23].

The advantage of level 2 dissection is multi-
fold; first, early ligation of the supplying artery
reduces the bleeding during SMA dissection,
which is often bloody otherwise. Secondly, com-
plete removal of LNs corresponding to IPDA
and JA secures the oncologic clearance. For
example, in ampullary cancers, LN metastasis
into the proximal jejunal region via mesopan-
creas is reportedly substantial, and complete dis-
section of this area has been advocated [24, 25].
Actually, we sometimes encounter LN metasta-
sis in the mesojejunum in patients with ampul-
lary, duodenal, and pancreatic cancers. Likewise,
distal bile duct cancer has been reported to be
potentially more aggressive compared to ampul-
lary cancers, indicating that the level 2 dissec-
tion should be applied. Lastly, PD-CVL using
supracolic anterior approach enables straightfor-
ward dissection along the SMA without distort-
ing the in situ anatomy, helping the surgeon to
grasp the dissection margin clearly. This
approach resembles the concept of total meso-
rectal excision [5], and like rectal cancer, stan-
dardization of systematic mesopancreas excision
and LN dissection may improve the clearance of
cancer spread via the lymphatic pathway.

The primary goal of level 3 dissection is to
obtain negative cancer margin around the
SMA. This area, called the medial margin of pan-
creas head resection, is the most common site for
R1 resection in pancreatic head cancers [26, 27].
To maximize the chance of negative medial mar-
gin, extension over the dissection plane of level 2
dissection is reasonable. As circumferential resec-
tion of pISMA will cause severe diarrhea, we
leave the left side of pISMA intact. In cases where
the tumor has invaded the mesocolon, the SMV
and SMA was taped infracolicly followed by cor-
ing out of the mesocolon, which extends this tech-
nique to a so-called mesenteric approach [28].

In borderline resectable pancreatic head can-
cer, two important issues are gaining the resection
margin, especially to the SMA, and preserving the

pISMA at least to the hemi-circle to avoid uncon-
trollable postoperative diarrhea. These two themes
were paradoxical to each other, and anterior
approach would be optimal to achieve them in
good balance. Other approaches such as the pos-
terior approach [18-20, 29-31] or left posterior
approach [15, 21, 32, 33] in which the SMA was
dissected from the proximal to distal end were
well established and seem useful for en bloc
mesopancreatectomy or reducing blood loss. In
these methods, however, extended mobilization
and retraction of viscera is necessary to gain a
safe surgical field. In such a situation, the SMA
might become twisted and lifted substantially
during dissection, and this may lead to disorienta-
tion compared to preoperative image inspection.
Furthermore, preservation of at least a half circle
of the pISMA seems difficult in such a situation,
especially with the left posterior approach. In our
anterior supracolic approach, the pancreas head
and SMA are in the same respective positions as
found in situ, and deformation or rotation is mini-
mal, making it easier to compare the macroscopic
finding with preoperative images and to dissect
the pISMA linearly from the SMA. As previously
reported, the root of the IPDA came from the right
dorsal aspect in 86% of patients, and tumor abut-
ment of invasive cancer occurred from exclusively
the right side of the artery in patients with SMA
abutment [11]. These results supported our prin-
ciple, and in the case in which the IPDA root was
originated from the left aspect of the SMA and no
pISMA dissection was required (as for patients
undergoing level 2 CVL), the left posterior
approach would be a good choice.

The PD-CVL described in this chapter is
based on three anatomical features of the
SMA. The first is the absence of obstacles to the
surgical viewing field in the supracolic anterior
approach. The diamond-shaped surgical field cre-
ated by appropriate mobilization of the SMV
allows good exposure of the right dorsal aspect of
the SMA. At this stage, the dissection level can
be adjusted by preserving or resecting the plISMA
(corresponding to level 2 or 3, respectively) or
judging the extent of resectability in cases involv-
ing cancer invasion of the SMA. In previous
reports, the most common site for R1 resection
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was around the SMA [26, 27, 34, 35]. Therefore,
it is reasonable to access this part first to judge
the resectability with respect to the SMA margin.
The second anatomical feature of the SMA on
which PD-CVL is based is the branching pattern
of the IPDAs, JAs, and JVs. Preoperative inspec-
tion of the root of the IPDA, JA, JV, and MCA (as
a landmark) by high-quality CT scan is essential
to achieve accurate and safe primary dissection.
The JVs run behind the SMA in most cases, and
primary dissection between the JV and SMA
facilitates bloodless dissection of the left side
[10, 11, 36]. In the left posterior approach, the
dissection is initiated without ligation of the thick
jejunal branches from the SMA or the SMV;
therefore, bleeding from JA or JV might be prob-
lematic. Finally, the third anatomical aspect is
identification of the ligament of Treitz, as the
membranous muscular tissue forming the
duodenojejunal junction [12, 13, 37]. Detaching
the ligament of Treitz from the SMA exposes the
left aspect of the SMA covered by the
pISMA. This technique is useful to avoid too
extensive dissection of pISMA. As in patients
with resectable pancreatic head tumors, the left-
sided pISMA is almost always uninvolved and
should be preserved to avoid severe postoperative
diarrhea.

In conclusion, we have described the details
of a new technique of complete mesopancreas
excision and dissection around the SMA. This
technique allows safe dissection around the SMA
without the need for any specific devices and
maximal chance of oncological clearance. This
procedure should be a standard PD for all peri-
ampullary malignancies.
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Concepts in Isolated
Pancreatectomy for Pancreatic

20

Cancer Using the Nakao
Mesenteric Approach and Catheter
Bypass of the Portal Vein

Akimasa Nakao

20.1 Introduction

Performing pancreatoduodenectomy (PD) for
pancreatic head cancer under non-touch isolation
techniques can be difficult, as is colectomy for
colon cancer, because of the complex vessel anat-
omy of the pancreatic head region (Fig. 20.1). In
1981, we developed an antithrombogenic bypass
catheter for the portal vein to prevent portal con-
gestion by bypassing the portal blood through a
branch of the superior mesenteric vein (SMV) to
the femoral vein during portal vein resection and
reconstruction, or to the intrahepatic portal vein
through the umbilical vein in the hepatic round
ligament, to prevent both portal congestion and
hepatic ischemia during simultaneous resection
and reconstruction of the portal vein and hepatic
artery (Fig. 20.2) [1-5]. The time limitation on
portal occlusion was thus removed, and we have
been aggressively resecting pancreatic cancer
with portal invasion using catheter bypass of the
portal vein [6-9]. When we started performing
PD combined with portal vein resection in the
1980s, we routinely used Kocher’s maneuver
[10] as the first step. However, we sometimes
encountered pancreatic cancer with portal vein
obstruction and well-developed collateral veins
because of cancer invasion. When resecting such
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cancer using Kocher’s maneuver, we experienced
massive bleeding. Therefore, we developed iso-
lated PD using a mesenteric approach [11-16]
and use catheter bypass of the portal vein if nec-
essary, since 1992.

In cancer surgery, “isolated” means en bloc
resection using a non-touch isolation technique.
Before manipulation of the pancreatic head can-
cer, all arteries that supply the pancreatic head
region and all drainage veins for this region are
ligated and divided (Fig. 20.1). Our first step in
performing the PD is a mesenteric approach; we
do not perform Kocher’s maneuver. This mesen-
teric approach involves clearing the connective
tissue around the SMV and superior mesenteric
artery (SMA) in the mesenteric root, which
includes systematic lymphadenectomy around
the SMA [17]. Resection starts from the non-
cancerous side and cancer-free surgical mar-
gins, and resectability can be diagnosed before
proceeding. The inferior pancreaticoduodenal

Portal

IPDA
\ / system

GDA —>
/ X Lymph

Fig.20.1 Pancreatic blood supply. I/PDA inferior pancre-
aticoduodenal artery, GDA gastroduodenal artery, SA
splenic artery
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Fig. 20.2 Catheter bypass of the portal vein: (A)
bypass between the mesenteric and femoral veins, (B)
bypass between the mesenteric and umbilical veins,
(C) bypass between the mesenteric and hepatic hilar
portal veins (From reference No. [5])

artery (IPDA) arising from the SMA is ligated
and divided first. This approach makes it possi-
ble to perform total mesopancreas [18] excision,
meaning total excision of the second portion of
the pancreatic head nerve plexus (PLphll)
(Fig. 20.3) [19, 20]. This approach facilitates
reconstruction of the portal vein by end-to-end
anastomosis.

