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Foreword

I am very pleased to have been asked to write the Foreword to this important and
timely book. As Chair of the Human Genetics Commission I am only too aware of
the impact of familial breast cancer, or indeed many other familial cancers, on our
work.

The issues raised by an increased understanding of the genetics of breast cancer
have formed part of our thinking on how to deal with issues of privacy and
confidentiality, such as the provision of genetic information to family members.
Moving beyond the clinical, we have also considered some of the issues concerning
patenting of gene sequences, taking as one example the continuing debate about
the BRCA1 and BRCA2 gene patents. In addition, we have considered familial
breast cancer as one of several conditions on the radar of insurance companies
before underwriting life or health insurance.

I am therefore pleased to see that a fellow member of the Human Genetics
Commission, Professor Patrick Morrison, and his colleagues have so carefully and
clearly set out many of these important issues in this book. I hope that it will be
widely read by clinicians and those responsible for policy in all of these areas and
that they will take note of the important messages herein.

May 2002 Baroness Helena Kennedy QC






Preface

Cancer genetics is a new field where medical knowledge is developing rapidly, and
there is a continuing need to assess the implications of new research into the
genetic aspects of breast and ovarian cancer for clinical management.

Clearly, many individuals have a family history of cancer, but only a small
proportion have inherited genes conferring a high risk of developing specific
cancers. The development of services to identify individuals at high risk for genetic
assessment/testing and management, and to offer those at moderately increased
risk appropriate surveillance and follow-up for cancer, is a major organizational
challenge which must be shared between clinicians at all levels — from primary care
to the specialist geneticist.

Because this field is developing so rapidly, there are scanty up-to-date, concise
and accessible sources of information to which interested professionals (whether
clinical geneticists, surgeons, oncologists, psychologists or other professionals)
can turn. This book has been written to address this.

It is divided into three parts. Part 1 deals with summaries of the molecular
biology and natural history of hereditary breast and ovarian cancer. Part 2
examines current screening recommendations, how services have been set up, the
characteristics of patients referred, and how services differ in different cultures.
Part 3 deals with management of breast and ovarian cancer in mutation carriers
and those at high risk, and also includes chapters on ethical, social and insurance
issues, psychosocial aspects, and preventative surgery.

We hope this volume will be regularly updated and will be of value to all those
involved in cancer genetic screening, counselling and management programmes.

2002 Patrick J. Morrison
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Introduction

Patrick J. Morrison', Shirley V. Hodgson? and Neva E. Haites®

'Belfast City Hospital Trust, Belfast, UK

2Guy's Hospital, London, UK
sUniversity of Aberdeen, UK

It haslong been recognized that some very rare forms of cancer, such as retinoblas-

toma and neurofibromatosis, are caused by inherited genes. It is only within the

last few years, however, that rapid progress has been made in understanding the

role that inherited genes also play in determining a proportion of the more
common cancers, including breast, colorectal and ovarian cancer. Although there
is still uncertainty about the precise contribution of inherited predisposition genes

to the incidence of these cancers, the available evidence suggests that breast,

colorectal and ovarian cancer have a number of common genetic features.

* A small proportion of these cancers (about 5%) are caused by inherited genes
which, though comparatively rare, confer very high lifetime risks of developing
cancer. In some cases these lifetime risks may be as high as 80%.

* Cancers caused by these high penetrance genes are more likely to occur at an
early age than sporadic cancers, and 15-20% of the cancers diagnosed in people
under the age of 50 years may be accounted for by these genetic mutations.

* Carriers of known genetic mutations, which confer high lifetime risks of
developing breast or ovarian cancer, are also at significantly increased risk of
developing certain other forms of cancer.

* A further 10-20% of breast, ovarian and colorectal cancers are likely to be
caused by inherited polymorphisms in predisposition genes, which are
commoner but less penetrant but which confer some increased risk (more than
three times the general population risk). These ‘medium risk’ genes have not yet
been clearly identified.

* Familial clustering of the more common cancers may also be influenced by
environmental and lifestyle factors as well as by chance.

Services for cancer genetics

Cancer genetics is a new field and the organization of services in this area may be

initiated by clinical genetics services or through oncology and other departments,
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where individuals with a special interest in cancer genetics arrange to see individ-
uals with a family history of cancer, estimate their cancer risks and arrange
surveillance and genetic testing as appropriate.

In many parts of Europe, cancer genetics clinics have been established for many
years, and most specialized genetic counselling for cancer susceptibility is organ-
ized from genetics centres. However, the organization and quality of such services
vary, depending on the economic status and healthcare systems of the country.
There is increasing awareness that education and referral guidelines for primary
care physicians are important. This would allow a collaborative relationship to be
developed with primary healthcare services, helping them act as gatekeepers for
the prioritization of referrals for genetics services.

Growing public awareness of the familial risks of cancer has led to a rapid
increase in demand for advice about these risks and in the number of referrals to
genetics clinics in all parts of Europe. Many of these clinics lack the resources to
meet this demand and as a result of this and a desire to provide the ‘best’ service
possible to high-risk patients, clinics need to ensure that the service they provide is
evidence based. Where evidence is lacking, an audit of ‘best practice’ guidelines is
essential to provide the information. In order to obtain sufficient information, a
very large cohort of at-risk individuals, well documented for family history, needs
to be followed up for many years. Such an audit is only possible with large
multicentre trials, and the emerging European and North American collabor-
ations are an ideal forum for this.

The basic aims of genetic services for people concerned about familial risks of
breast or ovarian cancer are: (1) to provide advice and counselling about familial
risks, and (2) to identify those who are at an increased risk. Where possible,
molecular tests for mutations in genes such as BRCAI and BRCA2 may be
possible, and predictive testing will allow the identification of very-high-risk
individuals. Once identified, these individuals will need to be enrolled in effective
protocols for the management of their risk and for the treatment of cancers
detected. Large-scale evaluation of such management is facilitated by European
collaborative studies.

This collection of chapters sets out guidelines for assessing whether individuals
are at an increased risk of developing cancer on the basis of their family history.
The initial point of contact for many individuals concerned about familial cancer
risks is the family doctor. Hence guidelines could be provided to family doctors
and their staff to assist them in the assessment of risks. Individuals considered to
be at sufficiently high risk could be referred to genetics clinics, where a more
detailed assessment would be carried out.

Individuals who are assessed as being at an increased risk of developing cancer,
but often where no BRCAI or BRCA2 mutation can be identified, should be
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offered regular screening. Suggested screening protocols for the management of
these individuals, covering the age range, frequency and type of screening, are
outlined in chapters benefiting from the collective experience of groups from
many European countries and from the USA and Canada.

Cancer genetics is an area where medical knowledge is developing rapidly, and
there will be a continuing need to assess the implications of new research into the
genetic aspects of breast and ovarian cancer for the screening programmes cur-
rently recommended. The implications of research into the genetic aspects of
other forms of cancer may also need to be assessed. The benefit of the experience of
different countries and cultures in implementing the health strategies suggested by
the results of such research is important.

Eleven centres in Europe worked together from 1997 on an EU-funded demon-
stration project entitled: ‘Familial Breast Cancer: Audit of a New Development in
Medical Practice in European Centres’.

The chapters included in this book were generated, in part, from the work of
this project and provide guidelines, evidence and consensus views for a variety of
aspects of patient care within a cancer genetics clinic. The other chapters originate
from colleagues worldwide who are providing evidence in other areas of cancer
genetics on which patient care can be based.

As a final outcome of the EU demonstration project, the ‘International Collab-
orative Group on Familial Breast and Ovarian Cancer’ was established. This
worldwide group will continue the work of the project and will, in addition,
collaborate and integrate with other groups and individuals who share a common
interest in producing evidence to develop our understanding of the inherited
cancers and hence improve the care of patients and their families.



Overview of the clinical genetics of breast
cancer

Neva Haites and Helen Gregory
University of Aberdeen, UK

Introduction

Breast cancer is the most common cancer in women, accounting for 20% of all
new cases of cancer. The lifetime risk to a woman in the UK is 1 in 12 females, with
an incidence of less than 10 per 100 000 women aged under 30 years, rising to 300
per 100 000 in women aged over 85 years. Breast cancer can occur in sporadic and
hereditary forms, and both forms are associated with modification to the genetic
material. In the case of hereditary forms, a constitutive mutation in a specific gene
predisposes individuals to cancer. In sporadic forms, mutations in somatic cells
accumulate and result in transformation of a normal cell to one with malignant
potential.

Statistical analysis of epidemiological data is compatible with a dominant gene
(or genes) predisposing to breast cancer in certain families, with 5-10% of breast
cancer being due to highly penetrant, dominant genes (Easton and Peto, 1990;
Claus et al., 1991). Approximately 10% of isolated cases presenting under 35 years
may be due to such a gene but only 1% of cases presenting over 80 years (Langston
et al., 1996; Ford et al., 1998).

Table 2.1 lists genetic syndromes that may predispose to breast cancer, some of
which will be discussed in this chapter and in some greater detail in subsequent
chapters.

Family history as an indicator of predisposition to breast cancer

A history of breast cancer among relatives has been found, in epidemiological
studies, to be an indication of breast cancer risk. Familial breast cancer is charac-
terized by: a younger age at diagnosis than sporadic forms, increasing numbers of
affected family members, an increased risk of bilateral breast cancer, and a strong
association with ovarian cancer.
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Table 2.1. Genetic syndromes associated with breast cancer susceptibility

Syndrome Gene/chromosome
1. Site-specific hereditary breast cancer BRCA1, BRCA2, +
2. Breast/ovarian cancer BRCA1, BRCA2

3. Li-Fraumeni syndrome TP53

4. Ataxia-telangiectasia syndrome ATM

5. Cowden disease PTEN

6. Klinefelter’s syndrome 47, XXY

7. Muir-Torre syndrome MSH2, MLH1

8. Peutz—Jeghers syndrome STK11/LKBI

If a woman has a first-degree relative (mother, sister or daughter) who has
developed breast cancer before the age of 50 years, her own risk of developing the
disease is increased two-fold or greater, and the younger the relative the greater is
the risk. If a woman has two first-degree relatives with the disease, her risk may be
increased four- to six-fold, and again, the younger the relative the greater is the
risk (Claus et al., 1996; McPherson et al., 2000). It must also be remembered that
males can pass on genes predisposing to breast cancer and hence it is also relevant
to consider the history of breast cancer in female relatives of the father of a
consultand.

Studies of familial breast cancer

It has been recognized for many years that there is an association in certain
families between breast and ovarian cancer. The risk for epithelial ovarian cancer
was found to be significantly elevated in patients with first-degree relatives affected
with breast cancer (twice the population risk) (Muderspach, 1994; Claus et al.,
1996). Similarly, the risk for breast cancer was found to be elevated in patients who
had first-degree relatives with ovarian cancer.

Following international studies of large families with an excess of both early-
onset breast cancer and of ovarian cancers, Mary Clair King’s group demonstrated
linkage between inherited susceptibility to early-onset breast cancer and a poly-
morphic marker on chromosome 17q21.3 (Hall et al., 1990). Predisposition to
breast and ovarian cancer was also found with this locus in many families around
the world, but it was also clear that other families existed with an excess of
early-onset breast cancer that did not segregate with this locus (Narod et al., 1995).
Subsequently, by studying, among others, families with male and female breast
cancer, a second locus was found on chromosome 13q12-13 (Wooster et al.,
1994).
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It is now clear that there are other families with a predominance of breast cancer
who are not linked to either of these loci, and hence it is likely that other genes
exist that predispose individuals to breast cancer (Bishop, 1994).

Molecular features

Following the linkage studies, two genes were identified that are implicated in the
pathogenesis of breast and ovarian cancer: BRCAI localized to chromosome
17q21 (Hall et al., 1990; Miki et al., 1994) and BRCA2 localized to chromosome
13q12-13 (Wooster et al., 1994). These two genes would appear to account for
almost all families with breast and ovarian cancer predisposition and also for
approximately 50% of families with predisposition to breast cancer alone (Ford et
al., 1994).

Genes implicated in breast cancer predisposition

BRCA1

Mutations

The BRCAI gene on chromosome 17q21 was identified by positional cloning
methods and found to have 5592 coding nucleotides that are distributed over
100 000 bases of genomic DNA and has 22 coding exons. These encode a protein of
1863 amino acids. Loss of the wild-type allele was found in over 90% of tumours
from women with a germline mutation in BRCAI, and hence it is regarded as a
tumour suppressor gene. In addition, transfection of wild-type BRCAI into
breast/ovarian cell lines decreased cell proliferation, whereas mutant BRCA1 did
not (Koonin et al., 1996).

Sequence analysis of BRCAI indicates that it has a C3HC4 zinc-binding RING-
finger domain at the amino terminus of the protein, a classic simian virus 40-type
nuclear localization sequence in exon 11, and two regions resembling the transac-
tivating domain of a number of transactivation factors called ‘BRCT” (BRCAI
carboxyl-terminal) domains. Other proteins with similar domains function in cell
cycle control and DNA damage repair pathways (Bork et al., 1997; Callebaut and
Mornon, 1997).

More than 500 sequence variations have been identified in BRCAI, and of these,
more than 80% of all BRCAI mutations are frameshift or nonsense mutations that
alter the codon reading frame and result in a ‘stop’ codon producing a premature
protein termination (Futreal et al., 1994; Gayther et al., 1995; FitzGerald et al.,
1996; Szabo and King, 1997; Liede et al., 1999). Genetic susceptibility to breast
cancer is thought to occur when one BRCAI allele is inactivated in the germline
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Table 2.2. Prevalence of BRCAT and BRCA2 genes

General Breast
population cancer Age group
Gene mutation (%) (%) (years)
Ashkenazi BRCAI: 185del AG 0.8 20 <42
BRCAI: 5382insC 0.4
BRCA2: 6174delT 1.2 8 <42
Icelandic BRCA2:999del5 0.6 24 <40
British BRCAI: all mutations 0.11 3.1 <49
BRCA2: all mutations 0.12 3.0 <49

From Peto et al. (1999); Johannesdottir et al. (1996); Struewing et al. (1997).

and subsequently the other allele is lost in somatic breast tissue. The most
common mutations, so far discovered, are 185delAG and 5382insC (Table 2.2). In
addition, germline deletions have been found, and may be associated with the high
frequency of ‘Alu’ repeats in the introns. In the Dutch/Belgium population, three
large deletions have been identified and account for 30% of all germline mutations
in Dutch families. Four novel deletions have recently been found in the regulatory
regions of the BRCAI gene in French and American families (Peelen et al., 1997;
Petrij-Bosch et al., 1997; Puget et al., 1999a, 1999b).

Penetrance and prevalence

Collaborative studies by the Breast Cancer Linkage Consortium (BCLC) have
examined multiple families with germline mutations in BRCAI and BRCA2 to
establish the penetrance of mutations in these genes and the risks of other cancers
(Ford et al., 1994; Ford et al., 1998; Puget et al., 1999a) (Figure 2.1). These studies
suggest that carriers of mutations in BRCAI have an associated cumulative breast
cancer risk of 80-85% by age 80 years. Once affected with a first breast cancer, such
gene carriers have a subsequent risk of contralateral breast cancer estimated to be
up to 48% by age 50 years and 64% by age 70 years. Similarly, the risk of ovarian
cancer in carrier women is 60% by age 80 years as compared with a population risk
of around 1%. Colon cancer risk is increased to 6% by the age of 70 years and
prostate cancer may occur three times more often than expected in male BRCA1
mutation carriers, with an absolute risk of 6% by age 74 years (Ford et al., 1998).

There is a correlation between the position of the mutation within the gene and
the ratio of breast to ovarian cancer incidence in a family. It has been noted that
mutations in the 3’ third of the gene are associated with a lower proportion of
ovarian cancer (Futreal et al., 1994), although it is not known whether this is due
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Figure 2.1

BRCA2

N. Haites and H. Gregory

1 e el o m

—{_— BRCA1 Breast cancer

—a— BRCA1 Breast and
ovarian cancer

—O— BRCAZ2 Breast cancer

Risks

—x— BRCA2 Breast and
ovarian cancer

30 40 50 60 70

Age (years)
Breast cancer and breast and ovarian cancer risks in BRCAT and BRCA2 mutation carriers
(Breast Cancer Linkage Consortium, 1999).

to a difference in penetration of the mutation for breast cancer, ovarian cancer or
both (Gayther et al., 1995; Rahman and Stratton, 1998).

Germline mutations in BRCAI account for 15-45% of hereditary breast cancer
and around 80% of breast/ovarian cancer families (Table 2.3). In addition, as is
seen in Table 2.4, there is evidence for an increased risk of colorectal and prostate
cancer (Ford et al., 1998). Studies suggest that BRCAI accounts for about 1% of
breast cancer in the general population (Peto et al., 1999) but about 3% of those
breast cancers occurring in women aged less than 49 years and 0.49% of women
aged more than 50 years (Table 2.5).

A second breast cancer susceptibility gene (BRCA2) was localized to chromosome
13q12-13 (Wooster et al., 1994). In these families, cases of male breast cancer were
found to be a part of the BRCA2 tumour spectrum, and in addition, the risk of
ovarian cancer is lower than in families with BRCAI.

BRCA2was cloned and found to be a large gene (Easton et al., 1995; Wooster et
al., 1995). It has 11 385 coding nucleotides that are distributed over 70 000 bases of
genomic DNA and has 27 exons coding for a protein of 3418 amino acids. It bears
no clear homology to previously described genes and its protein has no previously
defined functional domains. Eight copies of a 30-80 amino acid repeat (BRC
repeat) are coded in the portion of the protein encoded by exon 11. These domains
are highly conserved and are postulated to be involved in the binding of RADS51 to
BRCA2 protein (Callebaut and Mornon, 1997).
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Table 2.3. Heterogeneity analysis
No. of
Family type families BRCAI BRCA2 Other
Families with female  All 117 0.28 0.37 0.35
breast cancer only 6+ breast cancers 34 0.19 0.66 0.15
(no ovarian cancer 4-5 breast cancers 83 0.32 0.09 0.59
or male breast
cancer)
Families with All 94 0.80 0.15 0.05
breast/ovarian cancer 2+ ovarian cancers 52 0.88 0.12 0.00
1 ovarian cancer 42 0.69 0.19 0.12
Families with at least ~ All 26 0.19 0.77 0.04
one male breast
cancer
All families All 237 0.52 0.35 0.13
6+ breast cancers 83 0.46 0.50 0.04
4-5 breast cancers 154 0.55 0.12 0.33
From Ford et al. (1998).
Table 2.4. Risks of cancers other than breast/ovarian cancers in BRCAT and BRCA2
mutation carriers
Cancer type Relative risk
BRCAI Colon 3.30
Prostate 4.11
BRCA2 Stomach 2.59
Pancreas 3.51
Gallbladder 4.97
Melanoma 2.58
Prostate 4.65
From Ford et al. (1998); Breast Cancer Linkage Consortium (1999).
Mutations

Like BRCAI, more than 250 distinct mutations in BRCA2 have been identified,
scattered throughout this gene. To date, insufficient evidence is available for the
risk associated with most missense mutations to be calculated with certainty and
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Table 2.5. Prevalence of BRCAT and BRCA2 mutations in cases of early-onset breast
cancers in England and Wales

Age (years)

0—49 50—69 0-69
BRCAI prevalence (%) 3.12 0.49 1.19
BRCA2 prevalence (%) 3.23 0.94 1.55

Peto et al. (1999).

hence all mutations definitely associated with predisposition to cancer result in
truncation of the BRCA2 protein (Wooster et al., 1995; Takahashi et al., 1996;
Tavtigian et al., 1996). Mutations in both BRCAI and BRCA2 are recorded in the
Breast Cancer Information Core (BIC) website: http://www.nhgri.nih.gov/
Intramural_research/Lab_transfer/Bic/Member/index/html

Penetrance and prevalence
BRCA2 carriers have an increased lifetime risk of developing breast cancer of
80—85% by 80 years of age and a lifetime risk of developing ovarian cancer of 27%
by 80 years of age (Figure 2.1). Multiple other cancers occur in excess in carriers of
BRCA2 and are described in Table 2.4.