20.2 Surgical Techniques
in Isolated PD Using
the Nakao Mesenteric
Approach

20.2.1 Mesenteric Incision

After laparotomy by upper midline skin incision,
the abdominal cavity is examined using ultra-
sound and washing cytology. The first step in the
mesenteric approach is incision of the mesentery
from the ligament of Treiz to the lower border of
the second portion of the duodenum using elec-
trocautery (Fig. 20.4). The surface of the mesen-
tery is incised until the anterior walls of the SMV
and SMA are exposed. With this approach,
Kocher’s maneuver is not performed.

Right celiac ganglion

Duodenum

Fig.20.3 Extrapancreatic
nerve plexus (From

JPS. Classification of
pancreatic carcinoma. 3rd
English ed.)

4 Leftceliac
ganglion

~ PLphll

Uncinate process
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Fig.20.4 Incision in the mesentery from the ligament of
Treiz to the lower border of the second portion of the
duodenum

20.2.2 Connective Tissue Clearance
Around the SMV and SMA

All of the connective tissues, including the
lymph nodes around the SMV and SMA (No.
14d lymph nodes) [17], are dissected to the
lower border of the pancreatic head (Fig.
20.5). If no cancer invasion of the second por-
tion of the PLphll is observed, the nerve
plexus around the SMA (PLsma) [19, 20] is
completely preserved. If cancer invasion into
the PLphlIl or the PLsma is detected, the
PLsma is resected to obtain cancer-free surgi-
cal margins. If it is difficult or impossible to
obtain cancer-free surgical margins, we stop
the radical resection. We also stop the radical
resection if we determine that reconstruction
of the SMV is impossible because of severe
cancer invasion into the peripheral branches of
the SMV.

20.2.3 Division of the Middle Colic
Artery

The middle colic artery is exposed at the anterior
side of the SMA. The middle colic artery is gen-
erally ligated and divided at the root (Fig. 20.5),
which facilitates connective tissue clearance
around the root of the SMA (No. 14p lymph
nodes).

SMVias -~ i+ SMA

" |
TR Lo,

Fig. 20.5 Connective tissue clearance around the supe-
rior mesenteric vein (SMV) and superior mesenteric artery
(SMA) and division of the middle colic artery (MCA)

Fig.20.6 Incision in the mesocolon (MC)

20.2.4 Division of the Gastrocolic
Ligament

The gastrocolic ligament is incised near the trans-
verse colon, and the epiploic sac is opened. By
opening the epiploic sac, the mesocolon can be
examined from both the anterior and posterior
sides, and the anterior surface of the pancreas can
be visualized.

20.2.5 Incision of the Mesocolon
The root of the mesocolon is horizontally incised

and resected, preserving the arcade of the middle
colic artery (Fig. 20.6). This makes it easier and
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safer to perform connective tissue clearance
around the root of the SMA through the large
opening in the mesocolon.

20.2.6 Connective Tissue Clearance
Around the Root of the SMA

Connective tissue clearance around the SMV and
SMA proceeds to the roots of the SMV and SMA.
All connective tissues of the mesenteric root are
dissected, including the lymph nodes (No.14 d, p
lymph nodes).

20.2.7 Exposing the Mesopancreas

The PLphlII is exposed between the uncinate
process of the pancreatic head and the SMA
(Fig. 20.7). There is no precise anatomical
definition for the mesopancreas [18]. In the
Japanese classification of pancreatic cancer
[19, 20], the anatomy of the extrapancreatic
nerve plexuses is described (Fig. 20.3), and
Japanese pancreatic surgeons know this anat-
omy well. I propose that mesopancreas excision
means excision of PLphIl (Fig. 20.3) and
recommend the term PLphIl instead of
mesopancreas.

20.2.8 Exposure of the Jejunal
Arteries and the IPDA, and
Total Mesopancreas Resection

The first branch of the jejunal artery lies behind
the SMA, and the IPDA is a branch of the first
branch of the jejunal artery that lies within the
region of the mesopancreas (Fig. 20.8). There are
many variations of IPDA anatomy. Ligation and
division of the IPDA, and total excision of the
PLphIl and the first portion of the pancreatic
head nerve plexus (PLphl) from the attachments
of the SMA and celiac axis, complete the mesen-
teric approach (Fig. 20.9). This approach results

Fig. 20.8 Exposure of the first branch of the jejunal
artery (JA7) and division of the inferior pancreaticoduode-
nal artery (/PDA)

Fig.20.7 Exposure of the mesopancreas (MP)

ik

Fig.20.9 Completion of total mesopancreas resection
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Fig.20.10 Exposure of the inferior pancreaticoduodenal
artery (I[PDA) arising from the first branch of the jejunal
artery (JAI) after dividing the pancreas along the line of
the superior mesenteric artery (SMA)

in total resection of the PLphl and PLphll. In
patients with more locally advanced cancer, exci-
sion of the first and second branches of the jeju-
nal artery may be necessary. If it is difficult to
expose the IPDA or the first branch of the jejunal
artery via the mesenteric approach, these vessels
can be exposed by dividing the pancreas along
the line of the SMA (Fig. 20.10).

20.2.9 Typical Procedures
After the Mesenteric
Approach

After completing the mesenteric approach, the
gallbladder is resected along with the common
hepatic duct. Clearance of the hepatoduodenal liga-
ment is performed, and the gastroduodenal artery
(GDA) is ligated and divided (Fig. 20.11). The
stomach is divided at the prepylorus, and lymph
node dissection around the common hepatic artery
and celiac artery is performed. The PLphl is also
dissected. If cancer invasion into the portal vein is
observed, the portal vein is resected and recon-
structed. If the time to resect and reconstruct the
portal vein is expected to be prolonged, catheter
bypass of the portal vein using an antithrombogenic

Fig.20.11 Division of the gastroduodenal artery (GDA).
Common hepatic duct (CHD)

catheter is performed. These procedures complete
isolated PD by the mesenteric approach. The inten-
tion of isolated PD is to reduce operative blood loss
by first ligating the IPDA and GDA and prevention
of distant metastasis by ligation of the drainage
veins from the pancreatic head region before
manipulation of the tumor.

20.3 Discussion

In the past, Kocher’s maneuver has been the first
step in PD. Based on extensive experience with
vascular resection in PD, I developed a mesen-
teric approach [11, 12] in 1992. In our opinion,
isolated PD using this mesenteric approach is the
ideal surgery for pancreatic head cancer from
both oncological and surgical points of view. The
mesenteric approach allows dissection from the
non-cancer infiltrating side and initial determina-
tion of cancer-free margins and resectability, fol-
lowed by systematic lymphadenectomy around
the SMA. This approach also enables early liga-
tion of the IPDA, which reduces venous conges-
tion of the pancreatic head region, along with
ligation of the GDA and total mesopancreas exci-
sion. The term “mesopancreas” has no precise
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anatomical definition; I offer that it can be defined
as the PLphII according to the classification of
pancreatic carcinoma edited by the Japan
Pancreas Society [19, 20]. The Nakao mesenteric
approach has been gradually adopted throughout
Japan. By mastering this mesenteric approach,
surgeons can control pancreatic cancer surgery in
all patients.

Conclusion

We presented the concepts, intentions, and
precise surgical procedures of isolated PD for
pancreatic head cancer using the Nakao mes-
enteric approach.
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Role of Extended Resection
in Pancreatic Cancer

Jin-Young Jang

21.1 Introduction

Pancreatic ductal adenocarcinoma (PDAC) is a
malignant neoplasm with the poorest prognosis
among the periampullary cancers with a 5-year
survival rate of approximately 20% even after
curative resection. PDAC is a well-known sys-
temic disease, but definitive systemic therapy is
currently lacking [1-3].