About one-half of hereditary site-specific breast cancer families are linked to
mutations in the BRCA2 gene, especially those with cases of male breast cancer
(Wooster et al., 1994; Wooster et al., 1995; Ford et al., 1998) (Table 2.3). However,
ovarian cancer was thought to occur less commonly, although the number of
ovarian cancers resulting from mutations in the BRCA2 gene may be higher than
was previously estimated (Takahashi et al., 1996). In two population-based studies
of women with breast cancer, the result of mutation analysis suggested that
BRCA2 mutations are associated with 3.0% of patients less than 50 years of age
and 0.12% of older women (Peto et al., 1999) (Table 2.5).

Founder effects involving BRCAT and BRCA2
Specific BRCA1/2 mutations are highly prevalent in population subgroups, such as
those identified among Jewish women of central European (Ashkenazi) origin.
Approximately 10% of mutations in BRCAI (Struewing et al., 1997; Bar-Sade et
al., 1998; Fodor et al., 1998) found in cases of breast cancer are accounted for by
185delAG and 5382insC mutations. With the BRCA2 mutation, 6174delT, these
three mutations together may account for a quarter of all cases of early-onset
breast cancer and two-thirds of early-onset breast cancer in the setting of a family
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history of breast/ovarian cancer among Ashkenazi Jewish women (Johannesdottir
et al., 1996) (Table 2.2).

Observations suggest that the penetrance of 185delAG (that is, the likelihood
that a person with the mutation will actually develop cancer) is significantly
greater than the penetrance of 6174delT. This supports the possibility that some
breast cancer gene mutations are associated with a higher risk than others, a
finding that further complicates genetic counselling in this setting (Struewing et
al., 1997). In Icelandic and Finnish populations, the BRCA2 mutation 999del5 is a
founder mutation with evidence from a shared haplotype of a common founder
(Johannesdottir et al., 1996). Similar founder mutations have been found in other
populations and mutations such as large deletions may also be specific to founder
populations (Szabo and King, 1997; Liede et al., 1999).

Function of BRCAT and BRCA2 proteins

Studies of the normal function of BRCAI suggest that it encodes a protein
involved in the cellular response to DNA damage, a role in transcription and cell
cycle control. BRCAI has been found to be part of a subnuclear focus known to
contain RADS51, a human homologue of the yeast DNA damage checkpoint gene,
thought to be involved in homologous recombination and double-strand break
repair. It is also thought to have a role in regulating apoptotic cell death. From
studies on human cell lines containing only mutant BRCAI there is a suggestion
that they have increased sensitivity to ionizing radiation, and are defective for
transcription-coupled repair but not for double-strand repair. Evidence indicates
a link between BRCAI phosphorylation by Chk2 and ATM. This suggests that
BRCA1 may link DNA repair functions of BRCA2 to pathways that signal DNA
damage or incomplete DNA replication (Oddoux et al., 1996; Bertwistle et al.,
1997; Hsu and White, 1998; Abbott et al., 1999; Chen et al., 1999).

Heterogeneity
As can be seen in Table 2.3, Ford et al. carried out heterogeneity analyses using
BRCA1/2 linkage data. With the Cancer and Steroid Hormone (CASH) model
being assumed for all genes, they estimated the proportions of families linked to
each gene depending on the family structure and prevalence of cancer. This
suggested that 52% of breast cancer in families was due to BRCAI and 35% to
BRCA2.

They also estimated the proportions under the assumption that BRCA1 confers
the risks estimated in previous Breast Cancer Linkage Consortium studies. In
general, both methods gave very similar results with the exception that families
with male breast cancer were not included in the latter calculations, as the
penetrance in males is not known for all genes. The largest difference between the
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two methods is that, with the latter, the estimated proportion linked to BRCAI in
families with six or more breast cancers was higher at 29% as compared with 19%.

Predictive testing for BRCA1 and BRCA2

‘BRCAX’

It is generally agreed that none of the currently available cancer susceptibility
mutation tests is appropriate for the screening of asymptomatic persons in the
general population, although the population-specific mutations described among
Ashkenazi Jews and Icelanders, for example, may achieve that status in the future.
The testing of unaffected members of a family known to carry a BRCAI or BRCA2
mutation or another cancer-predisposing gene (known as a predictive genetic test)
is probably best done at specialist clinics. Counselling is discussed in greater detail
in Chapters 9, 11 and 18.

Studies indicate that 10-20% of families at high risk of breast cancer are not linked
to either BRCAI or BRCA2. Studies continue to look for evidence of linkage in
families with multiple affected individuals. A recent study of the histopathology of
BRCA1/2-associated familial cancers has shown evidence of features specific to
BRCA1-and BRCA2-associated tumours. The characteristics of tumours in famil-
ial forms not linked to BRCA1/2 may provide phenotypic discriminatory informa-
tion to assist in future gene identification. Similarly, other features, e.g. sensitivity
of fibroblasts from individuals with breast cancer to ionizing radiation, may
extend the phenotype (Bishop, 1994; Lakhani et al., 2000).

Several recent studies indicate that the majority of families with five or fewer
cases of breast cancer and no cases of ovarian cancer are not linked to BRCAI or
BRCAZ2. It has been proposed that a further breast cancer susceptibility gene that
may account for some of these families is located on chromosome 8p12-22
(Imbert et al., 1996). Thirty-one site-specific breast cancer families have been
identified that have a greater than 80% posterior probability of being due to genes
other than BRCA1I or BRCA2. These families have been examined for linkage to
8p12-22 using markers flanking the putative location of the gene. The data
obtained do not lend support to the hypothesis that chromosome 8p12-22
harbours a familial breast cancer susceptibility gene (Rahman et al., 2000).

Li-Fraumeni syndrome

This syndrome was first described in 1969 (Li and Fraumeni, 1969; Birch, 1994)
and is associated with early-onset and bilateral breast cancer in young women and
with other tumours such as soft-tissue sarcomas, osteosarcomas, brain tumours,
leukaemia and adrenocortical carcinoma. There is a high lifetime penetrance and
up to 50% of female mutation carriers will have had breast cancer by 50 years of
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age. The Li—-Fraumeni syndrome is associated with germline TP53 mutations in
the majority of families, but mutations have not been found in all classic Li-
Fraumeni families (Malkin et al., 1990; Birch et al., 1994). Investigation of cancer
incidence in 34 Li-Fraumeni families, according to their constitutional TP53
mutation status, showed that families with germline missense mutations in the
core DNA binding domain showed a more highly penetrant cancer phenotype
than families with other TP53 mutations or no mutation. Cancer phenotype in
families carrying such mutations was characterized by a higher cancer incidence
and earlier ages at diagnosis, especially of breast cancer and brain tumours,
compared with families carrying protein-truncating or other inactivating muta-
tions. Proband cancers showed significantly younger ages at diagnosis in those
with missense mutations in the DNA binding domain than in those with protein-
inactivating mutations. In women with sporadic breast cancer, less than 1% have a
p53 mutation and hence germline p53-associated breast cancer is found mainly in
families with Li—-Fraumeni syndrome.

Recently, mutations have been described in the hChk2 gene in Li-Fraumeni
families (Varley et al., 1997; Birch et al., 1998). The hChk2 gene encodes the
human homologue of the yeast Cdsl and RAD53 G2 checkpoint kinases, whose
activation in response to DNA damage prevents cellular entry into mitosis.
Heterozygous germline mutations in hChk2 occur in Li-Fraumeni syndrome.
These observations suggest that hChk2 is a tumour suppressor gene conferring
predisposition to sarcoma, breast cancer and brain tumours, and they also provide
a link between the central role of p53 inactivation in human cancer and the
well-defined G2 checkpoint in yeast.

Chk2 is a DNA damage-activated protein kinase that lies downstream of ATM
in the DNA damage response pathway. Two of the reported Chk2 mutations
identified in Li-Fraumeni syndrome result in loss of Chk2 kinase activity. While
one mutation within the Chk2 forkhead homology-associated (FHA) domain,
R145W, retains some basal kinase activity, this mutant cannot be phosphorylated
at Thr-68, an ATM-dependent phosphorylation site, and cannot be activated
following gamma radiation. The other FHA domain mutant, I157T, behaves as
wild-type Chk2 in all the assays utilized. Since the FHA domain is involved in
protein—protein interactions, this mutation may affect associations of Chk2 with
other proteins. Additionally, it was shown that Chk2 could be inactivated by
down-regulation of its expression in cancer cells. Thus, Chk2 may be inactivated
by multiple mechanisms in the cell (Bell et al., 1999; Wu et al., 2001).

Low penetrance/modifier genes

Candidate genes with a function known to be consistent with a potential role in
carcinogenesis have been studied to determine whether they influence the risk of
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breast cancer in both the general population and, more recently, in individuals
carrying BRCAI and BRCA2 gene mutations. The polymorphisms in these genes
are usually common in the general population and may be associated with a small
increased risk. They may only be seen to have an effect in carriers of other known
gene mutations or in certain environmental circumstances.

The androgen receptor (AR) gene located on chromosome Xq11.2-12 has a
‘CAG’ (cytosine—adenine—guanine) repeat in exon 1. AR alleles containing longer
CAG repeat are associated with a decreased ability to activate AR-responsive
genes. In women carrying a BRCAI mutation, it has been found that the age at
breast cancer diagnosis was earlier in women who had one copy of the CAG repeat
that was very long. These results suggest that the pathway involving androgen
signalling may affect the risk of BRCAI-associated breast cancer. In addition,
germline mutations of this gene may contribute to male breast cancer. However,
the majority of male breast cancers are not X-linked, and other genetic alterations
must be considered in the pathogenesis (Rebbeck et al., 1999).

CYPIAI is a P450 gene and encodes aryl hydrocarbon hydroxylase, which
catalyses the conversion of oestradiol to hydroxylated oestrogen. Some small
studies have suggested that polymorphisms in this gene may be associated with an
increased risk of breast cancer in some populations. In experimental systems,
polychlorinated biphenyls (PCBs) can induce CYPIAI. In postmenopausal
women, women heterozygous for an exon 7 point mutation and who had an
increased exposure to PCBs were at an increased risk of breast cancer (Crofts et al.,
1994; Moysich et al., 1999; Taioli et al., 1999).

Glutathione S-transferases are a family of genes encoding enzymes that catalyse
the conjugation of reactive metabolic intermediates to soluble glutathione conju-
gates and hence facilitate clearance (Forrester et al., 1990). Of the four classes of
polymorphisms, three are expressed in the breast. Two — GSTu and GST0 genes —
have null polymorphisms, which, in homozygotes, results in a total lack of
enzyme. Studies have suggested that these alleles influence the age at first cancer
diagnosis in BRCAI carriers with a 22% difference across the observed age range
(2540 years) by the GSTT1 genotype but may not affect the risk in the general
population (Rebbeck et al., 1995; Lancaster et al., 1996; Miki et al., 1996; Rebbeck,
1997; Ambrosone et al., 1999).

The H-ras-1 variable number of tandem repeats (VNTR) polymorphism site
lies one kilobase downstream from the H-ras-1 proto-oncogene on chromosome
11p15.5. Individuals who have rare alleles of the VNTR have an increased risk of
certain types of cancers, including breast cancer (Phelan et al., 1996). These alleles
are found in up to 6% of the general population, and as a result, up to 9% of all
breast cancer may be attributable to this genetic polymorphism. The risk of breast
cancer is increased in patients with one or two rare alleles and, in addition,
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analyses of somatic alterations in tumour DNA have shown the loss of one allele,
in general the longest, in 6.7% of informative cases and an instability to H-ras
locus in 6.5% of tumours that appeared as a size increase of one of the two alleles.
These results demonstrated an association of rare H-ras alleles with breast cancer.

Phelan et al. (1996) investigated this polymorphism in 307 female BRCAI
carriers. The risk for ovarian cancer in this group was 2.11 times greater for
BRCAI carriers with one or two rare H-ras-1 alleles, compared with carriers with
only common alleles. Susceptibility to breast cancer did not appear to be affected
by the presence of rare H-ras-1 alleles (Gosse-Brun et al., 1999).

Polymorphisms in the N-acetyltransferase (NAT2) gene are associated with an
altered rate of metabolism of carcinogens, with wild-type alleles producing a rapid
acetylator phenotype and homozygosity for combinations of variant alleles result-
ing in a slow phenotype. It has been shown that there is a statistically significant
interaction between acetylator status among BRCAI carriers and the number of
packs of cigarettes they smoke per week, duration of time they had smoked, or age
at which they started smoking. This suggests that BRCAI carriers who smoke are
at increased risk of breast cancer if they are slow acetylators (Ambrosone et al.,
1996; Rebbeck et al., 1997; Ambrosone et al., 1998).

Conclusions

It is important to note that only a minority of breast cancers (5-6%) are due to
highly penetrant inherited genes, and that the majority are likely to be due to
adverse environmental influences, although there may be genetic susceptibilities
to such influences.

There is still a great deal to be learnt about BRCA mutation carriers. In addition,
at least eight genes have been identified that may contribute to inherited breast
cancer susceptibility, and others are likely to be found. BRCAI and BRCA?2 are
currently the most important of these genes, and predictive genetic testing to
identify mutations at these loci is under way.

Families in which a mutation in BRCA1/2 is associated with predisposition to
cancer are relatively uncommon. Specific BRCA1/2 mutations may be of special
importance in selected populations. The relatively rare but highly penetrant genes,
for example BRCA1, BRCA2 and TP53, produce dramatic familial aggregations of
breast cancer. The ultimate outcome of the ongoing work will be the identification
of the molecular mechanisms by which inherited breast cancers develop, thereby
allowing primary prevention to be accomplished as the pathogenic genetic lesions
are being repaired.

It is important to remember that the incidence of sporadic cancer is very high in
the general population, and so even if an individual is found not to be a carrier for
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a gene mutation, they still have a residual risk of developing a similar cancer, and
therefore need to be counselled accordingly.
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Introduction

The differential diagnosis of familial breast and ovarian cancer must always
include Cowden syndrome (CS, Mendelian Inheritance in Man Catalogue Num-
ber (MIM) 158350). CS, also known as multiple hamartoma syndrome, is named
after Rachel Cowden (Lloyd and Denis, 1963), who died of bilateral breast cancer
in her early thirties (Brownstein et al., 1978). It is an under-diagnosed, under-
recognized, autosomal dominant inherited cancer syndrome characterized by
hamartomas, which can develop from derivatives of any of the three germ-cell
layers, and carries a high risk of breast, thyroid and possibly endometrial cancers
(Eng, 2000b). Germline mutations of PTEN, a tumour suppressor gene localized
to 10q23.3, are associated with the great majority of CS cases (Nelen et al., 1996; Li
et al., 1997; Liaw et al., 1997; Marsh et al., 1998b). Other syndromes, such as
Bannayan—Riley—Ruvalcaba syndrome (BRR, MIM 153480) and a previously
unclassified Proteus-like syndrome, which previously were not suspected of hav-
ing an increased risk of cancer, have also been found to be partly accounted for by
PTEN mutations (Marsh et al., 1997a, 1999; Zhou et al., 2000b).

Clinical aspects

Epidemiology

22

Because the diagnosis of CS is difficult, the true incidence is unknown. Prior to
gene identification, a population-based estimate in Amsterdam was one in a
million (Starink et al., 1986; Nelen et al., 1996). However, after identification of
the susceptibility gene, the same population base yielded an incidence of one in
200000 (Nelen et al., 1997, 1999), although the latter is still likely to be an
under-estimate. Nonetheless, CS has been reported from many countries from
around the world, including those in North America, Europe and Asia. Little is
known about the epidemiology of BRR.
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Table 3.1. Common manifestations of Cowden syndrome

Mucocutaneous lesions (90—100% )
Trichilemmomas
Acral keratoses

Verucoid or papillomatous papules

Thyroid abnormalities (50-67%)
Goitre

Adenoma

Cancer (3-10%)

Breast lesions
Fibroadenomas/fibrocystic disease (76% of affected females)

Adenocarcinoma (25-50% of affected females)

Gastrointestinal lesions (40%)
Hamartomatous polyps
Macrocephaly (38%)

Genitourinary abnormalities (44% of females)

Uterine leiomyoma (multiple, early onset)

Because CS is under-recognized, it is difficult to obtain a true count of the
proportion that is familial and that which is isolated. From the literature, the
experience of a major CS centre in North America and a series of CS probands
ascertained for research purposes, perhaps 10-50% are familial and the remainder
isolated cases. Similarly, it would appear that many BRR cases are isolated, and
that no more than 50% are familial (Marsh et al., 1999).

Diagnosis

Cowden syndrome
CS usually presents by the late twenties. It is believed that more than 90% of
affected individuals manifest a phenotype by their twenties (Nelen et al., 1996;
Eng, 2000b). By the third decade, 99% of affected individuals would have develop-
ed the mucocutaneous stigmata, although any of the features could be present
already (Tables 3.1 and 3.2). Because the clinical literature on CS consists mostly
of reports of the most obvious or most unusual families, or case reports by
sub-specialists interested in their respective organ systems, the true spectrum of
component signs is unknown. Despite this, the most commonly reported manifes-
tations are: mucocutaneous lesions; thyroid abnormalities; fibrocystic disease and
carcinoma of the breast; gastrointestinal hamartomas; multiple, early-onset
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Table 3.2. International Cowden syndrome Consortium operational criteria for the
diagnosis of Cowden syndrome (version 2000)*

Pathognomonic criteria

Mucocutaneous lesions:
Trichilemmomas, facial
Acral keratoses
Papillomatous papules

Mucosal lesions

Major criteria

Breast carcinoma

Thyroid carcinoma (non-medullary), especially follicular thyroid carcinoma
Macrocephaly (megalencephaly) (say, > 97 percentile)

Lhermitte-Duclos disease (LDD)

Endometrial carcinoma

Minor criteria

Other thyroid lesions (e.g. adenoma or multinodular goitre)
Mental retardation (say, IQ <75)

Gastrointestinal hamartomas

Fibrocystic disease of the breast

Lipomas

Fibromas

Gastrointestinal tumours (e.g., renal cell carcinoma, uterine fibroids) or malformation

Operational diagnosis in an individual
1. Mucocutaneous lesions alone if:
(a) there are six or more facial papules, of which three or more must be trichilemmoma,
or
(b) cutaneous facial papules and oral mucosal papillomatosis, or
(c) oral mucosal papillomatosis and acral keratoses, or
(d) palmo-plantar keratoses, 6 or more
2. Two major criteria but one must include macrocephaly or LDD
3. One major and three minor criteria

4. Four minor criteria

Operational diagnosis in a family where one individual is diagnostic for CS
1. The pathognomonic criterion/criteria
2. Any one major criterion with or without minor criteria

3. Two minor criteria

*Operational diagnostic criteria are reviewed and revised on a continuous basis as new clinical
and genetic information becomes available. The 1995 and 2000 versions have been accepted by
the US-based National Comprehensive Cancer Network Genetics/High Risk Panel.
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uterine leiomyoma; macrocephaly (specifically, megalencephaly) and mental re-
tardation (Table 3.1) (Starink et al., 1986; Hanssen and Fryns, 1995; Mallory,
1995; Longy and Lacombe, 1996; Eng, 2000b). Pathognomonic mucocutaneous
lesions are trichilemmomas and papillomatous papules (Table 3.2). Because of the
lack of uniform diagnostic criteria for CS prior to 1995, a group of individuals —
the International Cowden Consortium — who were interested in systematically
studying this syndrome to localize the susceptibility gene arrived at a set of
consensus operational diagnostic criteria (Nelen et al., 1996; Eng, 1998). These
criteria have been revised recently in the context of new data and are reflected in
the practice guidelines of the US-based National Comprehensive Cancer Network
Genetics/High Risk Panel (Table 3.2) (NCCN, 1999; Eng, 2000b).