Many surgeons have tried to increase the sur-
vival of PDAC patients with aggressive surgery.
Following Fortner’s regional pancreatectomy,
several surgical methods have been applied to
increase the extent of surgery aiming to increase
curability [4-6].

Extended surgery has improved resectability
followed by promising outcomes in some retro-
spective studies; however, there was no reliable
report in prospective studies that shows
increased long-term survival [7, 8].

Although the definition of extended resection
is not clear, many surgeons use “extended resec-
tion” when performing wider extent of lymph-
adenectomy with resection of peripancreatic
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nerve plexus while some define extended sur-
gery when performing vessel resection around
the pancreas. In this chapter, the role of extended
resection based on recent evidences is described.

21.1.1 Rationale for Dissection
of Lymph Node and Nerve
Plexus

Pancreatic cancer is a well-known highly aggres-
sive neoplasm. Even for a small-sized tumor,
lymph node metastasis is frequently detected in
the peripancreatic area as well as para-aortic
spaces. Lymph node status is one of the most
important prognostic factors in patients with pan-
creatic head cancer [9].

The Japanese Pancreatic Association reported
that not only the presence but site of metastatic
lymph nodes is prognostic of early recurrence
and long-term survival [10].

The high incidence of local recurrence after
conventional pancreatoduodenectomy was con-
sidered to result from incomplete lymph node
clearance, with previous studies showing that
standard pancreatoduodenectomy removes 80%
of the lymph node sites most frequently involved
[8, 11].

These findings suggests that more extensive
lymph node dissection may enhance survival
outcomes. Some surgeons, especially among the
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Japanese surgeons, suggested en bloc dissection
of lymph nodes including the para-aortic spaces
could improve survival of the patients with PDAC
[6, 11].

Neural invasion is another important prog-
nostic factor in pancreatic carcinoma. The post-
operative survival rate for patients with
extrapancreatic nerve plexus (PLX) invasion is
significantly worse compared with that of
patients without PLX invasion. About 60-80%
of PDAC has perineural involvement of tumor.
In recent literature, the concept of a tumor-neural
microenvironment was proposed and the main
idea of this concept is that cancer cells and
nerves constitute a microenvironment which
mutually promotes proliferation and inhibits
apoptosis [12].

To improve survival, some surgeons advocate
the complete resection of nerve plexus around the
pancreas [13].

Also some data show that lymph node metas-
tasis is limited to areas along the superior mesen-
teric artery (SMA) when PDAC is almost entirely
confined to the ventral pancreas; on the other
hand, lymph node metastasis is limited to areas
along the common hepatic artery and the hepato-
duodenal ligament when PDAC is almost entirely
confined to the dorsal pancreas. This suggests the
necessity to alter the extent of nerve plexus and
lymph node dissection according to the location
of the primary tumor [13, 14].

Clearing the retroperitoneal nerve plexus,
especially the peripheral nerve plexus at the
SMA during surgical resection of pancreatic
cancer, has a neuroanatomical basis. Analyzing
the recurrence patterns of pancreatic cancer
after pancreatoduodenectomy and retroperito-
neal recurrence caused by perineural invasion is
important all aspects except for metastasis.
Several surgeons tried to completely remove
the connective tissues surrounding the
SMA. However, complete removal of the nerve
plexus can provoke intractable diarrhea and
malnutrition followed by immunologic dys-
function. Considering the quality of life, only
right-sided semicircular clearance of the SMA
nerve plexus is recommended [15].

21.1.2 Outcomes of Extended
Surgery in PDAC

Many pancreatic surgeons have tried to improve
resectability and survival by adopting aggressive
extended resection in pancreatic cancer such as
extended lymphadenectomy or dissection of
nerve plexus around the major vessels based on
aforementioned theoretical advantages [16—18].

Some retrospective studies showed better sur-
vival outcomes by performing extended lymph-
adenectomy. Ishikawa et al., reported that the
3-year survival rate after radical resection was
38% which is superior to that of standard resec-
tion (13%). However, numerous retrospective
studies have shown conflicting results.

Five prospective randomized controlled trials
(RCTs) compared standard and extended resec-
tion mainly focusing on lymphadenectomy.
However, the extent of surgery differs between
each studies (Table 21.1) [8, 19-23].

In two RCTs, dissection around the SMA was
considered as nerve plexus dissection. Diarrhea
rates were reported between 42-84% after cir-
cumferential dissection and 15% after semicir-
cumferential dissection of the SMA nerve plexus.
However, RO resection rate and overall survival
was not affected by the extent of SMA nerve
plexus dissection. Therefore, circumferential dis-
section of the SMA is not oncologically neces-
sary, but only worsens the QOL after
pancreatoduodenectomy.

Operative outcomes according to surgical
extents are summarized in Table 21.2. Mean
operative time was significantly longer in
extended pancreatoduodenectomy (EPD) in four
studies. Blood transfusion rate was higher in
extended surgery compared to standard pancre-
atoduodenectomy (SPD) in one trial. RO resec-
tion rates were similar in the SPD (72.5-94.1%)
and EPD (78.0-93.0%) groups. In all five stud-
ies, the number of retrieved lymph nodes was
significantly higher in the EPD than in the SPD
group. However, lymph node metastasis rates in
all five studies were similar in patients who
underwent EPD (43.2-68.0%) and SPD (45.9—
68.7%) [8, 19-23].
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Meta-analysis of the five RCTs showed that
delayed gastric emptying and pancreatic fistula
rates tend to be higher in patients who underwent
EPD. However, meta-analysis of each morbidity
using a random effects model revealed no signifi-
cant differences. The rate of postoperative diarrhea
(17.3% vs. 6.7%, p = 0.08) and overall postopera-
tive morbidity (38.8% vs. 30.3%, p = 0.160) tended
to be higher in patients who underwent EPD
(Fig. 21.1). The odds ratio for mortality in the EPD
group was 1.02 (95% CI, 0.38-2.69), but the differ-
ence was not statistically significant.

Meta-analysis showed that overall survival
was not affected by the extent of surgery in pan-
creatic cancer. The pooled hazard ratio across all
five trials was 1.07 (95% CI, 0.89-1.30;
p =0.460) (Fig. 21.2).

In all five RCTs, RO resection rates were similar,
suggesting that EPD does not guarantee a more
complete tumor removal followed by similar

overall survival rates between SPD and EPD.
Moreover, adjuvant treatment may improve sur-
vival outcomes after curative resection rather than
surgical extent itself [23, 24].

21.1.3 Vascular Resection

Since the first reasoning of Dr. Fortner, many sur-
geons believe that a more radical resection can
improve survival by enhanced tumor clearance,
especially tumor adhering main vessels such as
portal vein/superior mesenteric vein (PV/SMV)
or adjacent arteries. Some suggest that aggressive
surgery can overcome the barrier of unresectabil-
ity by en bloc resection of major vessels. A few
retrospective data showed promising survival
outcomes [25, 26].

In the era of organ transplantation, vessel resec-
tion and anastomosis is not greatly challenging.