The two documented component cancers in CS are carcinoma of the breast and
of the thyroid (Starink et al., 1986). By contrast, in the general population, lifetime
risks for breast and thyroid cancers are approximately 11% (in women) and 1%,
respectively. In women with CS, lifetime risk estimates for the development of
breast cancer range from 25% to 50% (Starink et al., 1986; Hanssen and Fryns,
1995; Longy and Lacombe, 1996; Eng, 1997). The mean age at diagnosis of CS
breast cancer is likely to be 10 years earlier than that of breast cancer occurring in
the general population (Starink et al., 1986; Longy and Lacombe, 1996). Although
Rachel Cowden died of breast cancer at the age of 31 years (Lloyd and Denis, 1963;
Brownstein et al., 1978) and the earliest recorded age of diagnosis of breast cancer
is 14 years (Starink et al., 1986), the majority of CS breast cancers are diagnosed
after the age of 30-35 years (range 14-65) (Longy and Lacombe, 1996). Until
genotype—phenotype analyses were performed with the discovery of the suscepti-
bility gene, it was thought that male breast cancer was not a component of CS.
However, male breast cancer does occur in PTEN-mutation-positive CS but with
unknown frequency (Marsh et al., 1998b; Fackenthal et al., 2001).

The lifetime risk for non-medullary thyroid cancer can be as high as 10% in
males and females with CS. Because of small numbers, it is unclear if the age of
onset is truly earlier than that of the general population. Histologically, the thyroid
cancer is predominantly follicular carcinoma, although papillary histology has
also been observed rarely (Starink et al., 1986; Hanssen and Fryns, 1995; Longy
and Lacombe, 1996; Eng, unpublished observations). Medullary thyroid carcin-
oma has yet to be observed in patients with CS.

Benign tumours are also common in CS (Tables 3.1 and 3.4). Apart from those
of the skin, benign tumours or disorders of breast and thyroid are the most
frequently noted, and likely represent true component features of this syndrome
(Table 3.1). Fibroadenomas and fibrocystic disease of the breast are common signs
in CS, as are follicular adenomas and multinodular goitre of the thyroid. An
unusual central nervous system tumour — cerebellar dysplastic gangliocytoma — or
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Table 3.3. Reported malignancies in patients with Cowden syndrome

Central nervous system

Glioblastoma multiforme

Mucocutaneous
Squamous cell carcinoma
Basal cell carcinoma
Malignant melanoma

Merkel cell carcinoma

Breast

Adenocarcinoma

Endocrine

Non-medullary thyroid carcinoma (classically of follicular histology)

Pulmonary

Non-small-cell carcinoma

Gastrointestinal
Colorectal carcinoma
Hepatocellular carcinoma

Pancreatic carcinoma

Genitourinary

Uterine carcinoma

Opvarian carcinoma

Transitional cell carcinoma of the bladder

Renal cell carcinoma

Other

Liposarcoma

Lhermitte-Duclos disease, has only recently been associated with CS (Padberg et

al., 1991; Eng et al., 1994).

Other malignancies and benign tumours have been reported in patients or
families with CS (Tables 3.3 and 3.4). Given the availability of new data with the
discovery of the gene, exponents of this field believe that endometrial carcinoma
might also be a component tumour of CS as well (Table 3.2 and see below; Eng,
2000b). Whether malignant tumours, other than those in the breast, thyroid and
endometrium, are true components of CS or whether some are coincidental

findings is as yet unknown.
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Table 3.4. Non-cutaneous benign lesions reported in Cowden syndrome

Nervous system Genitourinary

Lhermitte-Duclos disease Female:

Megalencephaly Leiomyomas

Glioma Ovarian cysts

Meningioma Vaginal and vulvar cysts

Neuroma Various developmental anomalies (e.g.
Neurofibroma duplicated collecting system)

Bridged sella turcica Male:

Mental retardation Hydrocele

Breast Varicocele

. L Hypoplastic testes
Fibrocystic disease YPop

Fibroadenoma Skeletal

Hamartoma Craniomegaly

Gynaecomastia of the male breast Adenoid facies

Thyroid Eigh arche.d palate

Goitre ypoplastl.c z.ygoma

Adenoma Kyphoscoliosis

Thyroiditis Pectus excavatum

Thyroglossal duct cyst Bon? cysts . .
1 Rudimentary sixth digit

Hyperthyroidism

Hypothyroidism Other

Gastrointestinal Hypoplastic vulva

Atrial septal defect

Hamartomatous polyposis of the entire tract ) .
e . . Ateriovenous malformations
Diverticuli of the colon and sigmoid

. Eye cataracts
Ganglioneuroma ] o
. Retinal angioid streaks
Leiomyoma

Hepatic hamartomas

Bannayan-Riley-Ruvalcaba syndrome
BRR, also known as Bannayan—Zonana syndrome, Ruvalcaba—Riley—Smith syn-
drome and Myhre—-Smith syndrome, is diagnosed by the classic criteria. In general,
macrocephaly secondary to megalencephaly, lipomatosis, haemangiomatosis and
speckled penis are the hallmark features (Bannayan, 1971; Zonana et al., 1976;
Higginbottom and Schultz, 1982; Halal and Silver, 1989; Gorlin et al., 1992).

Genetics

CS is inherited as an autosomal dominant condition with age-related penetrance.
The major susceptibility gene, or at least a major susceptibility gene, has been
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mapped to 10q22-23 (Nelen et al., 1996). Fine-structure genetic analysis, somatic
genetics on sporadic component tumours and candidate gene analysis identified
PTEN, encoding a dual-specificity phosphatase as the CS susceptibility gene (Liaw
etal., 1997). That PTEN is the CS gene has been confirmed by other groups (Lynch
et al., 1997; Nelen et al., 1997; Tsou et al., 1997).

Germline PTEN mutations in families with BRR have also been found (Marsh et
al.,, 1997a). Thus, at least a subset of BRR and CS may be considered allelic.
Recently, an individual with an unclassified Proteus-like syndrome, who did not
meet the criteria for diagnosis of either BRR or Proteus syndrome, was found to
harbour a germline PTEN mutation as well as a germline mosaic PTEN mutation
(Zhou et al., 2000b). What proportion of Proteus-like, or even classic Proteus,
patients actually have PTEN mutations is currently unknown and is the topic of
ongoing investigation.

Genotype-phenotype associations
Cowden syndrome

A series of 37 unrelated CS probands was ascertained by the strict operational
diagnostic criteria of the International Cowden Consortium (1995 version) (Eng,
1998) for purposes of genotype—phenotype analyses (Marsh et al., 1998b). Of the
37 CS probands, 30 (81%) were found to carry germline PTEN mutations (Marsh
et al., 1998b). Among the 30 mutation-positive probands were two males with
breast cancer. Approximately two out of three of all mutations were found in
exons 5, 7 or 8. Although exon 5, which encodes the phosphatase core motif,
represents 20% of the coding sequence, it harbours 40% of all PTEN mutations in
CS. Association analyses revealed that CS families with germline PTEN mutations
are more likely to develop malignant breast disease when compared with PTEN-
mutation-negative families (Marsh et al., 1998b). Furthermore, non-truncating
mutations and those within the phosphatase core motif and 5" region of it
appeared to be associated with the involvement of five or more organs, a surrogate
phenotype for severity of disease (Marsh et al., 1998b). Another group examined
families for germline PTEN mutations and found mutations in only 13 probands
(Nelen et al., 1999). They could not find any clear genotype—phenotype associ-
ations, most likely owing to their small sample size.

Bannayan-Riley—Ruvalcaba syndrome

When germline PTEN mutations were found in BRR, it suggested that CS and
BRR are allelic (Marsh et al., 1997a). A series of 43 unrelated BRR probands were
ascertained in order to examine their mutation spectrum in the context of the CS
spectrum and to examine genotype—phenotype association in BRR (Marsh et al.,
1999). In contrast to CS, 60% of BRR cases were found to have germline PTEN
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mutations. Furthermore, two of these mutations included one with a cytogeneti-
cally detectable deletion of 10q23, encompassing PTEN, and another with a
translocation involving 10q23. The mutational spectra of BRR and CS seemed to
overlap, thus lending formal proof that CS and BRR, at least a subset, are allelic
(Marsh et al., 1999). There was no difference in mutation frequencies between
isolated BRR and familial BRR. Of interest, more than 90% of CS—-BRR overlap
families were found to have germline PTEN mutations. The presence of PTEN
mutation in BRR was found to be associated with the development of any cancer
as well as tumours of the breast and lipomas. Therefore, the presence of PTEN
mutations in BRR may have implications for cancer surveillance in this syndrome
previously not believed to be associated with malignancy. In view of the genetic
and molecular epidemiological data to date, some clinical cancer geneticists have
found it more useful to consider, and thus medically manage, individuals with
germline PTEN mutations not by clinical syndromic names but under the rubric
of ‘PTEN Hamartoma Tumour Syndrome’ (PHTS) (Marsh et al., 1999).

Cryptic PHTS

Because the spectrum of PHTS may be broader than was previously believed, it
would be important to recognize cryptic cases. Since CS, in and of itself, is difficult
to diagnose clinically, PTEN mutation frequencies in series of ‘CS’ individuals
ranged from a low of 10% (Tsou et al., 1997) to a high of 81% (Marsh et al,,
1998b). The highest mutation frequencies are obtained when CS is strictly defined
by the operational diagnostic criteria of the International Cowden syndrome
Consortium (Table 3.2) (Liaw et al., 1997; Marsh et al., 1998b). A study was
performed that ascertained CS-like probands in which the subjects were not
required to meet the Consortium criteria but were required to have a minimum of
breast cancer and thyroid disease in a single individual or in two first-degree
relatives (Marsh et al., 1998a). Sixty-four unrelated probands were enrolled, and
one germline mutation was found, in a family with follicular thyroid cancer,
bilateral breast cancer and endometrial cancer. This study concluded that the
Consortium criteria were robust, even at the molecular level, and that endometrial
carcinoma might be an important component cancer of CS. In another recent
study, a nested cohort of 103 eligible women with multiple primary cancers within
the 32 826-member Nurses’ Health Study were examined for the occult presence
of germline PTEN mutations (De Vivo et al., 2000). Among 103 cases, five (5%)
were found to have germline missense mutations, all of which have been shown to
cause some loss of function. Of these five, two individuals themselves had en-
dometrial cancer. This study therefore suggests that occult germline mutations
of PTEN and, by extrapolation, CS occur with a higher frequency than was
previously believed. Further, these data confirm the previous observations (Marsh
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et al., 1998a) that endometrial carcinoma is an important component cancer of
CS, and perhaps its presence in a case or family that is reminiscent of CS but does
not quite meet Consortium criteria might actually help to increase the prior
probability of finding PTEN mutations (Eng, 2000b).

When 62 unrelated women with breast cancer diagnosed under the age of 40
years old were examined for the occult presence of germline PTEN mutations, two
(3.2%) were found to have missense mutations (FitzGerald et al., 1998). Despite
all these studies, site-specific breast cancer families without CS features not linked
to BRCA1/2 were found not to be linked to 10923 (Shugart et al., 1999) and not to
have germline PTEN mutations (Chen et al., 1998). Interestingly, there have been
no cases of occult germline PTEN mutations uncovered in series of non-familial,
non-medullary, thyroid cancer cases or endometrial cancer cases (Dahia et al.,
1997; Kong et al., 1997; Risinger et al., 1997; Tashiro et al., 1997; Halachmi et al.,
1998; Mutter et al., 2000).

Differential diagnosis

CS has variable expression, and thus, this disorder may be considered as a great
imitator of many syndromes. BRR could be considered in the differential diag-
nosis although, with the identification of PTEN mutations in this syndrome, most
believe that CS and at least a subset of BRR should be considered as a single genetic
entity with the proposed name of ‘PTEN Hamartoma Tumour Syndrome’ or
‘PHTS’ (Marsh et al., 1999). The PHTS entity is particularly germane because
there are currently more than 14 families with an overlap of both CS and BRR
features (Marsh et al., 1999; Eng, unpublished observations). Now, at least one
Proteus-like individual has been found to have germline PTEN mutation (Zhou et
al., 2000b).

Natural differential diagnoses to consider include other hamartoma syndromes,
especially juvenile polyposis syndrome (JPS, MIM 174900) and Peutz—Jeghers
syndrome (PJS, MIM 174900). JPS is an autosomal dominant disorder character-
ized by hamartomatous polyps in the gastrointestinal tract and a high risk of
colorectal cancer and, in a sense, may be viewed as a clinical diagnosis of exclusion.
A single report claimed that germline PTEN mutations can occur in JPS (Ol-
schwanget al., 1998). However, closer inspection of these probands revealed that it
is likely that one has CS and the other was too young to clinically exclude CS, given
that the penetrance under the age of 20 years for classic CS is less than 10%. When
Kurose et al. ascertained a series of patients with the diagnosis of juvenile
polyposis, he found one with germline PTEN mutation, and unlike the previous
series, these investigators were able to recall that patient for re-examination, and
discovered clinical stigmata of CS (Kurose et al., 1999). Thus, finding a germline
PTEN mutation in a presumed JPS case alters the diagnosis to CS (Eng and Ji,
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1998). Subsequently, a major JPS locus was identified on 18q, and germline
mutations in SMAD4 have been found in a subset of JPS (Houlston et al., 1998;
Howe et al., 1998a, 1998b). PJS, which carries a high risk of intestinal carcinomas
and breast cancers, should be clinically quite distinct. The pigmentation of the
peri-oral region in this autosomal dominant hamartoma syndrome is pathogno-
monic (Eng and Blackstone, 1988; Rustgi, 1994). The hamartomatous polyp in PJS
has a diagnostic appearance as well, and is referred to as the ‘Peutz—Jeghers polyp’.
They are unlike the hamartomatous polyps seen in CS and JPS. Clinically, while
Peutz—Jeghers polyps are often symptomatic (intussusceptions, rectal bleeding),
CS polyps are rarely so. Germline mutations in LKB1/STK11, on 19p, have been
found in isolated and familial PJS cases (Hemminki et al., 1997; Hemminki et al.,
1998; Jenne et al., 1998), although some believe that there is a minor susceptibility
gene on 19q as well (Mehenni et al., 1997).

Proteus syndrome (MIM 176920) could be considered in the differential diag-
nosis of CS because of the common theme of overgrowth, e.g. hemihypertrophy,
macrocephaly, connective tissue naevi and lipomatosis (Gorlin, 1984). Like CS,
Proteus syndrome can have a broad spectrum of phenotypic expression, and so its
diagnosis is also made by consensus operational criteria (Biesecker et al., 1999).
Mandatory diagnostic criteria include mosaic distribution of lesions, progressive
course and sporadic occurrence (Biesecker et al., 1999). Connective tissue naevi
are pathognomonic for this syndrome. In a small pilot study to determine whether
Proteus syndrome is part of PHTS, an apparently isolated case of a Proteus-like
syndrome, comprising hemihypertrophy, macrocephaly, lipomas, connective tis-
sue naevi and multiple arteriovenous malformations, was found to have a germ-
line PTEN mutation R335X (Zhou et al., 2000b). Interestingly, a naevus, a
lipomatous region and arteriovenous malformation tissue were found to harbour
a second-hit non-germline PTEN mutation R130X, possibly representing a germ-
line mosaic. Both of these mutations have been previously described in classic CS
and BRR. Thus, this Proteus-like case may be classified as PHTS at the molecular
level, with all its implications for development of malignancies characteristic of
CS/BRR. What proportion of clinical Proteus syndrome or Proteus-like cases will
be reclassified as PHTS at the molecular level is being investigated.

Minor differential diagnoses to consider are neurofibromatosis type 1 (NF-1)
and basal cell naevus (Gorlin) syndrome, although the latter should not be
confused clinically with CS or BRR. In NF-1, the only two consistent features are
café-au-lait macules and neurofibromas of the skin. Plexiform neuromas are
highly suggestive of NF-1. The susceptibility gene for this syndrome has been
isolated as NF-1 on 17q (Viskochil et al., 1990; Wallace et al., 1990). Because of the
large size of the gene, direct mutation analysis is still not practical. In informative
families, linkage analysis is feasible for predictive testing purposes and is 98%
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accurate (Ward et al., 1990). Basal cell naevus syndrome is an autosomal domi-
nant condition characterized by basal cell naevi, basal cell carcinoma and diverse
developmental abnormalities. In addition, affected individuals can develop other
tumours and cancers, such as fibromas, hamartomatous gastric polyps and
medulloblastomas. However, the dermatological findings and developmental fea-
tures in CS and basal cell naevus syndrome are markedly different. For instance,
the palmar pits, together with the characteristic facies of the latter, are never seen
in CS. The major susceptibility gene for basal cell naevus syndrome is also distinct
from CS/BRR, and is the human homologue of the Drosophila patched gene, PTC,
on 9q22-31 (Johnson et al., 1996). Linkage analysis and mutation analysis are
technically possible. However, since it is not known what proportion of patients
with this syndrome will actually turn out to have mutations in PTC, predictive
testing based on mutation analysis alone should be deferred until more data
become available.

Clinical cancer genetic management

The key to proper genetic counselling in CS is recognition of the syndrome.
Families with CS should be counselled as for any autosomal dominant trait with
high penetrance. What is unclear, however, is the variability of expression between
and within families. We suspect that there are CS families who have nothing but
trichilemmomas and who, therefore, never come for medical attention. Based on
the current data, it might also be prudent to treat all PHTS cases like CS, regardless
of their apparent clinical syndrome.

The two most serious, and established, component tumours in CS are breast
cancer and non-medullary thyroid cancer for affected females and males. En-
dometrial cancer is now believed to be a component of CS as well. Patients with CS
or those who are at risk of CS should undergo surveillance for these three cancers.
Beginning in their teens, these individuals should undergo annual physical exam-
inations, paying particular attention to the thyroid examination. Beginning in
their mid-twenties, women with CS or those at risk of it should be encouraged to
perform monthly breast self-examinations and to have careful breast examin-
ations during their annual check-ups. The value of annual imaging studies is
unclear as no objective data are available. Nonetheless, we usually recommend
annual mammography and/or breast ultrasounds performed by skilled individuals
in at-risk women, beginning at age 30 years or 5 years younger than the earliest
breast cancer case in the family, whichever is earlier. Some women with CS
develop severe, sometimes disfiguring, fibroadenomas of the breasts well before
the age of 30 years. This situation should be treated individually. For example, if
the fibroadenomas cause pain or if they make breast cancer surveillance imposs-
ible, then some have advocated prophylactic mastectomies (Brownstein et al.,
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1978). Careful annual physical examination of the thyroid and neck region,
beginning at age 18 or 5 years younger than the earliest diagnosis of thyroid cancer
in the family (whichever is earlier), should be sufficient although a single baseline
thyroid ultrasound in the early twenties might be considered as well. Surveillance
for endometrial carcinoma (see Chapter 14) is recommended, perhaps beginning
at the age of 35-40 years (no data for age at onset) or 5 years younger than the
earliest onset case in the family. For premenopausal women, annual blind repel
(suction) biopsies of the endometrium should be performed. In the post-
menopausal years, uterine ultrasound should suffice.

Whether other tumours are true components of CS is unknown. It is believed,
however, that skin cancers, for instance, might be features of CS. For now,
therefore, surveillance of other organs should follow the American Cancer Society
guidelines, although proponents of CS will advise routine skin surveillance as well.
Some clinical cancer geneticists recommend surveillance for the development of
renal cell carcinoma as well, including urinalysis for occult blood and perhaps
renal ultrasound.