EPD SPD Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight IV.Random, 95% CI IV.Random, 95% CI
Pedrazzoli and colleagues 14 41 18 40 17.7% 0.63[0.26, 1.55] B
Yeo and colleagues 64 148 42 146 37.7%  1.89[1.16, 3.06] -
Nimura and colleagues 11 50 10 51 15.9% 1.16 [0.44, 3.03] __._
Jang and colleagues 37 86 27 83 28.7% 1.57 [0.84, 2.93]
Total (95% Cl) 325 320 100% 1.36 [0.88, 2.11] 4
Total events 126 97
T 2 _ . Chi2 = _ _ . 12 _ apRo, I } t {
Heterogeneity: Tau® = 0.07; Chi® = 4.68, df = 3 (P = 0.20); /= 36% 001 01 1 10 100

Test for overall effect: Z=1.39 (P = 0.16)

Favours EPD Favours SPD

Fig. 21.1 Operative morbidity after SPD and EPD. The
rates of overall postoperative morbidity tended to be
higher in patients who underwent EPD, but pooled analy-

sis showed no significant difference (38.8% vs. 30.3%,
p =0.160)

Hazard ratio Hazard ratio

Study or subgroup log[Hazard ratio)] SE Weight IV. Random, 95% CI IV. Random, 95% CI
Pedrazzoli and colleagues -0.22 024 13.1% 0.80 [0.50, 1.28] -
Yeo and colleagues -0.13 0.15 26.1% 0.88[0.65, 1.18] —
Farnell and colleagues 024 021 16.2% 1.27 [0.84, 1.92] T
Nimura and colleagues 0.26 0.16 24.0% 1.30[0.95, 1.77] =
Jang and colleagues 0.16 0.18 20.4% 1.17[0.82, 1.67] T

Total (95% CI) 100.0% 1.07[0.89, 1.30] #

Heterogeneity: Tau?= 0.01; Chi?= 5.55, df = 4 (P = 0.24); I*=28% f f f T f f {

0.1 0.2 05 1 2 5 10

Test for overall effect: Z=0.74 (P = 0.46)

Favours EPD Favours SPD

Fig. 21.2 Overall survival after SPD and EPD. Overall survival was not affected by the extent of surgery (pooled
hazard ratio 1.07, 95% CI, 0.89-1.30; p = 0.460)
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Using autologous veins or other materials, long
segmental resection is technically possible
(Fig. 21.3).

Fig. 21.3 Long segment of PV/SMV was resected and
anastomosed using bovine patch graft in patients with
PDAC invading SMV and splenic vein confluence

Based on these data, criteria for PV/SMV
invasion as advanced T stage was eliminated
from the 6th version of American Joint Committee
on Cancer (AJCC) staging unlike other GI tract
malignancy with a conviction that PV/SMV inva-
sion is a matter of tumor location not tumor
aggressiveness. However, recent meta-analysis
revealed that patients undergoing PV/SMV resec-
tion has an increased risk of postoperative mor-
tality (risk difference (RD) 0.01, 95% CI,
0.00-0.03; P =0.02) and of R1/R2 resection (RD
0.09, 0.06-0-13; P < 0-001) compared with those
undergoing standard surgery. Also 1-, 3-, and
5-year survival rates are worse in the PV/SMV
resection group: hazard ratio 1.23 (95% CI, 1.07-
1.43; P = 0.005), 1.48 (1.14-1.91; P = 0.004),
and 3.18 (1.95-5.19; P < 0.001), respectively
[27, 28] (Fig. 21.4).

a
Overall morbidity

Reference Vein resection  Standard procedure Weight (%) QOdds ratio Odds ratio
Bachellier et al.?®! 8 of 21 30 of 66 47 0.74 (0.27, 2.02) _— =t
Carrere et al?% 25 of 45 56 of 88 7.1 0.71 (0.34, 1.48) —at
Castleberry et al®® 112 of 281 1099 of 3301 14.4 1.33 (1.03, 1.70) e
Chakravarty et al®1 6 of 12 30 of 75 35 1.50 (0.44, 5.09) —_—
Fuhrman et al.*? 7 of 23 10 of 36 3.9 1.14 (0.36, 3.59) —_—
Fukuda et al.l®% 12 0f 37 32 of 84 6.2 0.78 (0.34, 1.77) — =l
Gong et al*®! 28 of 119 37 of 447 9.6 3.41 (1.99, 5.86) —o—
Hartel et a/*¥] 18 of 68 45 of 203 8.3 1.26 (0.67, 2.38) —e—
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Kurosaki et al.®® 12 0f 35 10 of 42 4.8 1.67 (0.62, 4.52) —
Murakami et a8 22 of 61 14 of 64 6.5 2.01(0.91, 4.44) ——
Ouaissi et al.®? 35 of 59 45 of 82 7.8 1.20 (0.61, 2.36) —f—
Riediger et al*"! 22 of 53 84 of 169 8.4 0.72 (0.38, 1.34) —a
Shimada et al.*?! 9of 28 12 of 46 4.6 1.34 (0.48, 3.76) —t——
Total 352 of 912 1643 of 5125 100.0 1.34 (1.03, 1.73) >
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Reference Log[hazard ratio] Standard error Weight (%) Hazard ratio

Hazard ratio

Murakami et al.*®! 2.186 1.095 5.2 8.90 (1.04, 76.15)

Ouaissi et al.*® 1.515 0.456 29.9 4.55(1.86,11.13) —
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Fig.21.4 Comparison of morbidity (a) and 5-year overall
survival (b) after pancreatic resection with and without PV/
SMV resection (Data from meta-analysis by Giovinazzo
et al. [27]) (a) Comparison of overall morbidity rates after
pancreatic resection with and without portal-superior

mesenteric vein resection. (b) Comparison of 5-year over-
all survival after pancreatic resection with and without
portal-superior mesenteric vein resection. An inverse-
variance fixed-effect model was used for meta-analysis.
Hazard ratios are shown with 95% c.i
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In high volume centers equipped and staffed
for vascular surgery, perioperative mortality and
morbidity in PV/SMV resection group might be
similar compared to the non-vessel resection
group.

However, in cases of histologically confirmed
tumor infiltration into the tunica media or intima
of PV/SMV, most reported that prognosis is
worse and long-term survival can hardly be
anticipated [29].

When performing pancreatectomy, indica-
tions for PV/SMYV resection must be cautiously
selected according to the hospitals’ facilities and
experiences considering morbidity. In case of
definite vascular invasion of tumor, neoadjuvant
treatment rather than upfront surgery can be a
better option to avoid early recurrence and
metastasis and to reduce the extent of tumor
infiltration into the vessels.

Unlike PV/SMYV, resection of hepatic artery,
SMA, and celiac trunk is not recommended in
spite of technical feasibility. There is lacking data
supporting improved survival after arterial resec-
tion which inevitably related to high morbidity.

Conclusion

Although achieving RO resection still remains
the most important aspect to guarantee cura-
tive surgery and long-term survival in pancre-
atic cancer, extended surgery alone cannot
improve oncological curability. Recent meta-
analysis show that SPD with RO resection is
sufficient with comparable survival outcomes
and better morbidity, mortality and quality of
life compared to EPD in patients with pancre-
atic cancer. Considering tumor location and
severity, there might be some remaining ratio-
nale for extended surgery to achieve a margin-
negative resection. However, routine extended
pancreatic surgery is unnecessary to increase
survival. Surgical strategies should be custom-
ized considering the patients’ general condi-
tion and disease all together. Therefore,
pancreatoduodenectomy with dissection of
peritumoral lymph nodes including lymph
nodes number 12, 13, 8, and 17 may be further
extended depending on tumor location and
severity. For peripancreatic nerve plexus, rou-
tine dissection is not needed but can be

performed with a maximum of 180° to achieve
a RO resection and preserve postoperative
QOL, if the tumor is located near the SMA. In
performing pancreatectomy for pancreatic
cancer, surgeons must bear in mind that sur-
gery is only part of the multimodality treat-
ments provided in pancreatic cancer. Other
than the effort to achieve a RO resection, sur-
geons must be judicious to decrease surgical
morbidity by avoiding unnecessary extended
surgery for early systemic therapy to increase
survival.
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22.1 Introduction
Pancreaticoduodenectomy (PD), introduced by
Whipple et al. in 1935 [1] and also well known as
Whipple operation, has been the treatment of
choice for pancreatic head cancer and a variety of
periampullary lesions. Classically, PD includes
resection of the head, neck, and uncinate process
of the pancreas, all of the duodenum, the bile
duct and gallbladder, and distal half of the stom-
ach. However, Whipple procedure was once
abandoned during the 1960s and 1970s because
of the high operative mortality and virtually no
long-term survival for pancreatic head adenocar-
cinoma [2, 3]. Recently, increased experience
and advances in perioperative care have reduced
the mortality after PD to less than 5%, even 0-2%
in some experienced centers [4-7]. Nevertheless,
despite improvements in perioperative outcomes
following PD, morbidity remains as high as
30-50% [8-10].