A preliminary study has demonstrated that the presence of germline PTEN
mutation in BRR is associated with cancer development (Marsh et al., 1999). Until
additional data become available, it might be conservative to manage all BRR
individuals and families, especially those harbouring germline PTEN mutations,
like CS cases with respect to cancer formation and surveillance. Given the data that
have accumulated regarding PTEN mutations and PHTS, it would seem that
routine clinical laboratory testing for PTEN mutations, both as a molecular
diagnostic tool and as a predictive tool, might become commonplace. In the US, at
least one academic centre offers clinical PTEN testing, with the molecular diagnos-
tics laboratory working very closely with the Clinical Cancer Genetics Program.

The key to successful management of CS and all PHTS patients and their
families is a multidisciplinary team. There should always be a primary care
provider, usually a general internist, who orchestrates the care of such patients,
some of whom will need the care of surgeons, gynaecologists, dermatologists,
oncologists and geneticists at some point.

Somatic PTEN alterations in sporadic tumours

It is not uncommon to find a high frequency of somatic mutations in a gene, X, in
sporadic counterpart tumours that are components of an inherited cancer syn-
drome whose susceptibility gene is X. For example, germline mutations in the RET
proto-oncogene cause multiple endocrine neoplasia type 2, which is characterized
by medullary thyroid carcinoma, phaeochromocytoma and hyperparathyroidism
(reviewed by Eng, 2000a). Somatic RET mutations have been found in 20-80%
of sporadic medullary thyroid carcinoma (reviewed in Eng, 1999). The three
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sporadic counterpart tumours of CS are breast, thyroid and endometrial carcino-
mas. While a broad range of cancer cell lines harbour a high frequency of
intragenic PTEN mutations and homozygous PTEN deletions (Li et al., 1997; Teng
et al., 1997), this does not hold for non-cultured neoplasias. While breast cancer
can occur in up to 50% of females affected by CS, somatic intragenic PTEN
mutations in non-cultured primary adenocarcinomas of the breast are very rare
(Rhei et al., 1997; Singh et al., 1998; Feilotter et al., 1999). In one study of 54
unselected primary breast carcinomas, only one true somatic mutation was noted
(Rhei et al., 1997). Even when selected for 1023 hemizygous deletion, only 1 out
of 14 samples had a somatic intragenic mutation (Bose et al., 1998). However, the
10q region has not previously shown prominent loss of heterozygosity in breast
cancers. Yet, deletions in the region of PTEN occur in 30-40% of primary breast
carcinomas (Bose et al., 1998; Singh et al., 1998; Feilotter et al., 1999). In one
study, hemizygous deletion of PTEN and the 10g23 region occurred with any
frequency only in invasive carcinomas of the breast but not in in situ cancers, and
appeared to be associated with loss of oestrogen receptor (Bose et al., 1998). In
order to gather evidence of mechanisms of PTEN inactivation other than a genetic
mechanism, 33 well-characterized primary invasive breast adenocarcinomas with-
out intragenic PTEN mutations (Feilotter et al., 1999) were examined for PTEN
deletion and PTEN expression by immunohistochemistry (Perren et al., 1999). Of
these cancers, 11 had hemizygous deletion of PTEN. Five of these 11 with
hemizygous deletion had complete PTEN silencing, while the remainder had
markedly decreased PTEN expression. These observations argue that the second
hit in breast cancers is epigenetic.

Thyroid cancers develop in up to 10% of individuals with CS. Yet, again,
somatic intragenic PTEN mutations are vanishingly rare in non-cultured primary
thyroid cancers. Three studies have demonstrated that hemizygous deletion of
PTEN occurs with a higher frequency in follicular adenomas (20-25%) compared
with follicular carcinomas (5-10%) (Dahia et al., 1997; Marsh et al., 1997b; Yeh et
al., 1999) although a fourth study did not make these findings (Halachmi et al.,
1998). The only intragenic point mutation was a somatic frameshift mutation in a
single papillary thyroid carcinoma (Dahia et al., 1997). This observation suggests
that the pathogenesis of adenomas and carcinomas may proceed along two
different pathways, and that the adenoma—carcinoma sequence is not the rule in
epithelial thyroid neoplasia (Yeh et al., 1999). The data were initially surprising in
view of the clinical phenotype evident in CS; one would expect a larger proportion
of sporadic thyroid carcinomas to be associated with somatic PTEN mutations.
However, a recent expression and genetic analysis of 139 benign and malignant
non-medullary thyroid tumours yielded some interesting data, which may begin
to address this apparent paradox (Gimm et al., 2000b). In this series, follicular
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adenomas, follicular carcinomas and papillary thyroid carcinomas all had a
20-30% frequency of hemizygous deletion, while almost 60% of undifferentiated
carcinomas had hemizygous PTEN deletion. Of note, hemizygous deletion and
decreased PTEN expression were associated. Decreasing PTEN expression was
observed with a declining degree of differentiation. Decreasing nuclear PTEN
expression seemed to precede that in the cytoplasm. The thyroid data suggest that
in addition to structural deletion, inappropriate subcellular compartmentaliz-
ation might also contribute to PTEN inactivation. These observations are corrob-
orated by the observations in endocrine pancreatic tumours where 10q loss is not
associated with immunostaining intensity (Perren et al., 2000). Instead, 10q loss
was associated with malignant status. More interestingly, PTEN expression was
predominantly cytoplasmic in the endocrine pancreatic tumours, whereas expres-
sion was predominantly nuclear in normal islet cells (Perren et al., 2000).

To date, three early series have demonstrated somatic PTEN mutation in
34-50% of apparently sporadic endometrial carcinoma (Kong et al., 1997; Risin-
ger et al., 1997; Tashiro et al., 1997). From these, it was noted that the frequency of
intragenic mutation was much higher (86%) in those of endometrioid histology
with microsatellite instability (Tashiro et al., 1997). Recently, however, 83% of
endometrioid endometrial carcinomas were shown to have somatic intragenic
mutations, and the frequency was equivalently high irrespective of microsatellite
stability status (Mutter et al., 2000). Interestingly, only 33% had deletions or
mutations involving both PTEN alleles, yet 61% expressed no protein (Mutter et
al., 2000). In matched pre-cancers, 55% had intragenic mutation while 75% had
no expression. Hence, PTEN mutation is an early event that initiates endometrial
pre-cancers, and epigenetic PTEN silencing can precede genetic alteration in the
earliest pre-cancers.

Many other types of sporadic cancers have also been examined. For example,
sporadic glioblastoma multiforme carries a relatively high frequency of somatic
PTEN mutations as well as ‘second hit’ intragenic mutations or deletions (Rasheed
et al., 1997; Wang et al., 1997; Diirr et al., 1998; Maier et al., 1998). However,
lower-grade gliomas were not found to be associated with PTEN mutations. It has
now become obvious that PTEN may be inactivated by several different mechan-
isms, and not just somatic intragenic mutations. Several mechanisms of inactiva-
tion can occur in a single tumour type, although the sense is that one particular
mechanism predominates in any one tissue type. For example, in the endometrial
neoplasia system, either two genetic hits, or one genetic hit and one epigenetic
silencing hit, can occur, although the latter predominates. In malignant
melanoma, both inactivating hits for PTEN are epigenetic (Zhou et al., 2000a). In
contrast, PTEN might also be inactivated by differential subcellular compartmen-
talization, as illustrated by thyroid neoplasia and endocrine pancreatic tumours.
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This mechanism is somewhat puzzling, as PTEN has no obvious nuclear localiz-
ation signal. The precise mechanisms of epigenetic inactivation have to be ex-
plored in further detail.

PTEN function

The phenotype of CS easily lent clues as to the function of PTEN. From the salient
features alone, it was predicted that the susceptibility gene for CS would be
important in normal development and would affect the cell cycle and/or apoptosis
(Nelen et al., 1996). All of these predictions have been borne out, including
PTEN’s role in normal human development (Di Cristofano et al., 1998; Suzuki et
al., 1998; Podsypanina et al., 1999; Gimm et al., 2000a), cell cycle arrest (Furnari et
al., 1997; Furnari et al., 1998; Li and Sun, 1998) and apoptosis (Li et al., 1998;
Weng et al., 1999).

PTEN is the major 3-phosphatase for phosphoinositide-3,4,5-triphosphate
(Maehama and Dixon, 1998; Myers et al., 1998; Stambolic et al., 1998) and signals
down the Akt/PKB apoptotic pathway (Furnari et al., 1998; Li et al., 1998; Myers et
al., 1998; Stambolic et al., 1998; Dahia et al., 1999). Accordingly, when PTEN was
transiently ectopically expressed in PTEN-null breast cancer lines, only apoptosis
occurred (Li et al., 1998). When PTEN was expressed in endogenously wild-type
breast cancer lines, no differences were observed (Li et al., 1998). In contrast, when
PTEN was transiently expressed in glioma lines, only G1 cell cycle arrest was
observed (Furnari et al., 1997; Furnari et al., 1998; Li and Sun, 1998). However,
when wild-type PTEN was stably expressed in endogenous wild-type PTEN breast
cancer lines, a time-dependent G1 arrest followed by apoptosis was observed
(Weng et al., 1999). Further, when wild-type PTEN was transiently expressed in a
panel of non-medullary thyroid cancer lines, whether they underwent both apop-
tosis and G1 arrest, or G1 arrest alone, appeared to be cell type dependent (Weng
etal., 2001b). The lines derived from well-differentiated papillary thyroid carcino-
mas underwent G1 arrest only. From the existing data, it is believed, probably
somewhat naively, that apoptosis occurs through PTEN’s lipid phosphatase
activity via Akt because downstream of Akt lies BAD, Bcl, 14-3-3 sigma and
FKRLH, which presumably could act as the transcription factor for the death
factor FAS (Di Cristofano et al., 1999). However, there is now evidence that
PTEN-mediated apoptosis can occur via Akt/PI3 kinase-dependent and indepen-
dent pathways (Weng et al., 2001a). The full panoply of the mediators of PTEN-
mediated G1 arrest is unknown but might include cyclin D1 and p27. Whether it is
RB-dependent or -independent remains controversial.
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Note added in proof

Two of five individuals with classic Proteus syndrome have been found to carry
germline PTEN mutations (Zhou et al., 2001).
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Summary

Ovarian cancer is the fifth most common cause of cancer death in women in
Western countries and family history of the disease is one of the strongest known
risk factors. In most populations, 5-10% of all ovarian cancer cases are caused by
the inheritance of cancer-predisposing genes with an autosomal dominant pattern
of transmission. In the Ashkenazi Jewish population, this figure is very higher
(20-30%). Hereditary ovarian cancer usually occurs in the context of hereditary
breast cancer and is attributable to mutations in BRCAI or BRCA2. Rarely, it
occurs in a site-specific form, again usually due to these two genes. Mutations in
mismatch repair genes are also associated with an increased risk of ovarian cancer.
The age of onset of hereditary ovarian cancer varies according to which gene
carries the mutation. Thus far, the clinicopathological features of BRCA1/2-
related ovarian cancer do not differ markedly from the non-hereditary form.
Nevertheless, the identification of the genes responsible for most hereditary
ovarian cancers has opened a new area of early detection methods and preventive
procedures specifically dedicated to women identified as carrying ovarian cancer
predisposing genes.

Introduction

43

Ovarian cancer is the fifth most common malignancy and the fifth leading cause of
cancer deaths among North American and northern European women. More
women will die of ovarian cancer than from cancer arising in all other female
reproductive organs combined. Ovarian cancer is mostly a disease of peri-
menopausal and postmenopausal women. Like breast cancer, there is a steady
increase in ovarian cancer incidence with age, and ovarian cancer before the age of
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40 years is rare. Besides age, the other risk factors associated with the disease are a
family history of ovarian or breast cancer, infertility, nulliparity, early menarche
and late menopause (Hildreth et al., 1981; Parazzini et al., 1991; Whittemore et al.,
1992; Amos and Struewing, 1993; Godard et al., 1998). Other factors, including
dietary intake of calcium, lactose, fibre, alcohol and coffee, have been associated
less consistently with an increased risk of the disease (Mori et al., 1988; Whitte-
more et al., 1988; Cramer et al., 1989; Parazzini et al., 1992; Godard et al., 1998).
High parity, oral contraceptive use, tubal ligation and hysterectomy have been
associated with a reduction in risk (Casagrande et al., 1979; Hildreth et al., 1981;
Cramer et al., 1983; Franceschi et al., 1991; Whittemore et al., 1992; Hankinson et
al., 1993; Adami et al., 1994; Rosenberg et al., 1994; Kerber and Slattery, 1995;
Purdie et al., 1995). After age, the factor most strongly associated with ovarian
cancer risk is a family history of ovarian cancer (Whittemore et al., 1992; Amos
and Struewing, 1993).

The increase in ovarian cancer cases in women with a family history of the
disease has led to a search for inherited genetic causes of ovarian cancer. From
epidemiological studies and mutation surveys, it is now estimated that between
5% and 13% of all epithelial ovarian cancers result from the inheritance of
germline mutations in cancer-predisposing genes (Houlston et al., 1991; Narod et
al., 1994a, 1995; Claus et al., 1996; Whittemore et al., 1997; Godard et al., 1998).
This estimate varies substantially by ethnicity, being approximately 5% in non-
Ashkenazi-Jewish populations and about 20% in Ashkenazim (Modan et al., 1996;
Muto et al., 1996; Gotlieb et al., 1998; Moslehi et al., 2000). Among common adult
malignancies, ovarian cancer was predicted to have the highest proportions
attributable to susceptibility genes (Kerber and Slattery, 1995). Nevertheless, less
than 5 in 10 000 women in the United States were estimated to be at increased risk
of developing ovarian cancer owing to a strong genetic predisposition (Claus and
Schwartz, 1995).

Risks of ovarian cancer and their assessment

Population risk

Approximately 140000 new cases of ovarian cancer occur worldwide yearly
(Parazzini et al., 1991). This number represents 4% of all female cancers, and the
disease is more prevalent in developed countries. The highest age-adjusted inci-
dence rates are observed in eastern and northern Europe, North America and
among Jews born in America or Europe (range 7.0-15.1 per 100 000) (Parkin et
al., 1997). The lowest age-adjusted incidence rates occur in northern and western
Africa, and Asia, including Japan (range 0.7—6.7 per 100 000). Worldwide, one of
the highest rates of ovarian cancer in the world occurs in Israeli Jews born in North
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America or Europe (age standardized incidence rate, 13.5 per 100 000). There are
clearly ethnic-specific variations in incidence. For example, the prevalence of
mutations in the major breast/ovarian cancer susceptibility genes BRCAI and
BRCA2 is very high in the Ashkenazi Jewish population.

In the United States, it was estimated that in the year 2000, 23 100 women
would develop ovarian cancer and 14 000 would die of the disease (Greenlee et al.,
2000). The lifetime probability of developing ovarian cancer in the North Ameri-
can population is approximately 1.4%. Of note, even in the absence of a family
history of ovarian cancer, this estimation is substantially influenced by the other
risk factors. Based on pooled data from seven case-control studies and the SEER
(US Surveillance, Epidemiology and End Results program) incidence data, the
lifetime risk of developing ovarian cancer ranges from 0.6% for women with three
or more term pregnancies and 4 or more years of oral contraceptive use to 3.4%
among nulliparous women with no oral contraceptive use (Hartge et al., 1994).

Familial ovarian cancer

Familial aggregation of ovarian cancer has been variably defined as occurring
when: (1) two first-degree relatives have ovarian cancer, or (2) the proband has
ovarian cancer as well as one or more of her first- or second-degree relatives
(Lynch and Lynch, 1992). Case-control studies designed to estimate the relative
risk of developing ovarian cancer associated with a family history of the disease are
summarized in Table 4.1. In a meta-analysis of case-control and cohort studies on
family history and risk of ovarian cancer, the relative risk for all first-degree
relatives was 3.1 (95% CI, 2.6-3.7), 1.1 (95% CI, 0.8—1.6) for mothers of cases, 3.8
(95% CI, 2.9-5.1) for sisters and 6.0 (95% CI, 3.0-11.9) for daughters, respectively
(Stratton et al., 1998). In another study, the risk increased with the number of
first-degree relatives affected (Kerber and Slattery, 1995).

Initial work suggested that women who have one first-degree relative affected
by, or who died of, ovarian cancer were at greater risk of developing ovarian
cancer, but not at an age earlier than the general population (Schildkraut and
Thompson, 1988a; Schildkraut et al., 1989; Greggi et al., 1990; Amos et al., 1992;
Easton et al., 1996). However, an inverse relationship between age at onset of the
ovarian cancer and risk for close relatives has been reported in some studies
(Houlston et al., 1993; Lynch et al., 1993; Hemminki et al., 1998; Vaittinen and
Hemminki, 1999; Moslehi et al., 2000). Houlston et al. analysed 391 ovarian
cancer pedigrees and found that the risk of developing ovarian cancer among the
relatives of ovarian cancer case patients diagnosed before age 45 years, between 45
and 54 years, and after 55 years were 14.2, 5.2 and 3.7, respectively (Houlston et al.,
1993). In a Swedish population-based study, the familial hazard ratio of ovarian
cancer in daughters, adjusted for age and decade of birth, was 4.2 (95% CI,
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2.2-8.2) when mothers with ovarian cancer were younger than 50 years at
diagnosis, compared with 2.3 (95% CI, 1.6-3.4) when mothers were diagnosed at
or after 50 years (Hemminki et al., 1998). A higher risk of early-onset ovarian
cancer is also recognized in the small proportion of women who have several
affected relatives (Amos et al., 1992).

Besides ovarian cancer, case-control studies have also shown that relatives of
women with ovarian cancer have a significantly increased risk of developing breast
cancers (Mori et al., 1988; Schildkraut et al., 1989; Parazzini et al., 1992; Jishi et al.,
1995; Moslehi et al., 2000), colon cancers (Cramer et al., 1983; Godard et al.,
1998), pancreatic cancers (Goldgar et al., 1994; Kerber and Slattery 1995; Moslehi
et al., 2000), prostate cancers (Cramer et al., 1983; Jishi et al., 1995; Moslehi et al.,
2000), uterine cancers (Jishi et al., 1995) and leukaemia (Godard et al., 1998). The
significantly elevated risk for breast and ovarian cancer noted among relatives of
ovarian cancer patients is usually greater for ovarian cancer than for breast cancer
(Schildkraut et al., 1989; Vaittinen and Hemminki, 1999). Interestingly, an in-
creased risk of ovarian cancers in the family members of women with borderline
ovarian cancers was not reported (Schildkraut and Thompson, 1988a; Auranen et
al., 1996b). Nevertheless, one study did not show a difference in ovarian cancer
risk among first-degree relatives of 254 patients with invasive ovarian cancer and
61 patients with borderline ovarian tumours (Rader et al., 1998). The inverse
relationship has also been reported, i.e. an increased risk of developing ovarian
cancer that has been associated with family histories of breast, uterine, colon and
pancreatic cancers (Prior and Waterhouse, 1981; Schildkraut and Thompson,
1988b; Parazzini et al., 1992; Tulinius et al., 1994; Kerber and Slattery, 1995; Olsen
et al., 1999).