Pancreatic anastomosis has been the Achilles
heel of PD, and postoperative pancreatic fistula
(POPF) is the leading cause of morbidity such as
intra-abdominal hemorrhage, intra-abdominal
abscess, prolonged hospital stay, or occasional
mortality. In the effort to prevent POPFE, various

Y.-M. Shyr (P<) ¢ S.-E. Wang

Department of Surgery, Taipei Veterans General
Hospital/National Yang Ming University,
Taipei, Taiwan

e-mail: ymshyr @ gmail.com;

sewang0408 @ gmail.com

© Springer-Verlag Berlin Heidelberg 2017

modifications of surgical technique have been
proposed, including occlusion of main pancreatic
duct with rubber or fibrin glue, pancreaticoenter-
ostomy with the jejunum or stomach (with or
without external/internal pancreatic duct drain-
age, duct-to-mucosa anastomosis or invagination,
end to side or end to end, with one- or two-layer
suture), and even total pancreatectomy [11, 12].

More than 80 different types of pancreatic
reconstruction have been proposed, suggesting
the complexity of the pancreatic anastomosis
[13]. Ideally, an “optimal” technique for the pan-
creatic anastomosis should be associated with a
zero rate of POPF regardless of pancreatic tex-
ture and ductal size and, furthermore, should be
easily performed and taught. However, there is
currently no universally accepted standard tech-
nique for pancreatic reconstruction after
PD. Pancreatic fistula after PD is still unsatisfac-
torily high, at 5-25%, even in high-volume cen-
ters [8, 9, 11, 14, 15].

There are two major variants of pancreatic
reconstruction after PD: pancreaticojejunostomy
(PJ) and pancreaticogastrostomy (PG).

22.1.1 Classic Pancreaticojejunostomy

PJ using a jejunal loop is the most com-
monly used method for pancreatic anastomo-
sis after PD. There are two main types of PJ:
duct-to-mucosa anastomosis and invagination
anastomosis [13, 15].
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22.1.1.1 Technique of
Pancreaticojejunostomy

For end-to-side duct-to-mucosa PJ, the pancreatic
remnant is mobilized for approximately 2 cm to
allow the placement of sutures to the posterior
surface of the pancreas. The transected jejunal
limb is brought upward through retrocolic route
or duodenal tunnel (posterior to the mesenteric
vessels). A small hole for duct-to-mucosa anasto-
mosis is created on the appropriate antimesenteric
site of the jejunal limb. The posterior outer-layer
sutures between the jejunal seromuscular layer
and the posterior part of the capsular parenchyma
of the pancreatic stump are placed with or without
tying first, using 3-0 nonabsorbable interrupted or
continuous sutures of about 0.5 cm distance from
each other. Then, inner-layer duct-to-mucosa
sutures are completed with 4-0 absorbable inter-
rupted or continuous sutures. Finally, the anterior
outer-layer sutures between the jejunal seromus-
cular layer and the anterior part of the capsular
parenchyma of the pancreatic stump are finished.
Pancreatic duct stent is not routinely used, except
for the small caliber of pancreatic duct.

22.1.2 Pancreaticogastrostomy

PG has been proposed as an alternative to PJ. A
number of theoretical and anatomic advantages
of PG have been suggested including (1) pancre-
atic enzyme inactivation under acid environment
due to gastric secretion, (2) absence of enteroki-
nase in the stomach, (3) tension-free anastomosis
due to anatomical co-location, (4) excellent blood
supply to the stomach, (5) thick stomach wall
which is less likely to dehisce, (6) early detection
of bleeding from the pancreatic remnant by rou-
tine postoperative gastric decompression, (7)
direct examination of the anastomosis by endos-
copy if necessary, and (8) easy exploration of the
anastomosis without disassembling the pancre-
atic anastomosis by opening the anterior wall of
the stomach if bleeding occurs [4, 6, 7, 10, 16].
22.1.2.1 Technique of
Pancreaticogastrostomy

For PG reconstruction, the proximal 3—4 cm of
the pancreatic remnant is freed from the splenic
vein and retroperitoneum. A pancreatic stump is

anastomosed and invaginated into the posterior
wall of the low body of the stomach. PG is per-
formed with interrupted two-layer sutures, with
3-0 silk for the outer layer placed between the
pancreatic capsule and seromuscular layer of the
posterior gastric wall and 3-0 polyglactin (Vicryl;
Ethicon, Inc., Somerville, NJ, USA) for the inner
layer placed between the cut edge of the pancreas
and the full thickness of the posterior gastric
wall. Pancreatic duct stent is not routinely used.

22.1.3 Blumgart
Pancreaticojejunostomy

A novel technique, Blumgart PJ, has recently begun
to attract attention with low rates of pancreatic leak-
age, morbidity, and mortality [9-11, 17]. Blumgart
described a simple and effective PJ which combined
the principle of duct-to-mucosa anastomosis with
jejunal covering over the raw surface of the pancre-
atic stump [8, 11, 17]. The original Blumgart PJ
involves placement of five to six transpancreatic
and jejunal seromuscular U-sutures to approximate
the pancreas stump and the jejunum. The theoretical
advantages of Blumgart PJ include the following:
(1) blood flow to the pancreatic stump is not com-
promised by interrupted transpancreatic mattress
U-sutures holding the pancreas in firm opposition to
the jejunum; (2) duct-to-mucosa sutures can be eas-
ily, accurately, and meticulously placed before
securing the posterior and anterior seromuscular
jejunum under a tension-free approximation and
excellent visualization of the pancreatic duct; (3)
tension of the jejunal covering may afford an extra
compression on the pancreatic stump and prevent
fewer leaks from accessory pancreatic ducts and
minor bleeding from the stump; and (4) transpan-
creatic, full thickness, mattress U-sutures, instead of
tangential sutures, could eliminate tangential ten-
sion and shear force at the pancreatic stump, par-
ticularly during knot tying which might cut through
the fragile pancreas [8, 10, 11, 17].

22.1.3.1 Technique of Modified
Blumgart
Pancreaticojejunostomy

After resection of the periampullary lesion with
PD, a pancreatic stump of about 1-2 cm is freed
from the splenic artery and vein. The modified
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Blumgart PJ is constructed using two to four (usu-
ally three, instead of five to six in original Blumgart
PJ [11]) transpancreatic U-sutures with 3-0 mono-
filament synthetic absorbable sutures made of
polydioxanone (PDS™), with one or two placed
cranial and two caudal to the pancreatic duct (Fig.
22.1a, b). The jejunal limb is brought upward for
pancreatic reconstruction in a retrocolic fashion to
the right of the middle colic vessels or via duode-
nal tunnel. The U-sutures, as the outer row, are
placed about 8—10 mm from the transected edge of
the pancreas and go through the whole pancreas
parenchyma from front to back. A seromuscular
bite in horizontal mattress fashion, instead of a two
vertical mattress described in the original Blumgart
PJ [11], over the jejunum near the mesenteric
edge, is taken as the posterior outer layer, and the
same suture reverts back to front through the

whole pancreas again to complete the U-suturing,
about 5 mm away from the initial entry point of the
suture into the pancreas. Each of the U-sutures is
placed at a distance of 5-8 mm to the next one.
These sutures with needles on them are not tied at
this time, but instead are left loose and kept sepa-
rately and held with clamps until all of the inner
duct-to-mucosa sutures are placed and tied. After
creating a small hole on the jejunum opposite the
location of the pancreatic duct opening, a series of
simple interrupted sutures with 4-0 absorbable
synthetic monofilament suture made of polydioxa-
none (MonoPlus®) are then carefully and accu-
rately placed for duct-to-mucosa anastomosis
(Fig. 22.2a, b). These inner sutures are preset with-
out tying and organized in order, usually six
sutures for a non-dilated pancreatic duct and eight
for a dilated pancreatic duct, using pair-watch

Fig. 22.1 (a, b) Preset outer-layer U-sutures (three to four sutures) without tying for posterior horizontal mattress

sutures on the jejunum

Fig. 22.2 (a, b) Preset inner-layer sutures (six to eight sutures) without tying for duct-to-mucosa anastomosis using

pair-watch suturing technique
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suturing technique [13]. Once all duct-to-mucosa
sutures are placed, the pancreas and the jejunum
are approximated by parachuting the pancreas and
the jejunum together along both the outer PDS and
inner MonoPlus sutures (Fig. 22.3a, b). After the

duct-to-mucosa sutures are tied (Fig. 22.4a, b), the
outer anterior horizontal mattress sutures on the
jejunum using previously held U-sutures are com-
pleted (Fig. 22.5a, b) and tied one by one on the
anterior surface of the pancreas. Thus, the pancreatic

Fig.22.5 (a, b) Outer-layer U-suturing for anterior horizontal mattress sutures on the jejunum
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remnant is completely covered and compressed
by jejunal serosa (Fig. 22.6a, b). Pancreatic duct
stents are not routinely used except for a small
pancreatic duct using a short internal stent.

22.1.4 Pancreatic Fistula After
Pancreatic Reconstructions

POPF has been the leading cause of postoperative
morbidity and mortality after PD. The severity of
POPF is classified into grades A, B, and C based

on the definition of the International Study Group
on Pancreatic Fistula (ISGPF) [18]. Grades B and
C are clinically relevant postoperative pancreatic
fistula (CR-POPF), and grade A is biochemical
leakage without clinically relevance. PG has been
claimed to be a better pancreatic reconstruction in
reducing the incidence and severity of CR-POPF
by most retrospective studies [4, 5, 16, 19].
However, not all of the published randomized
controlled trials confirm the superiority of PG
(Table 22.1). In recent meta-analysis of published
randomized controlled trials, PG has been shown

Fig.22.6 (a, b) Completed outer-layer U-suturing with tying for anterior horizontal mattress sutures on the jejunum

Table 22.1 Randomized controlled trials for clinically relevant postoperative pancreatic fistula (CR-POPF) after

pancreaticoduodenectomy

CR-POPF
Year n PG? PJ® P value

Keck et al. [20] 2015 PG =149 20% 22% NS¢
PI=171

Nakeeb et al. [21] 2014 PG =45 15.6% 8.9% NS¢
PJ =45

Topal et al. [22] 2013 PG =162 8.0% 19.8% 0.002
PJ =167

Figueras et al. [23] 2013 PG =65 11% 33% 0.006
PJ =58

Wellner et al. [24] 2012 PG =59 11% 33% NS¢
PJ =57

Fernandez-Cruz et al. [25] 2008 PG =53 4% 18% <0.01
PJ =55

Duffas et al. [26] 2005 PG =81 16% 20% NS¢
PJ =68

Bassi et al. [27] 2005 PG =69 13% 16% NS¢
PJ =51

Yeo et al. [28] 1995 PG =73 12.3% 11.1% NS¢
PI=72

PG pancreaticogastrostomy
PJ pancreaticojejunostomy
NS not significant
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to be associated with lower rate of CR-POPF as
compared with classic PJ (Table 22.2). PG had
been the procedure of choice for pancreatic recon-
struction at the author institute since 1997 [4]. In
2012, the modified Blumgart PJ began to be
adopted at our institute and has replaced PG as the
technique of choice for pancreatic reconstruction
after PD thereafter. With the modified Blumgart
PJ, only a 1- to 2-cm free pancreatic stump is
needed, as opposed to a 3- to 4-cm free pancreatic
stump for PG reconstruction. Moreover, only
three or four transpancreatic U-sutures are used
for the modified Blumgart PJ, instead of the mul-
tiple tangential sutures needed for PG or classic
PJ. Blumgart PJ has been reported to decrease the
CR-POPF rate to 4.3-6.9%, significantly lower
than the 10-20% of other techniques (Table 22.3)

[8, 9, 11, 14]. Based on our matched historical
control study [33], the modified Blumgart PJ
appears to be superior to PG in reducing the inci-
dence and severity of CR-POPF. The modified
Blumgart PJ can therefore be recommended as a
fast, simple, and safe alternative for pancreatic
reconstruction after PD.

“It appears that a standardized approach to the
pancreatic anastomosis and a consistent practice
of a single technique can help to reduce the inci-
dence of complications after PD,” as emphasized
by Shrikhande SV [34]. “At present, the only
reproducible factor able to significantly reduce
the morbidity and mortality rate in pancreatic
resections appears to be the establishment of
high-volume, regional centers (and surgeons!)”,
as also stated by Bassi C. [12].

Table 22.2 Meta-analysis of randomized controlled trials for clinically relevant postoperative pancreatic fistula

(CR-POPF) after pancreaticoduodenectomy

Year n PG* PI° P value
Menahem et al. 2015 PG =562 11.2% 18.7% 0.0003
[29] PJ =559
Hallet et al. [30] 2015 PG =339 8% 20% <0.0001
PJ =337
Que et al. [31] 2015 PG =384 9.1% 16.5% 0.0001
PJ =382
Liu et al. [32] 2015 PG =562 10.6% 20.5% <0.0001
PJ =559

PG pancreaticogastrostomy
PJ pancreaticojejunostomy

Table 22.3 Blumgart pancreaticojejunostomy studies for clinically relevant postoperative pancreatic fistula

(CR-POPF) after pancreaticoduodenectomy

Year n Blumgart PJ* PG® PJ P value

Wang et al. 2015 B-PJ° =103 7.8% 19.4% 0.007
(authors) [33] PG =103
Fujii et al. [9] 2014 B-PJc =120 2.5% 36% <0.001

PJ =120
Mishra et al. [17] | 2011 B-PJ° =98 7.14%
Grobmyer et al. 2010 B-PJe =187 6.9%
[11]
Kleespies et al. 2008 B-PJ=90 4% 13% 0.032
[8] PI=92

2PJ pancreaticojejunostomy
"PG pancreaticogastrostomy
°B-PJ Blumgart pancreaticojejunostomy



22 Type of Reconstruction After Pancreatoduodenectomy

245

References

11.

12.

13.

14.

. Whipple AO, Parsons WB, Mullins CR. Treatment

of carcinoma of the ampulla of vater. Ann Surg.
1935;102(4):763-79.

. Crile Jr G. The advantages of bypass operations

over radical pancreatoduodenectomy in the treat-
ment of pancreatic carcinoma. Surg Gynecol Obstet.
1970;130(6):1049-53.

. Shapiro TM. Adenocarcinoma of the pancreas: a sta-

tistical analysis of biliary bypass vs Whipple resection
in good risk patients. Ann Surg. 1975;182(6):715-21.

. Shyr YM, Chen TH, Su CH, Wu CW, Lui WY. Non-

stented pancreaticogastrostomy for 111 patients
undergoing pylorus-preserving pancreaticoduodenec-
tomy. Hepatogastroenterology. 2005;52(61):253-7.

. Wang KC, Shyr YM, Wang SE, Su CH, Chen

TH, Wu CW. Reappraisal of pancreatic adenocar-
cinoma  undergoing  pancreaticoduodenectomy.
Hepatogastroenterology. 2012;59(118):1976-80.

. Shyr YM, Su CH, Wu CW, Lui WY. Does drainage

fluid amylase reflect pancreatic leakage after pancreat-
icoduodenectomy? World J Surg. 2003;27(5):606—10.

. Shyr YM, Su CH, Wu CW, Lui WY. Gastric pH

and amylase and safety for non-stented pancreatico-
gastrostomy. Hepatogastroenterology. 2002;49(48):
1747-50.

. Kleespies A, Rentsch M, Seeliger H, Albertsmeier

M, Jauch KW, Bruns CJ. Blumgart anastomosis for
pancreaticojejunostomy minimizes severe compli-
cations after pancreatic head resection. Br J Surg.
2009;96(7):741-50.

. Fujii T, Sugimoto H, Yamada S, Kanda M, Suenaga

M, Takami H, et al. Modified Blumgart anastomosis
for pancreaticojejunostomy: technical improvement
in matched historical control study. J Gastrointest
Surg. 2014;18(6):1108-15.