Several investigators have evaluated the risks associated with more than one
affected relative and showed a substantially increased risk for the relatives, but
with wide confidence intervals (Schildkraut and Thompson, 1988a; Amos et al.,
1992; Easton et al., 1996). A combined analysis of these data estimated the relative
risk of developing ovarian cancer to be 11.7 (95% CI, 5.3-25.9) for these women
(Stratton et al., 1998). Ovarian and breast cancer relative risks were estimated
from the UKCCCR (UK Coordinating Committee for Cancer Research) Familial
Ovarian Cancer Study Group prospective cohort of 316 families with two or more
confirmed cases of epithelial ovarian cancer in first-degree relatives. In contrast to
the prediction of a model based on related data (Antoniou et al., 2000), when the
analyses were restricted to families that were not carrying a BRCA1/2 germline
mutation, the ovarian cancer risk was 11.6 (95% CI, 3.1-29.7) — similar to the risk
estimated for the BRCA1/2-related ovarian cancer families (11.9, 95% CI, 3.8—
27.7) (Sutcliffe et al., 2000). It is important to recognize that there is a possibility
that at least some of these ‘BRCA1/BRCA2-negative’ families do indeed carry
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mutations in BRCAI/BRCA?2 that were not detected by the screening methods
used.

Inherited genetic syndromes and ovarian cancer

Some characteristics of the autosomal dominantly inherited syndromes associated
with an increased risk of developing ovarian cancer are summarized in Table 4.2.
In a population-based series of 450 unselected epithelial ovarian cancers studied in
southern Ontario, Canada, Narod et al. estimated the proportion of hereditary
ovarian cancer in the Ontario population to be 2.9-6.9% of cases of ovarian cancer
(Narod et al., 1994a). From other population-based studies, the fraction of
hereditary ovarian cancer cases has been estimated as between 5% and 13%
(Houlston et al., 1991; Claus et al., 1996; Auranen and Iselius, 1998). The key
feature of hereditary ovarian cancer is the vertical transmission of cancer suscepti-
bility consistent with an autosomal dominantly inherited factor (Lynch and
Lynch, 1992).

Hereditary breast/ovarian cancer

The association between breast and ovarian cancer is well known. Over the last 50
years (Liber, 1950), there have been numerous reports of familial aggregation of
ovarian cancer. In most cases, breast cancer was also present in these pedigrees.
Segregation analysis performed on breast/ovarian cancer families identified by
Lynch et al. led them to conclude that the clustering of breast and ovarian cancer
could result from the inheritance of a single dominant gene (Go et al., 1983). In
1990, evidence was found for linkage of 15 early-onset breast cancer pedigrees to a
single locus on the chromosome 17q21 (Hall et al., 1990). It was subsequently
confirmed in a series of five breast/ovarian cancer families, where three were
linked to the same locus (Narod et al., 1991). After intensive search, the BRCAI
gene was finally identified in 1994 (Miki et al., 1994). In the same year, a second
breast/ovarian cancer susceptibility locus was located on chromosome 13q
(Wooster et al., 1994). The BRCA2 gene was characterized in 1995 (Wooster et al.,
1995). Most early-onset breast/ovarian cancer families are linked to BRCAI
(Easton et al., 1993; Narod et al., 1995; Ford et al., 1998; Frank et al., 1998). In fact,
the presence of ovarian cancer is strongly predictive of BRCA1 germline mutation,
even in small breast/ovarian cancer families (Tonin et al., 1996; Ligtenberg et al.,
1999).

The frequency of BRCA1/2 mutations in the general population is estimated to
be about 1 in 800 for BRCAI and somewhat less for BRCA2, but it can vary
significantly among some ethnic groups or geographical regions. Thus, the preval-
ence of the three BRCA1/2 founder mutations among the Ashkenazim is approxi-
mately 1 in 50 (Struewing et al., 1995a; Oddoux et al., 1996; Roa et al., 1996). The
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Table 4.2. Ovarian cancer as a feature of hereditary genetic syndromes

Percentage Risk of

of ovarian
hereditary  cancer
Gene ovarian byage70  Type of
Syndrome (chromosome) cancer years (%)  ovarian cancer Other clinical features
Hereditary BRCAI(17q) 65 20-50 Epithelial Breast, fallopian
breast/ovarian (serous) tube cancer
cancer BRCA2(13q) 10 10-30 Epithelial Breast, prostate,
(serous) pancreas, head and
neck cancer
Site-specific BRCAI(17q)  10-15 20-50 Epithelial —
ovarian cancer (serous)
Hereditary MLHI1 (3p) 5-10 <10 Epithelial Colorectal,
non-polyposis MSH?2 (2p) endometrial, stomach,
colorectal cancer MSH6 (2p) urinary tract and small
PMSI (2q) bowel cancer
PMS2 (7p)
Peutz—Jeghers STK11 (19p) <1 <5 Sex Mucocutaneous
syndrome cord-stromal melanin spots; GI
tumour with hamartomatous
annular tubules  polyps; adenoma
malignum of uterine
cervix; breast, GI and
pancreas cancer
Cowden disease PTEN (10q) <1 <5? N/S Multiple hamartomas;
neurological signs;
breast and thyroid
cancer
Nevoid basal cell PTCH (9q) <1 <5? Fibrosarcoma, Basal cell
carcinoma carcinoma naevi/carcinoma;
(Gorlin’s) palmoplantar pits;
syndrome skeletal abnormalities;
odontogenic
keratocysts;
medulloblastoma
Multiple ? «1 <52 Juvenile Osteochondromatosis;
enchondromatosis granulosa cell haemangiomata
(Ollier’s disease) tumour
Epidermolytic KRT9(17q) «1 <52 N/S Epidermolytic
palmoplantar hyperkeratosis
keratoderma

GI, gastrointestinal; N/S, not specified.

2No prospective data in the literature.
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Icelandic population carries the founder BRCA2 999del5 mutation at a frequency
of 0.4% (Johannesdottir et al., 1996). The frequency of BRCAI and BRCA2
mutations in unselected series of women with ovarian carcinoma has been extens-
ively studied, particularly in so-called ‘founder populations’. A founder effect can
occur when a relatively small group is genetically isolated from the rest of the
population, because of geographical conditions or religious belief. If an individual
in that isolated population carries a rare genetic alteration, the frequency of this
allele in the next generations could increase in the absence of selection. Specific
BRCA1/2 mutations have been identified in diverse populations, such as in
Ashkenazi Jewish, Icelandic, Swedish, Norwegian, Austrian, Dutch, British,
Belgian, Russian, Hungarian and French-Canadian families (Gayther et al.,
1995; Shattuck-Fidens et al., 1995; Andersen et al., 1996; Johannesdottir
et al., 1996; Johannsson et al., 1996; Wagner et al., 1996; Dorum et al., 1997;
Gayther et al., 1997a; Peelen et al., 1997; Ramus et al., 1997; Shattuck-Eidens
et al., 1997; Tonin et al., 1998). The knowledge of well-characterized founder
mutations in individuals of particular ethnic origins can simplify genetic counsell-
ing and testing, as the initial mutation screening can be limited to specific panels
of mutations.

Three founder mutations (185delAG and 5382insC in BRCAI; 6174delT in
BRCA2) have been identified in the Ashkenazi Jewish families of Eastern European
ancestry (Friedman et al., 1995; Berman et al., 1996; Neuhausen et al., 1996; Tonin
et al., 1996). These mutations are carried by about 2.5% of the Ashkenazi Jewish
population (Struewing et al., 1995a; Oddoux et al., 1996; Roa et al., 1996). These
founder mutations are particularly common in Ashkenazi Jewish women with
ovarian cancer, even without a family history of breast/ovarian cancer. Table 4.3
summarizes the published literature on the prevalence of these mutations in
non-Ashenazi-Jewish women, whereas Table 4.4 includes studies carried out in
Ashkenazim only. From Table 4.3 it can be seen that germline mutations in
BRCA1I and BRCA2 contribute to only a minority of cases of unselected ovarian
carcinoma. Additionally, among otherwise unselected very early onset cases,
mutations have not been observed (Stratton et al., 1999a). These results show that
among women with ovarian cancer, BRCAI and BRCA2 mutations are at least
three times more likely to be found in Ashkenazi Jewish women than in non-
Ashkenazi women.

A different way of looking at the contribution of BRCAI/2 mutations to ovarian
cancer incidence is to estimate the risk of ovarian cancer in known gene carriers.
These data are summarized in Table 4.5. In summary, the point estimate for risk of
ovarian cancer conferred by mutations in BRCA1 varies between 12% and 68% up
to the age of 70 years, and the confidence intervals for all studies are wide. In
addition, virtually all studies show that the incidence of ovarian cancer increases
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Table 4.3. Prevalence of BRCAT and BRCA2 germline mutation in ovarian cancer: population- or

hospital-based studies

Population studied BRCA1/2 screening Results (%, 95% CI) Reference

76 OC BRCA1: SSCA 4/76 (5%, 1.5-13) Matsushima et al., 1995
Japan

115 0C BRCA1: SSCA 7/115 (6%, 2.5-12) Takahashi et al., 1995
USA

50 OC BRCA2: HA, PTT 2/50 (4%, 0.5-14) Foster et al., 1996
Australia, UK, USA

38 OC BRCA2: 999del5 3/38 (8%, 1.7-21) Johannesdottir et al., 1996
Iceland

55 0C BRCA2: SSCA, PTT 0/55 Lancaster et al., 1996
UK, USA

130 OC BRCA2: SSCA 4/130 (3%, 0.8-7) Takahashi et al., 1996
USA

374 OC <70 years BRCAI: HA 13/374 (3.5%, 2—6) Stratton et al., 1997

UK

103 OC

USA

116 OC

USA

25 OC families
The Netherlands
615 0C

Sweden

107 OC

USA

101 OC <30 years
UK

113 0C

French Canadians
116 OC

Japan

90 OC

Hungary

BRCA1I: sequencing

BRCA1I: SSCA

BRCA2: SSCA

BRCAI: PTT +185delAG
BRCA2: PTT

BRCAI: 1675delA
BRCAI: 1135insA
BRCAI: CA

BRCAI: HA
BRCA2: PTT

7 French Canadian
founder mutations?
BRCAI: YSCA

BRCAI: 185delAG,
300T — G, 5382insC

4/103 (4%, 1-10)

10/116 (9%, 4-15)
1/116 (0.9%, 0-5)
9/25 (36%, 18-57)
1/25 (4%, 0.1-20)
13/615 (2%, 1-4)
5/615 (0.8%, 0.3-2)
2/107 (2%, 0.2-7)

0/101
0/101
8/113 (7%, 3-13)

7/116 (6%, 2.5-12)

10/90 (11%, 6-19)

BRCA2: 617delT, 9326insA  0/90

Berchuck et al., 1998
Rubin et al., 1998
Zweemer et al., 1998
Dorum et al., 1999
Janezic et al., 1999
Stratton et al., 1999a
Tonin et al., 1999
Yamashita et al., 1999

Van der Looij et al., 2000

2French Canadian founder mutations: BRCAI — C4446T, 2953del3 + C, 3768insA; BRCA2 — 2816insA,
G6085T, 6503delTT, 8765delAG.
CA, cleavage assay; CI, confidence intervals; HA, heteroduplex assay; SSCA, single-strand conformation

assay; OC, ovarian cancers; PTT, protein truncation test; YSCA, yeast stop codon assay.
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Table 4.4. Prevalence of BRCA1/2 germline mutation in ovarian cancer: studies among Ashkenazi
Jewish (AJ) patients

Population studied BRCA1I/2 screening Results (%, 95% CI) Reference
79 OC BRCAI: 185delAG 15/79 (19%, 11-29) Modan et al., 1996
Israel
310C BRCATI: 185delAG 6/31 (19%, 7-37) Muto et al., 1996
USA
21 0C AJ panel® 185delAG: 7/21 (33%, 15-57) Abeliovich et al., 1997
Israel 5382insC: 0/21

6174delT: 6/21 (29%, 11-52)
29 OC A]J panel? 185delAG: 8/29 (28%, 13-47) Beller et al., 1997
Israel 5382insC: 4/29 (14%, 4-32)

6174delT: 5/29 (17%, 6-36)
220C AJ panel® 185delAG: 5/22 (23%, 8-45) Levy-Lahad et al., 1997
Israel 5382insC: 2/22 (9%, 1-29)

6174delT: 3/22 (14%, 3-35)
59 OC BRCAI: 185delAG 17/59 (29%, 18-42) Gotlieb et al., 1998
Israel BRCA2: 6174delT 2/59 (3%, 0.4-12)
150C A] panel? 185delAG: 1/15(7%, 0.2-32) Hodgson et al., 1999
UK +BRCAI: 188dell1 5382insC: 1/15 (7%, 0.2-32)

6174delT: 1/15 (7%, 0.2-32)
BRCAI: 188dell1: 0/15

320C A]J panel® 185delAG: 8/32 (25%, 11-43) Lu et al., 1999
USA 5382insC: 0/32

6174delT: 6/32 (19%, 7-36)
208 OC AJ panel* + PTT 185delAG: 43/208 (21%, 15-27) Moslehi et al., 2000
North America, 5382insC: 14/208 (7%, 4-11)
Israel 6174delT: 29/208 (14%, 9-19)

2AJ panel: BRCAI — 185delAG, 5382insC; BRCA2 — 6174delT.

strikingly only after the age of 40 years (Ford et al., 1994). Compared with BRCAI,
mutations in BRCA2 may confer a lower risk of ovarian cancer (11%-27%).

Hereditary site-specific ovarian cancer syndrome
A woman with two affected first-degree relatives has a risk of developing ovarian
cancer that is substantially higher than having one affected first-degree relative
(Schildkraut and Thompson, 1988a; Amos et al., 1992; Easton et al., 1996; Stratton
et al., 1998; Sutcliffe et al., 2000). Thus, the occurrence of ovarian cancer in a
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Table 4.5. BRCA1/2 mutation and ovarian cancer penetrance

Population BRCA1/2 Penetrance by age 70-75

studied screening years (%) (95% CI) Reference

33 early-onset BC (<60  BRCAI linkage BRCALI: 44% (28-56) Ford et al., 1994
years) and OC families

33 early-onset BC (<60  BRCAI linkage BRCAI: 63% Easton et al., 1995

years) and OC families
237 early-onset BOC
families

14 A] BOC families

2 BOC families

25 AJ BOC families

5318 A] patients
(population-based)
922 incident OC
(population-based)
412 A] BC patients

(a) 112 families
with > two relatives
with OC, +/— BC
(<60 years)
(b) 374 OC
(<70 years)
191 AJ OC patients (<75
years)

Relatives of 861 A] BC
patients

Linkage or sequencing BRCAI: 42%

Risk estimate for
mutation carrier
relatives

BRCA2 linkage

3 AJ founder
mutations?

3 AJ founder
mutations®
Segregation analysis

3 AJ founder
mutations®
PTT, SSCA,
sequencing

3 AJ founder
mutations?

3 AJ founder
mutations?

BRCA2: 27% (0-47)
BRCA1 185delAG: 41%
BRCA1 5382insC: 0%
BRCA2 6174delT: 30%
BRCA2: 10% (at age 60
years)

BRCA1 (185delAG and
5382insC): 57%
BRCA2 6174delT: 49%
BRCA1/2: 16% (6-28)

BRCAI: 22% (5-60)
BRCA1/2: 12%

BRCAI: 53%
BRCA2: 31%

BRCA1/2: 68% (36-94)

BRCA1 185delAG: 37%
BRCA15382insC: 21%
BRCA2 6174delT: 14%
BRCAI (185delAG and
5382insC): 55% (47-62)
BRCA2 6174delT: 28%
(14-41)

Narod et al., 1995
Ford et al., 1998
Abeliovich et al., 1997

Easton et al., 1997

Levy-Lahad et al., 1997

Struewing et al., 1997
Whittemore et al.,
1997

Warner et al., 1999

Antoniou et al., 2000

Moslehi et al., 2000

The New York Breast
Cancer Study®

2AJ founder mutations: BRCAI — 185delAG, 5382insC; BRCA2 — 6174delT.
Oral communication by M-C King at the American Society of Human Genetics meeting, Philadelphia,

October 3-7, 2000.

AJ, Ashkenazi Jewish; BC, breast cancer; BOC, breast/ovarian cancer; OC, ovarian cancer; PTT, protein

truncation test; SSCA, single-strand conformation analysis; RR, relative risk.
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family with two or more first-degree relatives is likely to be explained by the
inheritance of a mutated gene (Easton et al., 1996; Richards et al., 1999). A family
with three or more cases of invasive epithelial ovarian cancer at any age and no
case of breast cancer diagnosed before age 50 years qualifies as a site-specific
ovarian cancer family (Lynch and Lynch, 1992; Steichen-Gersdorf et al., 1994).
Nearly all site-specific hereditary ovarian cancer is a result of BRCAI, or less
frequently BRCA2, mutations (Steichen-Gersdorf et al., 1994; Shattuck-Eidens et
al., 1995; Liede et al., 1998; Roth et al., 1998; Gayther et al., 1999; Santarosa et al.,
1999; Antoniou et al., 2000). Gayther et al. studied 112 families, identified through
the Familial Ovarian Cancer Register of the UKCCCR, that were characterized by
the presence of at least two first- or second-degree relatives with epithelial ovarian
cancer (Gayther et al., 1999). BRCAI germline mutations were identified in 40
(36%) families and eight (7%) BRCA2 mutations were identified. Antoniou et al.
modelled ovarian cancer using the same set of families (Antoniou et al., 2000).
When a third high-risk ovarian cancer susceptibility gene was allowed for in the
genetic models, none of the models fitted gave significant evidence of a third gene.
The authors concluded that the majority of familial ovarian cancer may be
explained by mutations in BRCAI/2, and families without mutations can be
explained by insensitivity of mutation testing and chance clustering of sporadic
cases. Nevertheless, the existence of other rare or low-risk susceptibility alleles
cannot be excluded at this time.

In summary, hereditary site-specific ovarian cancer syndrome should be con-
sidered as a variant of the hereditary breast/ovarian cancer syndrome, in which
early-onset breast cancer has not yet appeared (Steichen-Gersdorf et al., 1994).
Thus, it is currently prudent to counsel women who belong to families with three
or more cases of ovarian cancer that they are at increased risk of developing breast
cancer (Liede et al., 1998).

Hereditary non-polyposis colorectal cancer syndrome

The hereditary non-polyposis colorectal cancer (HNPCC) is one of the most
common autosomal conditions predisposing to cancer, accounting for 5-8% of all
colorectal cancers. The genetic susceptibility to the disease is transmitted in a
dominant fashion, generally with high penetrance. The diagnosis of HNPCC relies
on the observation of familial clustering of colorectal cancers, meeting a set of
obligate criteria referred to as the ‘Amsterdam criteria’, defined in 1991 (Vasen et
al., 1991). In fact, this syndrome is associated with an increased risk of developing
cancers in several other sites. Colorectal cancers represent about two-thirds of the
malignancies in HNPCC families, whereas up to 40% of the malignancies are
extracolonic cancers of epithelial origin. The second most frequently affected
organ is the endometrium; thereafter, a higher frequency of other target organs
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has been reported, including the stomach, small intestine, upper renal tract and
ovary. It should be noted that mutations in MLHI and MSH2 are rare in ovarian
cancers not selected on the basis of family history of cancer (Rubin et al., 1998).
Ovarian cancer in the context of HNPCC is discussed in detail in Chapter 5.

Other syndromes

Very few cases of ovarian cancer have been reported in association with other
inherited genetic syndromes (Table 4.2). Only two case reports have found clear
germline TP53 mutations in women with ovarian cancer in a strongly familial
setting (Berresen, 1992; Jolly et al., 1994) and ovarian cancer is not considered to
be a feature of the Li—-Fraumeni syndrome (Buller et al., 1995; Kleihues et al., 1997;
Birch et al., 1998). Familial aggregation of ovarian germ-cell cancer has been
reported (Stettner et al., 1999), but must be very rare.

Risk prediction models

Detailed pedigree drawing is an essential step in cancer risk evaluation. Relying on
family history information to identify cases of ovarian cancer in relatives is
permissible (Koch et al., 1989; Douglas et al., 1999). Nevertheless, it is important
to get pathological reports or death certificates to confirm the family history
whenever possible, particularly to adequately evaluate cancer risks and discuss the
option of genetic testing.

Risk estimation models have been developed for breast cancer. These have been
designed to estimate the risk during a given period of follow-up time of develop-
ing the disease, based on the family history (number of breast cancer cases, age of
diagnosis) (Ottman et al., 1983; Anderson and Badzioch, 1985; Claus et al., 1994)
or additional variables (current age, age of menarche, age at first childbirth,
number of breast biopsies) (Gail et al., 1989). However, these statistical models,
based on large population-based epidemiological studies, do not integrate ovarian
cancer diagnosed in relatives and are not appropriate for use in families that
manifest an autosomal dominant pattern of breast cancer cases (Weitzel, 1999).
Tables that do allow one to estimate the probability that an individual or a family
carries a BRCA1/2 mutation have been derived from analyses of genotype—
phenotype correlation among individuals identified as BRCAI/2 carriers (Couch
et al., 1997; Frank et al., 1998). Key clinical factors are age of onset of breast and
ovarian cancer. The recent BRCAPRO computer program uses a Bayesian calcula-
tion to estimate the probability that either a BRCAI or a BRCA2 mutation is
present in a family based on first- and second-degree family history of breast and
ovarian cancer (Parmigiani et al., 1998). Variables include the prevalence of
mutations and age-specific penetrance estimate. BRCAPRO tends to underestim-
ate the likelihood of a BRCA1/2 mutation when only ovarian cancer is present in



57 The clinical genetics of ovarian cancer

the pedigree, particularly if the cases do not occur at a young age. Risk prediction
models are discussed in more detail in Chapter 8.

Clinical, pathological and outcome characteristics of BRCA-related
ovarian cancer

Clinicopathological characteristics of ovarian tumour have been evaluated in
familial aggregation of ovarian cancers or among patients with BRCA1/2 germline
mutation (hereditary ovarian cancer). Few data are available for ovarian cancer
associated with other inherited genetic syndromes and will not be discussed
further here. This whole topic is discussed in detail in Chapter 7.

Age of onset

Early age of onset is often considered to be a hallmark of most of the hereditary
cancers. As discussed above, in some studies the average age of onset for familial or
hereditary ovarian cancer was significantly lower (about 5 years) than that of
ovarian cancer in the general population (Bewtra et al., 1992; Lynch et al., 1993;
Piver et al., 1993a; Muto et al., 1996; Rubin et al., 1996; Zweemer et al., 1998; Boyd
et al., 2000). This significant difference in age of onset has not been found
consistently (Narod et al., 1994a; Chang et al., 1995; Auranen et al., 1997; Stratton
et al., 1997; Johannsson et al., 1998; Gayther et al., 1999; Yamashita et al., 1999).
Interestingly, among BRCA1/2-related ovarian cancer, some evidence suggests an
earlier age of onset restricted to women carrying the BRCAI mutations, but an
older or a similar age of onset for women with BRCA2 mutations (Takahashi et al.,
1996; Levy-Lahad et al., 1997; Tonin et al., 1999; Boyd et al., 2000; Moslehi et al.,
2000).

Histopathological type
Papillary serous adenocarcinoma is the predominant histological type and a lower
proportion of mucinous and borderline tumours were found among familial/
hereditary ovarian cancer cases when compared with sporadic cases (Greggi et al.,
1990; Bewtra et al., 1992; Piver et al., 1993a; Narod et al., 1994a, 1994b; Chang et
al., 1995; Matsushima et al., 1995; Takahashi et al., 1995; Rubin et al., 1996;
Stratton et al., 1997; Takano et al., 1997; Aida et al., 1998; Berchuck et al., 1998;
Pharoah et al., 1999; Sagawa et al., 1999; Tonin et al., 1999). In a study from the
Gilda Radner Familial Ovarian Cancer Registry, the most important difference
between familial and sporadic ovarian cancer was that mucinous adenocar-
cinomas were rarely seen in familial cases (1.4% versus 12.7% in unselected
ovarian cancers from the SEER database) (Piver et al., 1993a). In a hospital-based
series, 83% of patients with familial ovarian cancer and only 49% of matched
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controls had a serous cystadenocarcinoma (P=0.0025) (Chang et al., 1995).
However, the difference in histological subtype distribution between familial/
hereditary ovarian cancers and the sporadic cases has not always been observed
(Auranen et al., 1997; Johannsson et al., 1997; Boyd et al., 2000). For example, in a
large retrospective cohort study of Ashkenazi Jewish women with invasive epi-
thelial ovarian cancer, no differences were noted regarding histological type, grade
and stage between hereditary and sporadic cases (Boyd et al., 2000). However, no
well-differentiated tumours were observed in the BRCA1/2 group and no mucin-
ous subtypes were described. Based on various epidemiological and mutation-
based studies, it appears that the cancer risk to relatives of cases of mucinous
or borderline ovarian tumours is less than for other forms (Schildkraut and
Thompson, 1988a; Piver et al., 1993a; Narod et al., 1994a; Gotlieb et al., 1998; Lu et
al., 1999). In one study, rare granulosa cell tumours were associated with the
highest familial risks of any histological subtype (Kerber and Slattery, 1995). This
finding must be treated with caution, as granulosa cell tumours have only been
associated with the rare, hereditary Peutz—Jeghers syndrome. Familial occurrence
of small-cell ovarian carcinoma has been anecdotally reported (Lamovec et al.,
1995; Longy et al., 1996).

Grade and stage

No difference in grade was found between site-specific familial ovarian cancer or
BRCA1/2-associated ovarian cancer and sporadic ovarian tumours (Buller et al.,
1993; Rubin et al., 1996; Pharoah et al., 1999; Boyd et al., 2000; Moslehi et al.,
2000). Four studies showed significantly more FIGO (Fédération Internationale
de Gynécologie et d’Obstétrique) stages I1I and IV for familial/hereditary ovarian
cases, when compared with a national cancer registry or population controls
(Zweemer et al., 1998; Pharoah et al., 1999; Sagawa et al., 1999; Yamashita et al.,
1999).

Genotype-phenotype associations

Mutations in the 3’ portion of the BRCAI gene (exons 13-24) were initially
associated with a higher frequency of breast cancer relative to ovarian cancer in a
series of 32 European families (Gayther et al., 1995). This observation has not been
confirmed by most larger studies (Phelan et al., 1996; Tonin et al., 1996; Levy-
Lahad et al., 1997; Shattuck-Eidens et al., 1997; Stoppa-Lyonnet et al., 1997; Ford
et al., 1998), although one study provided non-significant evidence in favour of
the original finding (Moslehi et al., 2000). In a series of 25 English breast/ovarian
cancer families, ovarian cancer was more prevalent than breast cancer when
BRCA2 truncating mutations were located in a region of approximately 3.3 kb in
exon 11 (the ovarian cancer cluster region, OCCR, nucleotides 3035-6629).
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Additional data from 45 BRCA2 families ascertained outside the United Kingdom
provided support for this clustering (Gayther et al., 1997b). The analysis of 164
families with BRCA2 mutations, 67 of whom had mutations in the OCCR, has
been reported recently (Thompson et al., 1999). The odds ratio for ovarian versus
breast cancer in families with mutations in the OCCR, relative to non-OCCR
mutations, was 3.9 (P<0.0001), but the association was not seen in the more
recently ascertained families, questioning the true importance of the OCCR. The
OCCR corresponds to the coding region for a sequence of internal repeats in the
BRCA?2 protein that have been shown to interact with the DNA repair protein
RADS51.

Pre-malignant and early invasive lesions

The existence of pre-malignant lesion for epithelial ovarian cancer is uncertain
(Scully, 2000). Careful histopathological analysis of prophylactic oophorectomy
specimens among high-risk women, either because they have been identified as
BRCA1/2 mutation carriers or based on their family history, gave conflicting
results regarding the presence of histological alterations that were susceptible to
evolving into invasive carcinoma (Tobacman et al., 1982; Deligdisch et al., 1999;
Stratton et al., 1999b; Werness et al., 1999; Casey et al., 2000). Interestingly, there
has been a recent report of a tiny carcinoma in situ identified in an otherwise
normal prophylactic oophorectomy specimen from women with a BRCAI muta-
tion (Werness et al., 2000). Carcinoma in situ is very rarely seen in ovarian tissue,
and this finding will prompt extensive re-analysis of available samples.

Peritoneal cancer

The incidence of primary serous carcinoma of the peritoneum among BRCA1/2
carriers, before or after oophorectomy, is not known, but it is likely to be
substantially higher than in the general population. This cancer is indistinguish-
able histologically or macroscopically from ovarian cancer occurring among
BRCA1/2 mutation carriers and represents a major challenge in terms of preven-
tion of cancer in mutation carriers (Tobacman et al., 1982; Piver et al., 1993b;
Struewing et al., 1995b; Salazar et al., 1996; Bandera et al., 1998; Berchuck et al.,
1999; Karlan et al., 1999; Morice et al., 1999). The potential increased risk of
malignant transformation of the entire peritoneal surface is thought to reflect the
common origin of the ovarian epithelium and peritoneum from embryonic
mesoderm. However, the peritoneum on the surface of the ovary may be particu-
larly vulnerable to malignant transformation as a result of repeated injury follow-
ing ovulation and/or high levels of local oestrogen exposure (Fathalla, 1971; Eisen
and Weber, 1998). Preliminary evidence suggests that some peritoneal carcinomas
may arise multifocally, particularly in the context of BRCAI mutations (Schorge et
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al., 1998), and a recent publication provided evidence for a unique molecular
pathogenesis of BRCAI-related papillary serous carcinoma of the peritoneum
(Schorge et al., 2000).

The natural history of BRCA1/2-related ovarian cancer

Fifty-three ovarian carcinoma patients with germline BRCAI mutations were
enrolled into a study to determine the clinicopathological features of BRCAI-
related hereditary ovarian carcinoma (Rubin et al., 1996). Forty-three (81%) were
serous adenocarcinomas, and 38 (72%) were stage III at presentation. The actuar-
ial median survival for the 43 cases with advanced-stage disease was 77 months,
compared with 29 months for the age, stage and histological type-matched control
group who were believed not to have mutations in BRCAI on the basis of family
history (P<0.001). This good prognosis was attributed partly to the relative youth
of the patients (mean age 48 years) but was also thought to be directly related to
the presence of a BRCAI mutation. This study was criticized on methodological
grounds, but a second study from the senior author using a historical cohort
approach (which is not susceptible to ascertainment bias) gave similar results
(Boyd et al., 2000). Interestingly, the better survival in hereditary cases was
particularly noted for those women receiving platinum-containing chemotherapy.
A Japanese study also found a better outcome for hereditary ovarian cancer (Aida
et al., 1998), although this study is open to criticism on the grounds of ascertain-
ment bias. Moreover, data from the population-based US SEER program gave
indirect support to an improved ovarian cancer survival in potential BRCAI/2
mutation carriers (McGuire et al, 2000). The 824 women from the SEER series
with ovarian cancer and a previous history of breast cancer had a significantly
better survival compared with women without such a history, even after adjust-
ment for age and stage at ovarian cancer diagnosis. It has been previously
estimated that up to 88% of women with both breast and ovarian cancer are
BRCA1I mutation carriers (Frank et al., 1998).

In contrast, four other studies found that the survival after hereditary ovarian
carcinoma did not differ from its sporadic counterpart. In a briefly described
Canadian study (Brunet et al., 1997) among 44 women from BRCAI-positive
families who were diagnosed with ovarian carcinoma, the actuarial median sur-
vival was 2.6 years, and the 5-year survival was 32.6%, a figure similar to that
observed in the control groups of two previous studies (Aida et al., 1998; Johan-
nsson et al., 1998). The Swedish group did not find a difference in outcome
between 38 BRCAI-related cases and 97 apparently sporadic cases (Johannsson et
al., 1998). The BRCAI-associated ovarian cancer patients were matched for age,
stage of the disease and year of diagnosis. A study from the UK also found that the
overall survival for BRCAI-related ovarian cancer was 21%, for BRCA2-related
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ovarian cancer it was 25%, and for those with no identified mutation it was 19%
(P=0.91) (Pharoah et al., 1999). Interestingly, when all familial cases were
combined (whether or not a mutation was either identified or looked for), the
survival was significantly worse for familial cases compared with non-familial
cases. The authors did not control for stage, as previous studies had done. It is
debatable whether controlling for stage is appropriate, as if BRCAI/2-related
tumours are per se more likely to present with late-stage disease then controlling
for this will remove an effect that is specifically due to the presence of the
mutation. Indeed, when the authors did control for stage the worse survival
observed for familial cases disappeared. Finally, Lee et al. compared ovarian cancer
survival among 10 first-degree relatives of Ashkenazi Jewish BRCAI or BRCA2
mutation carriers with that of 116 ovarian cancer patients who were first-degree
relatives of Ashkenazi Jewish BRCA1/2 non-carriers (Lee et al., 1999). They found
no difference in survival in these groups of relatives.

Conclusion

The prevention of hereditary ovarian cancer is one of the great challenges of
clinical cancer genetics. It is important to identify individuals at risk of ovarian
cancer for whom genetic testing may be informative. This can be most easily
achieved by establishing an extensive verified family history. Based on an accurate
personal and family history of cancer, including ethnicity and pathological confir-
mation of the cancer cases, empirical cancer risk estimates and mathematical
models can usually adequately assess the ovarian cancer risk and the probability of
a germline alteration in cancer susceptibility genes implicated in hereditary ovar-
ian cancer. Ovarian cancer genetic susceptibility testing is now widely available
under both clinical and research protocols. However, because the benefits of
genetic testing remain hypothetical, women should receive adequate counselling
explaining the postulated risks and benefits of the genetic testing, including the
ethical, legal and social implications of this type of analysis.
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Introduction

Colorectal cancer is a common disease of Western populations. In the Netherlands
(population: 15 million), 8000 new cases were diagnosed in 1996. In 5-10% of all
colorectal cancer cases, genetic factors play a significant role. Two main groups of
the hereditary form of colorectal cancer are commonly distinguished: polyposis
types with multiple colorectal polyps, and non-polyposis types without multiple
polyps. Non-polyposis colorectal cancer can be sub-classified into hereditary
non-polyposis colorectal cancer (HNPCC), characterized by early-onset colorectal
cancer and endometrial cancer, and families with clustering of colorectal cancer at
an advanced age. Within the polyposis types, a further distinction is made between
adenomatous, hamartomatous and hyperplastic polyposis, and polyposis with
mixed pathology (Vasen, 2000).

During the last decade, great progress has been made in molecular genetics. The
genes responsible for most of the inherited forms of colorectal cancer have been
identified, and DNA testing has been implemented in clinical practice on a large
scale. The identification of people at high risk of cancer is important as preventive
measures may be taken in such cases, which may lead to a reduction in the
cancer-related mortality.

Decisions on the protocol of surveillance recommended in the various forms of
hereditary cancers are made on the basis of the level of risk of developing a specific
cancer and the availability of sensitive and specific screening tests.

In this chapter we will address the question as to whether relatives from
HNPCC families or families with other hereditary colorectal cancer syndromes
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have an increased risk of developing ovarian and/or breast cancer, and whether
these family members need surveillance of these organs.

Hereditary non-polyposis colorectal cancer

Genetic basis

Hereditary non-polyposis colorectal cancer (HNPCC) is an autosomal dominant
disorder associated with germline mutations in five mismatch repair genes: MSH2,
MLH]I, PMSI1, PMS2 and MSH6 (Lynch and de la Chapelle, 1999). The protein
products of HNPCC genes are key players in the correction of mismatches that
arise during DNA replication. Mismatch repair (MMR) deficiency gives rise to
microsatellite instability (MSI). MSI results from repetitive non-coding DNA
sequences of unknown function found throughout the genome. Loss of MMR
function may also result in mutations in the coding regions of genes involved in
tumour initiation and progression, e.g. APC, KRAS, TP53 and TGFbRIL

Clinical features
The so-called ‘Amsterdam criteria’ are often used to make a clinical diagnosis of
HNPCC. According to the classical Amsterdam criteria (Amsterdam criteria I),
there should be at least three relatives with colorectal cancer, one relative should
be a first-degree relative of the other two, at least two successive generations
should be affected, at least one of the cancers should be diagnosed before the age of
50 years, and familial adenomatous polyposis should be excluded in the patient(s)
with colorectal cancer. Because many studies have provided evidence that several
other extracolonic cancers are also associated with HNPCC, a new set of criteria
(the Amsterdam criteria II) has been proposed, which includes these cancers
(Table 5.1) (Vasen et al., 1999). In 50% of the families that meet these clinical
criteria, a pathogenic mutation in one of the MMR genes can be detected.
Predisposed individuals from HNPCC families have a high lifetime risk of
developing colorectal cancer (60-85%) and endometrial cancer (40-50%).
Colorectal cancer is often diagnosed at an early age (mean age 45 years), is
multiple in 35% of the cases, and is located in the proximal part of the colon in
two-thirds of the cases (Vasen, 2000). Several studies have shown a better prog-
nosis of patients with HNPCC-related colorectal cancer compared with non-
hereditary colorectal cancer (Sankila et al., 1996). Also, other cancers are fre-
quently observed in HNPCC, including cancer of the urinary tract (renal pelvis
and ureter), small bowel, brain, skin (sebaceous tumours) and stomach.
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Table 5.1. Classic ICG-HNPCC criteria

Amsterdam criteria I
There should be at least three relatives with colorectal cancer (CRC) and all of the following
criteria should be present:

(1) one should be a first-degree relative of the other two;

(2) at least two successive generations should be affected;

(3) at least one case should be diagnosed before the age of 50 years;

(4) familial adenomatous polyposis should be excluded;

(5) tumours should be verified by pathological examination.

Amsterdam criteria II
There should be at least three relatives with an HNPCC-associated cancer (CRC, or cancer of
the endometrium, small bowel, ureter or renal pelvis) and all of the following criteria should
be present:

(1) one should be a first-degree relative of the other two;

(2) at least two successive generations should be affected;

(3) at least one case should be diagnosed before the age of 50 years;

(4) familial adenomatous polyposis should be excluded in any CRC case(s);

(5) tumours should be verified by pathological examination.

Do ovarian and breast cancer belong to the tumour spectrum of HNPCC?

Watson and Lynch (1993) evaluated the frequency of cancer in 1300 high-risk
members of 23 extended kindreds with HNPCC. They reported 13 cases of ovarian
cancers (mean age at diagnosis: 40 years) in these families, while 3.6 were expected
on the basis of the general population incidence (observed/expected ratio: 3.5,
P<0.001). Vasen compared the risk of developing ovarian cancer between carriers
of an MLHI mutation (n=124) and carriers of an MSH2 mutation (n=86)
(Vasen et al., 1996). He reported relative risks of 6.35 (95% CI: 0.89—45.1) and 7.97
(95% CI: 1.1-56.6) for MLHI and MSH2 mutation carriers, respectively. Aarnio
assessed the incidence of cancer in a large series of mutation carriers (predom-
inantly MLHI mutations) (n=360; 183 women, 177 men) known at the Finnish
HNPCC registry (Aarnio et al., 1999). He reported a standardized incidence ratio
(SIR) for ovarian cancer of 13 (95% CI: 5.3-25) and a cumulative ovarian cancer
incidence of 12% by age 70 years. In conclusion, several studies indicated that
ovarian cancer is part of the tumour spectrum of HNPCC.