. Kleespies A, Albertsmeier M, Obeidat F, Seeliger H,

Jauch KW, Bruns CJ. The challenge of pancreatic
anastomosis. Langenbeck’s Arch Surg/Dtsch Ges
Chir. 2008;393(4):459-71.

Grobmyer SR, Kooby D, Blumgart LH, Hochwald
SN. Novel pancreaticojejunostomy with a low rate of
anastomotic failure-related complications. J Am Coll
Surg. 2010;210(1):54-9.

Bassi C, Falconi M, Molinari E, Salvia R, Butturini
G, Sartori N, et al. Reconstruction by pancreaticoje-
junostomy versus pancreaticogastrostomy following
pancreatectomy: results of a comparative study. Ann
Surg. 2005;242(6):767-71. discussion 71-3

Azumi Y, Isaji S, Kato H, Nobuoka Y, Kuriyama N,
Kishiwada M, et al. A standardized technique for safe
pancreaticojejunostomy: Pair-Watch suturing tech-
nique. World J Gastrointest Surg. 2010;2(8):260—4.
Watanabe M, Usui S, Kajiwara H, Nakamura M,
Sumiyama Y, Takada T, et al. Current pancreato-
gastrointestinal anastomotic methods: results of a
Japanese survey of 3109 patients. J Hepato-Biliary-
Pancreat Surg. 2004;11(1):25-33.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Suzuki Y, Fujino Y, Tanioka Y, Hiraoka K, Takada
M, Ajiki T, et al. Selection of pancreaticojeju-
nostomy techniques according to pancreatic tex-
ture and duct size. Arch Surg (Chicago, Ill: 1960).
2002;137(9):1044-7. discussion 8

Fang W-L, Shyr Y-M, Su C-H, Chen T-H, Wu C-W, Lui
W-Y. Comparison between pancreaticojejunostomy
and pancreaticogastrostomy after pancreaticoduode-
nectomy. J Formos Med Assoc. 2007;106(9):717-27.
Mishra PK, Saluja SS, Gupta M, Rajalingam R,
Pattnaik P. Blumgart’s technique of pancreaticojeju-
nostomy: an appraisal. Dig Surg. 2011;28(4):281-7.
Bassi C, Dervenis C, Butturini G, Fingerhut A, Yeo
C, Izbicki J, et al. Postoperative pancreatic fistula: an
international study group (ISGPF) definition. Surgery.
2005;138(1):8-13.

Takano S, Ito Y, Watanabe Y, Yokoyama T, Kubota N,
Iwai S. Pancreaticojejunostomy versus pancreatico-
gastrostomy in reconstruction following pancreatico-
duodenectomy. Br J Surg. 2000;87(4):423-7.

Keck T, Wellner UF, Bahra M, Klein F, Sick O,
Niedergethmann M, et al. Pancreatogastrostomy ver-
sus pancreatojejunostomy for reconstruction after
pancreatoduodenectomy (RECOPANC, DRKS
00000767): perioperative and long-term results of a
multicenter randomized controlled trial. Ann Surg.
2016;263(3):440-9.

El Nakeeb A, Hamdy E, Sultan AM, Salah T, Askr
W, Ezzat H, et al. Isolated Roux loop pancreaticoje-
junostomy versus pancreaticogastrostomy after pan-
creaticoduodenectomy: a prospective randomized
study. HPB: Off J Int Hepato Pancreato Biliary Assoc.
2014;16(8):713-22.

Topal B, Fieuws S, Aerts R, Weerts J, Feryn T,
Roeyen G, et al. Pancreaticojejunostomy versus
pancreaticogastrostomy reconstruction after pan-
creaticoduodenectomy for pancreatic or periampul-
lary tumours: a multicentre randomised trial. Lancet
Oncol. 2013;14(7):655-62.

Figueras J, Sabater L, Planellas P, Munoz-Forner E,
Lopez-Ben S, Falgueras L, et al. Randomized clini-
cal trial of pancreaticogastrostomy versus pancreati-
cojejunostomy on the rate and severity of pancreatic
fistula after pancreaticoduodenectomy. Br J Surg.
2013;100(12):1597-605.

Wellner UF, Sick O, Olschewski M, Adam U, Hopt
UT, Keck T. Randomized controlled single-center
trial comparing pancreatogastrostomy versus pan-
creaticojejunostomy after partial pancreatoduode-
nectomy. J Gastrointest Surg: Off J Soc Surg Aliment
Tract. 2012;16(9):1686-95.

Fernandez-Cruz L, Cosa R, Blanco L, Lopez-
Boado MA, Astudillo E. Pancreatogastrostomy with
gastric partition after pylorus-preserving pancre-
atoduodenectomy versus conventional pancreatojeju-
nostomy: a prospective randomized study. Ann Surg.
2008;248(6):930-8.

Duffas JP, Suc B, Msika S, Fourtanier G, Muscari F,
Hay JM, et al. A controlled randomized multicenter



246

Y.-M. Shyr and S.-E. Wang

27.

28.

29.

30.

trial of pancreatogastrostomy or pancreatojejunos-
tomy after pancreatoduodenectomy. Am J Surg.
2005;189(6):720-9.

Bassi C, Falconi M, Molinari E, Salvia R, Butturini
G, Sartori N, et al. Reconstruction by pancreaticoje-
junostomy versus pancreaticogastrostomy following
pancreatectomy. Ann Surg. 2005;242(6):767-73.

Yeo CJ, Cameron JL, Maher MM, Sauter PK, Zahurak
ML, Talamini MA, et al. A prospective randomized
trial of pancreaticogastrostomy versus pancreaticoje-
junostomy after pancreaticoduodenectomy. Ann Surg.
1995;222(4):580-8. discussion 8-92

Menahem B, Guittet L, Mulliri A, Alves A, Lubrano
J. Pancreaticogastrostomy is superior to pancre-
aticojejunostomy for prevention of pancreatic fistula
after pancreaticoduodenectomy: an updated meta-
analysis of randomized controlled trials. Ann Surg.
2015;261(5):882-7.

Hallet J, Zih FS, Deobald RG, Scheer AS, Law CH,
Coburn NG, et al. The impact of pancreaticojejunos-
tomy versus pancreaticogastrostomy reconstruction
on pancreatic fistula after pancreaticoduodenectomy:

31.

32.

33.

34.

meta-analysis of randomized controlled trials. HPB
(Oxford). 2015;17(2):113-22.

Que W, Fang H, Yan B, Li J, Guo W, Zhai W, et al.
Pancreaticogastrostomy  versus  pancreaticojeju-
nostomy after pancreaticoduodenectomy: a meta-
analysis of randomized controlled trials. Am J Surg.
2015;209(6):1074-82.

Liu FB, Chen JM, Geng W, Xie SX, Zhao YJ, Yu
LQ, et al. Pancreaticogastrostomy is associated with
significantly less pancreatic fistula than pancreati-
cojejunostomy reconstruction after pancreaticoduo-
denectomy: a meta-analysis of seven randomized
controlled trials. HPB: Off J Int Hepato Pancreato
Biliary Assoc. 2015;17(2):123-30.

Wang SE, Chen SC, Shyr BU, Shyr YM. Comparison
of modified Blumgart pancreaticojejunostomy and
pancreaticogastrostomy after pancreaticoduodenec-
tomy. HPB (Oxford). 2016;18(3):229-35.

Shrikhande SV, Barreto G, Shukla PJ. Pancreatic fistula
after pancreaticoduodenectomy: the impact of a standard-
ized technique of pancreaticojejunostomy. Langenbeck’s
Arch Surg/Dtsch Ges Chir. 2008;393(1):87-91.