There is no agreement on whether breast cancer belongs to the tumour spec-
trum of HNPCC. Watson and Lynch (1993) reported 19 cases of breast cancer
(mean age 51 years) in 23 HNPCC families (observed/expected ratio: 0.9, NS).
Risinger performed molecular genetic studies in five cases of breast cancer from
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HNPCC families, one with an identified mutation in MLH]I (Risinger et al., 1996).
In three out of the five tumours, widespread MSI was observed, and in the family
with the known mutation, expression of only the mutant allele was observed in the
breast cancer tissue. Aarnio reported a SIR for breast cancer in 183 mutation
carriers of 1.4 (95% CI: 0.4-3.7) (Aarnio et al., 1999). Boyd described a male
member of a large HNPCC family affected by breast and colorectal cancer (Boyd et
al., 1999). This patient was found to harbour a germline mutation of the MLH]1
gene, and the breast tumour exhibited reduction to homozygosity for the MLH1
mutation and MSI. Recently, Scott et al. evaluated the cancer incidence in 34
HNPCC families with a known mutation (12 with an MSH2 mutation and 22 with
an MLHI mutation) and in 61 HNPCC families without a mutation (Scott et al.,
2001). Breast cancer was not over-represented in the MSH2-mutation-positive
group (SIR 2.02; 95% CI: 0.3-12.7), but it was over-represented in both the
MLHI-mutation-positive group (SIR 14.77; 95% CI: 6.2-35) and in the mutation-
negative group, which was a highly significant difference. The SIR of breast cancer
in the mutation-negative group was similar to that observed in the MLHI-
mutation-positive group.

Recent data from the Dutch HNPCC registry

Currently, almost 200 families suspected of HNPCC are known at the Dutch
registry, 138 of which meet the Amsterdam criteria or harbour an MMR gene
germline mutation. In 79 families, a germline mutation has been detected: 34
mutations in MLHI, 40 in MSH2 and 5 in MSH6. In these families, 24 cases of
ovarian cancer were observed: 6 in families associated with an MLHI mutation, 13
in families with an MSH2 mutation, none in the families with an MSH6 mutation,
and 5 in the families without an identified mutation. The mean age at diagnosis of
ovarian cancer was 46 years (range: 19-75 years). The distribution of the ages at
diagnosis is shown in Figure 5.1. The cumulative risk of developing ovarian cancer
was higher in the MSH2 mutation carriers (10.4%) than in the MLHI mutation
carriers (3.4%).

A total of 34 cases of breast cancer were identified in the 138 families — 7 in
families associated with an MLHI mutation and 12 in families with an MSH2
mutation. The mean age at diagnosis of breast cancer was 50.6 years (range: 2674
years). The distribution of the ages at diagnosis is depicted in Figure 5.2. The risk
of developing breast cancer was equal to the risk in the general population in the
Netherlands.
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Breast and ovarian cancer in other hereditary colorectal cancer syndromes

Cancer of the breast and ovaries has also been observed in two hereditary
colorectal cancer syndromes associated with hamartomatous polyposis, i.e. the
Peutz—Jeghers syndrome and Cowden syndrome.

Peutz-Jeghers syndrome

Peutz—Jeghers (PJ) syndrome is characterized by hamartomatous polyps in the
small bowel and pigmented macules of the buccal mucosa and lips (Vasen, 2000).
The syndrome is caused by germline mutations in STKI11/LKBI, a serine—
threonine kinase located on chromosome 19. The PJ syndrome is associated with
an increased risk of developing cancer. The most frequently occurring cancers are
cancer of the colon and breast. A retrospective study for determining cancer risk in
PJ families assigned a relative risk (RR) for breast cancer or gynaecological cancer
of 20.3 (Boardman et al., 2001). The mean age at diagnosis of breast cancer was 39
years. Recently, Giardello and others performed an individual patient meta-
analysis to determine the relative risk (RR) of cancer in patients with PJ syndrome
compared with the general population based on 210 individuals described in six
publications (Giardiello et al., 2000). The RR for breast cancer was 15.2 (95% CI:
7.6—27) and the RR for ovarian cancer was 27 (95% CI: 7.3-68). The absolute risks
of developing breast and ovarian cancer by the age of 64 years were 54% and 21%
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respectively, which is comparable with families that carry a mutation in BRCA1
and BRCA2.

In spite of the early onset of breast and ovarian cancer that can be seen in
patients with the PJ syndrome, mutations in STK11/LKBI do not appear to play a
role in sporadic breast cancer, based on the very low prevalence of mutations in
the populations.

Cowden syndrome

Cowden syndrome is a rare autosomal predisposition characterized by multiple
hamartomas and a high risk of breast, thyroid and, perhaps, other cancers (Eng,
2000). These hamartomas can arise in tissues derived from all three embryogenic
germ-cell layers. The cardinal features of this syndrome include trichilemmomas,
which are hamartomas of the infundibulum of the hair follicle, and mu-
cocutaneous papillomatous papules. Breast cancer develops in 20-30% of female
carriers. Other tumours seen among patients with Cowden syndrome include:
adenomas and follicular cell carcinomas of the thyroid; polyps and adenocar-
cinomas of the gastrointestinal tract; and ovarian cysts and carcinoma. Cowden
syndrome is caused by germline mutations in the PTEN gene.

Surveillance recommendations

In conclusion, several studies reported a substantially increased risk of developing
ovarian cancer both in PJ syndrome and in HNPCC. Surveillance of the ovaries
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might lead to an earlier diagnosis and improvement of the prognosis. The protocol
that is usually recommended comprises annual gynaecological examination,
transvaginal ultrasound and estimation of CA125. Because the effectiveness of this
protocol is uncertain, bilateral salpingo-oophorectomy is recommended in muta-
tion carriers with a complete family. As almost all ovarian cancers observed in P]
syndrome and HNPCC were diagnosed in patients who were more than 30 years
of age, the surveillance programme might start from this age.

There is also consensus that female members from families with PJ syndrome
and Cowden syndrome have an increased risk of developing breast cancer. The
surveillance protocol that is usually recommended in high-risk families includes
annual mammography, biannual palpation of the breasts by a physician and
monthly self-breast examination. As most studies do not indicate that breast
cancer is part of the tumour spectrum of HNPCC, surveillance of the breasts
appears not to be justified. On the other hand, clinicians managing HNPCC
patients should always be alert when the patient exhibits unusual symptoms.
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Summary

Determining the outcome following hereditary breast cancer is one of the key
questions in clinical breast cancer genetics. There is increasing evidence that
BRCA1I- and BRCAZ2-related breast cancers are distinguishable from non-hered-
itary breast cancers: hereditary cancers demonstrate gene expression profiles and
somatic genetic changes that are distinct from those seen in sporadic breast
cancers and feature histopathological and immunohistochemical characteristics
usually associated with a worse prognosis. Despite these findings, conflicting data
exist as to whether the prognosis of hereditary breast cancer differs from that of
sporadic cases. Some of the discrepancies may be explained by methodological
differences or biases. However, no mutation-based studies have shown a survival
advantage for BRCAI/2 mutation carriers and several unrelated studies have
recently found that the presence of a BRCA1/2 mutation was an independent poor
prognostic factor. Regarding the risk of further or recurrent breast cancer, it is
established that the risk of contralateral breast cancer is significantly increased in
breast cancer patients harbouring BRCA1/2 germline mutations, but surprisingly,
during the first 5 years after diagnosis, an increase in the rate of ipsilateral breast
recurrences has not been found. These data suggest that radiation may protect
against, or at least delay, ipsilateral recurrences.

Introduction

81

Up to five per cent of breast cancer cases are hereditary and germline mutations in
the breast cancer predisposing genes BRCA1 and BRCA2 may account for 65-80%
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of the hereditary cases (Ford et al., 1998; Rahman and Stratton, 1998). It is unclear
whether the prognosis of hereditary breast cancer differs from that of sporadic
cases. In hereditary non-polyposis colorectal cancer, patients with constitutional
mutations in the MLHI or MSH2 genes have been found to have a better
prognosis than those without mutations (Sankila et al., 1996; Watson et al., 1998).
Whether or not the same survival advantage is true for hereditary breast cancer is
unclear.

Compared with its sporadic counterpart, distinct somatic genetic changes have
been reported in hereditary breast cancer (Tirkkonen et al., 1997) and a recent
study showed that gene-expression profiles are significantly different between
both BRCAI- and BRCA2-related breast cancers and sporadic cases (Hedenfalk et
al., 2001). Somatic mutations in BRCAI or BRCA2 are extremely rare in sporadic
breast cancer, supporting the hypothesis of a different carcinogenic mechanism in
hereditary cases (Futreal et al., 1994). However, an extensive immunohistochemi-
cal study showed that most (non-hereditary) grade III breast cancers expressed
low levels of BRCA1 (Wilson et al., 1999), suggesting an important role for BRCAI
in most aggressive breast cancer, irrespective of the presence of a germline
mutation. Pathological features also suggest that there are underlying differences
in hereditary breast cancer compared with sporadic cases (see Chapter 7). For
example, BRCA I-associated tumours are more often poorly differentiated, highly
proliferating tumours, with a high frequency of oestrogen receptor negativity, and
a higher rate of p53 mutations (Chappuis et al., 2000a; Phillips, 2000). Neverthe-
less, BRCAI-associated tumours also demonstrate intratumoural infiltrating lym-
phocytes, an increased proportion of medullary histological type, less frequent
node involvement and a relatively low HER2/erb-b2/neu over-expression (Lak-
hani et al., 1997; Chappuis et al., 2000a). Similarly, cancers associated with BRCA2
mutations exhibit significant differences when compared with age-matched spor-
adic cases, such as a reduction in tubule formation, a higher proportion of
continuous pushing margins and a lower mitotic count (Lakhani et al., 1998).

Evaluation of the risks of development of ipsi- and contralateral breast cancers
and survival rates may reveal further information on the biological differences
between hereditary and sporadic tumours. Survival information is essential for
decision-making regarding preventive and therapeutic strategies and thus for
counselling women at increased risk of breast cancer.

Studies that examine differences in outcome between hereditary and sporadic
cases of breast cancer can be grouped into three study categories: family-history-
based, linkage-based and mutation-based. Family-history-based studies were par-
ticularly useful prior to the localization of the BRCA1and BRCAZ2 genes. However,
the definition of hereditary breast cancer has not been clearly established. More-
over, not all women with a family history of breast cancer have BRCAI/2 muta-
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tions, and not all BRCA/2 affected carriers have a family history of breast cancer.
It is known that familial clustering of postmenopausal breast cancer occurs, which
has not been attributed to a genetic syndrome. Therefore, studies based on family
history have the disadvantage of grouping true hereditary cases with those of
familial clustering. Family-history-based studies have been previously reviewed
(Chappuis et al., 1999) and will not be discussed further.

This chapter offers a review of the literature in an attempt to answer the
question of whether BRCAI/2 status — established either by linkage or by muta-
tion-based studies — influences the risk of ipsilateral recurrence, contralateral new
primary breast cancer and, ultimately, distant recurrence and death following
breast cancer.

Ipsi- and contralateral breast cancer recurrences

Lumpectomy followed by radiation therapy, i.e. the conservative management of
breast cancer, has been accepted as a standard of care for the majority of women
with early breast cancer. Long-term follow-up data have consistently shown a risk
of ipsilateral breast tumour recurrence (IBTR) of 0.5-2% per year (Recht et al.,
1988; Fourquet et al., 1989; Kurtz et al., 1989; Fisher et al., 1991; Veronesi et al.,
1995), but breast cancer survival was not significantly affected by IBTR when
compared with patients undergoing a radical mastectomy (Haffty et al., 1991a;
Fisher et al., 1995; Jacobson et al., 1995; Veronesi et al., 1995; Winchester et al.,
1997). Early age of onset is associated with an increased risk of IBTR (Schnitt et al.,
1984; Haffty et al., 1991b; de la Rochefordiére et al., 1993), but an association was
not consistently found when the patient reported a positive family history of
breast cancer (Chabner et al., 1998; Harrold et al., 1998). Young age at primary
breast cancer diagnosis, a family history of breast cancer, lobular histology type
and radiation exposure at an early age are risk factors classically associated with
the development of contralateral breast cancer (Dawson et al., 1998; Chen et al.,
1999; Neugut et al., 1999). Although one large case-control study (Boice et al.,
1992) found a slight increase (RR =1.6) in contralateral breast cancer risk asso-
ciated with radiotherapy in young women (<45 years), most studies, including
large randomized trials, that have evaluated adjuvant radiotherapy after breast
conservative surgery for invasive or non-invasive breast carcinoma have not
shown a significant increase in the number of contralateral cancers (Hankey et al.,
1983; Fisher et al., 1985; Bernstein et al., 1992; Storm et al., 1992; Veronesi et al.,
1994; Jacobson et al., 1995; Arriagada et al., 1996; Fisher et al., 1998a; Chen et al.,
1999). Of note, the majority of the patients reported by Boice et al. were treated
before 1960 with techniques and equipment that are no longer in use.

Studies that have evaluated the ipsi- and contralateral breast cancer recurrences
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among the patients either linked to BRCAI or BRCA2 or identified as BRCAI/2
germline mutation carriers are summarized in Tables 6.1 and 6.2, respectively. As
expected, as all mammary cells are carrying a mutated BRCAI or BRCA2 allele, a
statistically significant excess of contralateral breast cancers has been noted in all
studies. Unexpectedly, this has not been the case for ipsilateral breast cancer. A
systematic evaluation of chest wall relapse rates after mastectomy has not been
performed among patients with BRCA1/2 mutations and all studies reported here
have not discriminated between true local recurrence or new primary tumour
(Smith et al., 2000) and counted recurrences and new primaries altogether. In
spite of that, none of the studies showed an excess of ipsilateral recurrences. Only
five groups have concomitantly evaluated the risk of IBTR and contralateral breast
cancers in their series of BRCA1/2 mutation carriers and non-carrier patients
(Verhoog et al., 1998; Robson et al., 1999; Chappuis et al., 2000b; Pierce et al.,
2000; Stoppa-Lyonnet et al., 2000). By combining data from two similarly design-
ed historical cohorts, we determined the number of ipsi- and contralateral breast
cancers found among 466 consecutive women who were diagnosed with primary
invasive breast cancer at Memorial Sloan-Kettering Cancer Center, New York, and
SMBD-Jewish General Hospital, Montreal (Foulkes et al., 2000a). All of these
patients underwent conservative surgery plus adjuvant radiotherapy between 1980
and 1995 and were followed up for a median of nearly 9 years. All women were
Ashkenazi Jewish and all were tested for the three common founder mutations:
185delAG and 5382insC in BRCAI and 6174delT in BRCA2. A total of 54
mutations were identified: 42 in BRCAI and 12 in BRCA2. There was no excess of
ipsilateral breast cancer observed among mutation carriers, compared with non-
carriers (hazard ratio, HR, 1.4; 95% CI 0.5-3.7; P=0.48), whereas the risk for
contralateral breast cancer was markedly elevated (HR 4.7; 95% CI 2.0-9.1;
P=0.0003). Of note, in the Offit and colleagues’ study (Robson et al., 1999), the
probability of IBTR was 22% at 10 years among Ashkenazi Jewish BRCA1/2
mutation carriers compared with 7% among the non-carriers. This difference was
not significant (P=0.25). Moreover, only five events were recorded among 35
BRCA1/2 mutation carriers. In a retrospective cohort of 71 women with a BRCAI/
2mutation and stage I and II breast cancer treated with breast-conserving therapy,
there was no significant difference in rates of IBTR compared with matched
sporadic controls after a median follow-up time of 5 years (Pierce et al., 2000).
Interestingly, the median time to local recurrence was 8.2 years for the three
patients in the genetic cohort compared with 3.1 years for the sporadic cohort.
Turner et al. screened a cohort of 52 conservatively treated patients with IBTR for
germline BRCA1/2 mutations and a matched control group without IBTR (Turner
etal, 1999). BRCAI/2 mutations were significantly more frequent in the group of
early-onset (<40 years) breast cancer patients who experienced IBTR (P<0.03).
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Again, in this study, the median time to IBTR for patients with BRCA1/2 muta-
tions was nearly 8 years — significantly longer than for patients without BRCA1/2
mutations (4.7 years; P=0.03). Clinico-histopathological data suggested that late
IBTRs were in fact second primary tumours and not true recurrences. All patients
carrying BRCAI/2 mutations underwent successful surgical salvage treatment
(mastectomy) at the time of IBTR and were alive without relapse after a median
follow-up time of 7.7 years after breast relapse. The design of this later study did
not address the question of a higher likelihood of local recurrences associated with
BRCA1/2 mutations, but its findings suggest that there is no increase in early
recurrences in patients with BRCAI/2 mutations.

Under the assumption that new primary cancers should occur at the same
frequency in either breast, these data are consistent with the hypothesis that
radiotherapy reduces cancer incidence in the treated breast, or significantly delays
the appearance of emerging cancers. Prospective studies with long follow-up will
be required to confirm the hypothesis of an increased likelihood of late IBTR in
BRCA1/2 mutation carriers after lumpectomy and radiation therapy. A less
compelling alternate hypothesis — that radiation scatter may contribute to an
increase in contralateral cancers — has also been suggested (Bennett, 1999; Robson
et al., 1999). In fact, concern has been expressed that exposure to diagnostic or
therapeutic radiation might be hazardous for women who carry BRCA1 or BRCA2
mutations (Chakraborty et al., 1998; Bennett, 1999; Formenti et al., 2000). BRCA1
and BRCA2 are involved in the repair of DNA damage of the type that is induced
by ionizing radiation, and it is feared that x-rays will be mutagenic and will
increase the breast cancer risk. The capability of BRCAI heterozygous cells to
repair double-strand DNA breaks is impaired, relative to BRCAI wild-type cell-
lines (Foray et al., 1999). Similarly, mammalian cells lacking functional BRCA1 or
BRCA?2 are hypersensitive to agents that cause oxidative DNA damage or double-
strand DNA breaks (Connor et al., 1997; Sharan et al., 1997; Abbott et al., 1998;
Chen et al., 1998; Gowen et al., 1998; Morimatsu et al., 1998). Exposing cell-lines
that carry BRCAI or BRCA2 mutations to gamma radiation reduces their survival.
One interpretation of these data is that the BRCAI or BRCA2 mutation renders the
breast cells particularly radiation-sensitive, which results in increased cell death.
Therefore, it is possible that those breast cancers that develop in BRCAI/2
mutation carriers will be particularly sensitive to the effects of radiotherapy.
Verhoog et al. reported a rate of contralateral breast cancers of 19% at 5 years in a
series of 49 patients with BRCA I-related breast cancers (Verhoog et al., 1998) and
of 12% among 28 breast cancer patients with BRCA2 mutations (Verhoog et al.,
1999) — a similar rate of contralateral breast cancer seen in the study by Weber and
colleagues (Pierce et al., 2000). Two-thirds of the patients in Verhoog et al.’s
studies were treated with mastectomy; thus these data do not suggest an increased



91

The natural history of hereditary breast cancer

rate of second cancers in the opposite breast that is attributable to scatter
radiation. Moreover, radiotherapy in BRCAI and BRCA2 mutation carriers is not
associated with an excess of acute or chronic radiation-induced toxicities (Gaffney
et al., 1998; Leong et al., 2000; Pierce et al., 2000).

Regarding the implications of these data for breast cancer screening, Brekel-
mans et al. reported the first evaluation of a breast cancer surveillance programme
among a series of 128 BRCAI/2 mutation carriers (Brekelmans et al., 2001).
Effectiveness of physical examination every 6 months and yearly mammography
was evaluated and compared with 449 moderate women and 621 high-risk
women. Within a median follow-up of 3 years, the highest cancer detection rates
and observed/expected ratio were observed among the BRCA1/2 mutation carriers
(n=9 cases; ratio observed/expected: 23.7), but the cancers were not diagnosed at
a particularly early stage (five cases were axillary nodes positive). Even more
worrying, five cases were in fact interval cancers, giving the worse sensitivity (56%)
of the screening among the BRCA1/2 mutation carriers. These preliminary data
could be interpreted as indicating the need for a more intensive screening scheme
or the development of new approaches. For example, the effectiveness of magnetic
resonance imaging in the early detection of breast cancer in high-risk women
could be of great interest (Kuhl et al., 2000).