The Concept of Customized
Pancreatoduodenectomy

Sun-Whe Kim

23.1 Introduction

There are still many controversial issues on the
pancreatoduodenectomy (PD) in many aspects
including the extent of surgery, surgical planes
and order, reconstruction method, etc. Surgical
decision-making should be based on the principle
of cancer surgery and evidence-based surgery.
Cancer surgery should be safe and radical enough
to get RO. Specimen should be removed in en
bloc manner, and the surgeon should minimize
touch and spillage of tumor and avoid crossing
the potential tumor present area. Meanwhile, the
innocent organs and tissues should be preserved
with their functions.

Surgical decision should be made on the basis
of evidences — evidence-based surgery. There are
different levels of evidences with different
degrees of recommendation. Randomized con-
trolled trial (RCT) is known as a study providing
evidence with the highest level. However, there
are some problems with RCTs that cannot be
neglected. RCTs mostly compare only two arms
that usually have both merit and demerit. On the
top of that, even similarly designed RCTs from
different centers sometimes show different direc-
tions of result. This is why systematic review and
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meta-analysis are usually needed, although not
all of them are conclusive. There could be more
than two options for a certain procedure. Usually
multicenters or multi-surgeons are supposed to
join the RCTs because of the limitation of case
number, so that other factors could decrease level
of reliability of RCTs. Therefore, pancreatic sur-
geons cannot simply choose one of the two types
of surgery for all patients in order to follow the
result of RCT, and PD could be or should be
“customized.” The word “customized” was cho-
sen among the words with similar meaning, “per-
sonalized, individualized, or tailored.”

How is PD customized? It can be customized
according to tumor factor and patient host fac-
tors. Tumor factors include nature, origin, loca-
tion, and extent of tumor. PD for malignant
tumors should be different from PD for benign
lesion in terms of the extent of resection.
According to the tumor origin, focusing area dur-
ing PD could be different. Hepatoduodenal liga-
ment dissection (including skeletonization of the
portal vein and hepatic artery) might be more
important for bile duct cancer than other periam-
pullary cancers. Retroperitoneal pancreatic head
nerve plexus and peri-SMA (superior mesenteric
artery) nerve plexus have more significance in
pancreatic head cancer than others. Peri-SMA
lymph node dissection might have more clinical
prognostic significance in pancreatic and ampul-
lary cancer than in bile duct cancer. Extent of
resection sometimes should be customized
according to the location of bile duct cancer or
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the location of pancreatic head cancer [1].
According to the extent of tumor, sometimes
resections of other organs or major vessels are
needed. For reconstruction, there are many
options for pancreatoenterostomy in terms of the
site, mode, or order of anastomosis. Different
techniques can be applied according to the paren-
chymal condition and ductal diameter of the pan-
creas. Host factors including old age and
operative risk are the factors that might affect
surgical decision also. Abdominal incision can be
customized according to the body-belly shape for
better exposure.

In this chapter, potential procedures that can
be customized mainly for pancreatic head cancer
are introduced. Some have evidences and others
need evidence.

23.1.1 Access to the Head
of the Pancreas

The pancreatic head is fully covered or attached
to the surrounding tissues as well as the duode-
num (Fig. 23.1). There are some loose connec-
tive tissue between the antropyloric area and
pancreas. More soft tissues with some small
vessels from gastroduodenal artery exist
between duodenal bulb and pancreatic head.

Fig. 23.1 (a) Superior part of the pancreatic head. (b)
Inferior part of the pancreatic head. (Arrow a) Soft tissue
plane between antropyloric area of the stomach and the
pancreas, (Arrow b) soft tissue plane between IVC and the

There are also loose connective tissues at least
even between great vessels — the inferior vena
cava (IVC) and left renal vein — and posterior
surface of the pancreatic head. Omentum and
mesocolon are attached to the anterior inferior
surface of the head of the pancreas. All of these
tissues surrounding pancreatic head are poten-
tially tumor present area according to the tumor
location. Because most of the resectable pancre-
atic head cancers are T3 — tumor invading
beyond the pancreas — dissection plane should
be carefully determined.

If the tumor is located anterior superior part
of the pancreatic head, it would be safe not to
try to separate prepyloric stomach from the pan-
creas head and just not to preserve the pylorus.
If the tumor is located anterior inferior head, it
would be safe not to separate omentum and
mesocolon from the pancreatic head and remove
them together (Fig. 23.2). Posteriorly located
tumor can be exposed to posterior surface of the
pancreatic head and invaded into loose tissue
between the pancreas and IVC (Fig. 23.3). So,
when the duodenum with pancreatic head is
mobilized from retroperitoneum (Kocher
maneuver), all the soft tissue between the pan-
creas and IVC should be completely removed so
that IVC is clearly seen without covering any
soft tissues.

.

Orﬂqﬂum

mesocolon

pancreas, (Arrow ¢) plane between omentum and mesoco-
lon and anterior inferior surface of the pancreatic head
(D duodenum, G stomach, P pancreas, /VC inferior vena
cava)
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Fig.23.2 (a) For tumors located anterior superior part of  not to separate covered omentum and mesocolon from the
the head, it would be safer not to separate prepyloric stom-  pancreatic head. (d) Arrow indicates pancreatic head cov-
ach from pancreas head. (b) Arrow indicates the intact soft ~ ered with omentum and mesocolon (G gastric antrum, P
tissue between antropyloric area and pancreatic head. (¢)  pancreas, D duodenum)

For tumors located anterior inferior head, it would be safer

Fig. 23.3 Potential tumor exposure of posterior surface. ~ gross section (a). Pathologic report says “Pancreas poste-
Posterior-located tumor as seen on the cross-sectional rior resection margin: presence of tumor, involved by car-
gross photo (a) can be exposed (arrow indicated) as seen  cinoma” (D duodenum, P pancreas, 7 tumor)

in Fig. (b), that is, microphoto of yellow frame area of
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23.1.2 Level of Organ Transection

Organs to be resected are the bile duct, gastro-
duodenal segment, and pancreas. The level of
bile duct cutting can be customized according to
the tumor origin and location (Fig. 23.4). For

- Distal CBD cancer

== Pancreatic cancer, AoV cancer

Others

Fig. 23.4 Customized level of bile duct transection
according to the tumor origin and proximal extent

Stomach

\

Fig. 23.5 Different options for gastroduodenal transec-
tion level between PD and PPPD ((a) classical pancreato-
duodenectomy (PD), (b) subtotal gastric-preserving PD,
(¢) pylorus-resecting PD, (d) PPPD)

Pylorus

Fig.23.6 Choice
between PD and

PPPD. PD is
recommended for tumor
at anterior superior
portion of the pancreas
(a) and PPPD is
recommended for tumors
at inferior portion-ventral
pancreas (b)

pancreatic head cancer, common hepatic duct
just proximal to the cystic duct insertion site is
recommended. Common bile duct level transac-
tion (distal to the cystic duct) is not recom-
mended because sometimes cystic duct lumen
and long redundant common duct make anasto-
mosis complicated, even though its radicality is
acceptable for pancreatic cancer. It would be
oncologically safer to remove the whole extra-
hepatic common duct for common bile duct
cancer.

There are some options for gastroduodenal
transaction level (Fig. 23.5). In addition to con-
ventional pancreatoduodenectomy and pylorus-
preserving pancreatoduodenectomy (PPPD),
pylorus-resecting or near total gastric-preserving
pancreatoduodenectomy has been introduced
recently as another option, mainly for prevent-
ing delayed gastric emptying after PPPD [2, 3].
If the pylorus is thought to have a significant
physiologic function, it could be the surgeon’s
choice whether they preserve the pylorus for
preventing delayed gastric emptying. In author’s
institution, PPPD is considered first unless there
is any reason to do PD, and then the level of
transaction can be customized between PD and
PPPD according to various factors. For instance,
PD is recommended for the tumor at anterior
superior portion of the pancreas, and PPPD is
recommended for tumors at inferior portion of
the head of the pancreas (Fig. 23.6). If the duo-
denal perfusion condition is not good enough,
other options can be tried, such as pylorus-
transecting PD.
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Pancreatic

/ duct

-

Fig. 23.7 Location of pancreatic duct at the cut section of the pancreatic neck (SMV superior mesenteric vein, SP
splenic vein). (a) CT image and transection line