Following the publication of the results of the National Surgical Adjuvant
Breast and Bowel (NSABP) P1 trial, which showed a significant reduction of
invasive (P<0.0001) and non-invasive (P<0.002) breast cancer among the pa-
tients taking tamoxifen as a preventive agent (Fisher et al., 1998b), the question of
the efficiency of tamoxifen as a chemopreventive drug in the BRCAI/2 mutation
carrier group became crucial. To date, a single case-control study evaluating the
protection against contralateral breast cancer in BRCAI/2 mutation carriers has
been published (Narod et al., 2000). Tamoxifen use was associated with a statisti-
cally significant reduction (odds ratio, OR, 0.5; 95% CI 0.3-0.9) in contralateral
breast cancer. The protective effect of tamoxifen increased with duration of
tamoxifen use by up to 4 years. Interestingly, an even stronger and long-lasting
protective effect of oophorectomy (OR 0.4; 95% CI 0.2-0.8) was noted. A similar
risk reduction of primary breast cancer after prophylactic oophorectomy among
BRCA1I mutation carriers has been previously published (Rebbeck et al., 1999).
Moreover, the effects of tamoxifen and oophorectomy in reducing the risk of
contralateral breast cancer were independent (Narod et al., 2000). Despite the
absence of studies that have evaluated tamoxifen as a preventive agent of primary
breast cancer among BRCA1/2 mutation carriers, it seems reasonable to speculate
that tamoxifen will also reduce the occurrence of primary cancers in BRCAI
and/or BRCA2 mutation carriers. Based on the oestrogen receptor status of
primary breast cancers in BRCAI and BRCA2 mutation carriers, one would



92

P. O. Chappuis et al.

predict that tamoxifen will be effective in preventing BRCA2-, but not BRCAI-,
related breast cancer.

In summary, breast conservative surgery associated with radiation is an accept-
able option of treatment for patients who harbour BRCAI or BRCA2 germline
mutations. There are currently no definitive data, particularly from prospective
studies, that demonstrate a significant increase in IBTR rates among these patients
when compared with sporadic breast cancer patients. The best way to explain
these data is that therapeutic radiation in BRCAI or BRCA2 mutation carriers
reduces (or delays) the incidence of new cancers in the treated breast. Further
observational studies to validate this hypothesis are now underway. Environmen-
tal and genetic factors that may modulate the risk of developing a second primary
breast cancer (and a fortiori the first one) among BRCAI/2 mutation carriers are
also under investigation (Narod et al., 1995a; Gershoni-Baruch et al., 2000b).

Linkage-based studies and survival

In two of the three linkage-based studies (Table 6.3), BRCAI-linked cases were
found to have a better prognosis than controls (Porter et al., 1994; Marcus et al.,
1996). In the first study, 35 breast cancer patients from eight BRCAI-linked
families had an 83% 5-year survival (Porter et al., 1994). The survival for age-
matched controls was 61%. Similarly, Lynch and colleagues reported a 5-year
survival of 67% in BRCAI-linked cases and 63% in the BRCA2/other gene-linked
group, compared with 59% in controls (Marcus et al., 1996). However, after
correcting for age and stage, the adjusted crude death HR for BRCAI- and
BRCA2/other gene-linked cases was 1.7 (P=0.12) and 1.4 (P=0.18), respectively.
The third linkage-based study examined 42 BRCA2-linked breast cancer patients
from five families in Iceland (Sigurdsson et al., 1996). The 10-year overall survival
was 45% in cases, compared with 65% in controls (P<0.05). No data are yet
available regarding the survival rate for the patients linked to the putative breast
cancer susceptibility locus identified on 13q21 (Kainu et al., 2000).

The interpretation of linkage-based studies is problematic. There are sources of
bias inherent in the study design, and additional confounders exist in each study.
In the study by Porter et al. (1994), differences in stage were not taken into
account. Secondly, cases and controls were not matched for date of diagnosis,
cases being diagnosed from 1942 to 1992, while controls were diagnosed from
1971 to 1973. As such, treatment may have differed. In support of this possibility,
the 5-year survival rate in the control group was 59%, which is lower than one
would expect now. Also, four families in the study had a probability of linkage of
less than 95%. A sporadic early-onset breast cancer case in a family investigated by
linkage analysis can result in a negative lod score. In fact, some families with
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negative lod scores at the BRCAI locus actually do carry a BRCAI germline
mutation (Narod et al., 1995b). In the study of Marcus et al. (1996), only 51% of
cases were evaluated for survival and they were diagnosed at a younger age than
were controls (average age of 42.8 years in cases versus 62.9 years in controls). In
addition, there were more stage I and II tumours in the linked groups. It is
therefore of interest that, after adjusting for age and stage, there was a non-
significant trend towards worse survival in the linked groups (P=0.12 for BRCAI-
linked cases; P=0.18 for BRCA2/other gene-linked cases). In a preliminary report
from Icelandic women with breast cancer, BRCA2-linked cases had a worse
survival than controls (Sigurdsson et al., 1996). Linkage to BRCA2 was an inde-
pendent prognostic variable in multivariate analysis. However, this study is based
on a small number of individuals from a population with only one common
BRCA2 mutation (999del5), and therefore it may not be possible to generalize
from these results. Moreover, a more recent study of this Icelandic BRCA2
mutation in the same population demonstrated no difference in survival when the
control group was matched for age and year of diagnosis (Agnarsson et al., 1998).
This probably reflects the impact of the improvement in the management and
diagnosis of breast cancer during more recent decades.

Difficulties in linkage-based studies include the fact that they generally contain
rather small numbers of living individuals. Families included are those in which
several individuals have breast cancer, raising awareness and potentially leading to
screening and lead-time bias. Ascertainment bias is probably a more important
issue as, inevitably, living cases are preferentially included in the studies. Interest-
ingly, an increased risk for breast cancer associated with recent birth cohort in
BRCAI mutation carriers has been reported (Narod et al., 1995a). Therefore,
results implying improved survival in the linked group must be interpreted with
caution.

Mutation-based studies and survival

The mutation-based studies (Table 6.4) can be divided into four categories based
on the study population selected. Five papers reported studies from a broad
population of women with BRCAI mutations (Gaffney et al., 1998; Johannsson et
al., 1998; Verhoog et al., 1998) or BRCA2 mutations (Verhoog et al., 1999; Loman
et al., 2000), five studies looked at specific founder BRCAI/2 mutations in
Ashkenazi Jewish women (Foulkes et al., 1997; Robson et al., 1998; Lee et al., 1999;
Robson et al., 1999; Chappuis et al., 2000b), five studies reflected the experience of
referral cancer clinics (Garcia-Patino et al., 1998; Wagner et al., 1998; Hamann
and Sinn, 2000; Pierce et al., 2000; Stoppa-Lyonnet et al., 2000), one study selected
BRCAI germline mutation carriers with early-onset breast cancer (Ansquer et al.,
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1998), and one study reported results from the single BRCA2 germline mutation
identified in Iceland (Agnarsson et al., 1998).

In a previous review of the impact of familial and hereditary factors on breast
cancer survival (Chappuis et al., 1999), we noted that 2 out of 10 studies showed a
worse survival for women carrying BRCA1/2 mutations (Foulkes et al., 1997;
Ansquer et al., 1998), and no significant difference in survival between cases and
controls was shown in the eight other studies (Agnarsson et al., 1998; Gaffney et
al., 1998; Garcia-Patino et al., 1998; Johannsson et al., 1998; Robson et al., 1998;
Verhoog et al., 1998; Wagner et al., 1998; Lee et al., 1999). Since the publication of
this review, seven additional papers have been published. These more recent
studies are characterized by a larger number of cases studied with a longer
follow-up, and five of those showed a significantly worse survival for BRCAI or
BRCA2 mutation carriers (Robson et al., 1999; Chappuis et al., 2000b; Hamann
and Sinn, 2000; Loman et al., 2000; Stoppa-Lyonnet et al., 2000). Twenty-eight
BRCA2 mutation carriers had a similar outcome to their age- and year-of-
diagnosis-matched study conducted in the Netherlands (Verhoog et al., 1999),
and a non-systematic study of stage I or II breast cancer patients with breast-
conserving treatment showed no survival difference between BRCA1/2 mutation
carriers and non-carriers after a median follow-up of 5 years (Pierce et al., 2000).
Thus, to date, none of the 17 mutation-based studies published has reported a
better prognosis for breast cancer related to BRCAI or BRCA2 germline muta-
tions.

BRCAI-related (and to a lesser extent BRCA2-related) breast cancers harbour
pathological features of tumours that are classically associated with a worse
prognosis, such as high histological grade or negativity for oestrogen receptors
(Chappuis et al., 2000a; Phillips, 2000). It is particularly interesting to compare the
prognostic impact of BRCAI/2 mutations with well-recognized prognostic factors
such as tumour size, axillary node involvement, histological grade or negativity for
oestrogen receptors. Using Cox multivariate analyses, Foulkes et al. showed that
BRCA1I mutation status was the only independent prognostic factor for overall
survival in a historical cohort of Ashkenazi Jewish women with node-negative
breast cancer living in Montreal, Canada (Foulkes et al., 2000b). They subsequent-
ly extended their findings in a larger study by including lymph-node-positive and
-negative women with breast cancer from the same ethnic group and by lengthen-
ing the follow-up (Chappuis et al., 2000b). BRCAI/2 mutation carrier status, as
well as tumour size and p27XiP! low expression, was identified as an independent
prognostic factor for distant disease-free survival. Robson et al., using a similar
historical cohort approach among Ashkenazi Jewish women from New York,
USA, had previously shown in a larger series that BRCA1/2 mutation status was a
prognostic factor for all survival end-points, but only tumour stage and nodal
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status were predictive of distant disease-free and breast-cancer-specific survival in
multivariate analysis (Robson et al., 1999). Interestingly, when the New York and
Montreal series were combined, the cohort constituted 507 patients, of whom 60
were identified as BRCA1/2 mutation carriers, with a median follow-up of 9.3
years (Foulkes et al., 2000a). In association with tumour size and nodal status,
BRCA1/2 mutation status was a strong independent prognostic factor for breast-
cancer-specific survival.

Only one prospective study has been so far published. When early-onset breast
cancer patients with BRCA 1 mutations were selected to be the cases, a worse 5-year
overall survival was seen in the germline mutation carrier group (Ansquer et al.,
1998). In a recent study from the same institution, Stoppa-Lyonnet et al. showed,
in a series of breast cancer cases from breast/ovarian cancer families, that women
identified as BRCAI mutation carriers had a significantly worse breast-cancer-
specific or overall survival compared with BRCAI non-carriers (Stoppa-Lyonnet
etal., 2000). In multivariate analyses, BRCAI mutation status was identified as an
independent prognostic factor for both overall survival (RR: 3.5; 95% CI 1.3-9.7;
P=0.02) and metastasis-free survival (RR 2.6; 95% CI 1.0-6.5; P=0.05).

A worse prognosis is not exclusively associated with BRCA I germline mutations
(Verhoog et al., 2000b). Olsson and colleagues have published the largest series of
BRCA2-mutation carriers with breast cancer (Loman et al., 2000). These patients
had a significantly worse breast-cancer-specific survival when compared with a
control group of patients matched for age and year of diagnosis (RR 2.0; 95% CI
1.2-3.4; P=0.01). When stage was corrected for in the multivariate analysis,
BRCA2 mutation status was not an independent prognostic factor. Nevertheless,
when the 13 stage-IV breast-cancer cases (six BRCA2 mutation carriers and seven
non-carriers) were excluded from the multivariate Cox model, BRCA2 status was
an independent predictor of a worse breast-cancer-specific survival (N. Loman,
personal communication, 2000).

Several sources of bias exist in mutation-based studies. Ascertainment bias is an
issue in many, as living affected women are preferentially offered testing (Robson
et al., 1998). When Stoppa-Lyonnet et al. restricted the analysis in their series to
the patients whose time interval between cancer diagnosis and genetic counselling
was less than 3 years, the 5-year overall survival for the BRCAI carriers fell from
80% (irrespectively of the time of genetic testing) to 49%, compared with 91% to
85% for the BRCAI non-carriers (P=0.0001) (Stoppa-Lyonnet et al., 2000).
Verhoog et al. attempted to correct for this by analysing the data with the
exclusion of the nine affected probands (Verhoog et al., 1998). This resulted in a
non-significant trend towards a higher death and recurrence rate in BRCAI-
mutation carriers. However, exclusion of the proband does not adequately correct
for ascertainment bias. The likelihood of a patient affected with breast cancer to be
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ascertained also depends on the structure of the pedigree (e.g. small families,
predominance of males, deceased relatives) and the knowledge of the family
history. Several investigators eliminated survivor bias with their study design, as
mutation status was studied from paraffin blocks regardless of whether or not the
patient was living. This was the case when only Ashkenazi Jewish women were
selected (Foulkes et al., 1997; Robson et al., 1999; Chappuis et al., 2000b; Foulkes
et al., 2000b). It may be that different BRCA1/2 mutations confer a different
prognosis, and the results demonstrated in founder populations, as seen in south
Sweden (Johannsson et al., 1998), in the Ashkenazim (Foulkes et al., 1997; Robson
et al., 1998; Lee et al., 1999; Robson et al., 1999; Chappuis et al., 2000b; Foulkes et
al., 2000b) or in the Icelandic population (Agnarsson et al., 1998), may not apply
to other populations (Robson, 2000). The absence of prognostic significance of
BRCA1/2 mutations in an Ashkenazi Jewish community-based survey has been
reported (Lee et al,, 1999). This interesting study evaluated the survival of
breast-cancer-affected first-degree relatives of Ashkenazi Jewish mutation carriers
compared with breast cancer cases diagnosed in first-degree relatives of non-
carriers. Even with an adjustment for age and period of diagnosis, this study has
limitations because genetic testing was limited to probands. Mutation status,
pathological confirmation, cause of death, and adjustment for stage of the disease
in relatives, were not established.

Determining the overall survival of the BRCAI/2-affected carriers is not an
accurate measure of their survival from breast cancer, as they could die from other
BRCA1/2-related tumours. In one Swedish study, four of the patients with both
breast and ovarian cancer died of ovarian cancer (Johannsson et al., 1998).
Non-exclusion of patients with in situ breast carcinoma might influence the
survival evaluation (Robson et al., 1998).

Another point to be noted in several of the mutation studies is the inclusion of
patients with missense mutations (Garcia-Patino et al., 1998; Wagner et al., 1998).
Many of these mutations are of unknown biological significance, and including
them in the case group may have confounded the results. In addition, in most of
the studies the BRCAI/2 genes were not sequenced in the control group. As such,
the presence of mutations in this group cannot be ruled out.

All of the mutation-based studies have a small sample size, making the play of
chance more likely to be a problem than in larger studies, and the control group
may not be appropriate in all studies, e.g. not adequately stage-matched. One
study, designed at the Curie Institute, Paris (Ansquer et al., 1998), is attractive as it
was based on a prospective follow-up with the same mutation screening in cases
and controls, but for reliable results this kind of approach requires a multicentre
recruitment of cases and many years of follow-up. Further large, retrospective,
cohort studies using populations with founder mutations, and mutation analysis



100 P. O. Chappuis et al.

of archived tissue, may be able to achieve similar results in a shorter time. It is
noteworthy that the impact of standard adjuvant chemo- and/or hormonotherapy
in BRCA1/2 mutation carriers has not been properly assessed in the cohort studies
so far conducted. This could be particularly important for small, node-negative
breast cancers where treatment might not usually be offered (Foulkes et al.,
2000b).

Perspectives and conclusion

Based on experimental and clinical data, breast cancer among BRCA1/2 mutation
carriers is at least as radiosensitive as sporadic breast cancer, as demonstrated by
similar rates of IBTR in both groups. In the absence of increased risk of early IBTR
or proof of contribution of radiotherapy to the significantly increased rates of
contralateral breast cancer observed in this subgroup of patients, breast conservat-
ive therapy followed by radiation is a valid option of treatment for early-stage
breast cancer. Tamoxifen chemoprevention, as well as other options such as
prophylactic oophorectomy, should be discussed in the counselling process of
breast cancer patients who carry BRCA1/2 mutations. A better evaluation of the
risks for ipsi- and contralateral breast cancer development, efficiency of the
preventive procedures and new screening tools should be evaluated in prospective
studies.

Some of the discrepancies in the outcome of hereditary breast cancer noted
through the literature may be explained by methodological issues. Linkage studies,
because of their inherent biases, should be restricted to use as a research tool to
confirm or exclude chromosomal regions to be investigated, or interpreted with
extreme caution. Because of imperfect molecular assays, small number of patients
studied and an insufficient follow-up time, we cannot yet conclude on the precise
impact of the breast cancer predisposing genes on the outcome of affected women.
Nevertheless, no studies have shown a survival advantage for mutation carriers.
This seems to indicate that BRCA1/2-related breast cancer is not associated with a
survival advantage, and that, in fact, certain BRCA1/2 germline mutations confer a
worse prognosis. However, to adequately answer this question, we need more
efficient molecular tools to identify all the genetic changes responsible for breast
cancer predisposition, and large prospective studies or well-designed retrospective
analyses to evaluate their clinical consequences. These future studies will also
provide essential insights into this heterogeneous disease, such as a better under-
standing of genotype—phenotype correlation, the identification of modifier genes
and relevant environmental factors, and a more complete understanding of the
tumourigenic process involved in hereditary breast cancer (Narod, 1998).

An accurate appraisal of the survival according to the genetic status is essential
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for counselling at-risk individuals or breast cancer gene carriers. The prognosis for
BRCA1/2-mutation-related tumours is important because this knowledge may
influence the management of women at risk, by predicting the overall benefit of
preventive measures (Hartmann et al., 1999; Schrag et al., 2000). Finally, a
thorough understanding of the biological functions of BRCA1 and BRCA2, and
their respective influence on the response to radiation or chemotherapy, may also
help in the design of the optimal treatment of breast cancer that is developing in
BRCA1/2 mutation carriers.
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Breast cancer is a leading cause of cancer death in women. It is estimated that 1 in
12 women will develop breast cancer in their lifetime. Risk factors for breast cancer
include: age, early menarche, late menopause, obesity (particularly in post-
menopausal women), oestrogen replacement therapy and a positive family his-
tory.

The majority of breast cancer (95%) is sporadic in nature and only a small
proportion, in particular those diagnosed in young women, is due to a hereditary
predisposition. This predisposition is transmitted as a highly penetrant autosomal
dominant trait. Over the last 5-10 years, there has been considerable progress in
the identification and localization of the genes responsible for hereditary breast
cancer. In particular, two have attracted the most attention — BRCAI and BRCA2
(Miki et al., 1994; Wooster et al., 1995).

The BRCA1 gene is located on chromosome 17q21 and encodes for a protein of
1863 amino acids (Miki et al., 1994). The protein includes a zinc finger motif,
which suggests a possible role in transcription. Evidence is also accumulating for a
role in DNA repair. Mutations in the BRCAI gene are associated with a risk of
breast cancer of approximately 80% and a risk of ovarian cancer of approximately
40% by the age of 70 years (Ford et al., 1994; Easton et al., 1995). The BRCA1 gene
accounts for approximately 45% of all hereditary breast-cancer-prone families.
Patients with mutations in the BRCAI gene also have a slightly increased risk of
colon and prostate cancer (Ford et al., 1994).

The BRCA2 gene is located on chromosome 13q12-13 and encodes for a
protein of 3418 amino acids. (Wooster et al., 1994, 1995; Tavtigian et al., 1996). It
has been estimated that mutations in the BRCA2 gene are associated with a risk of
breast cancer that is similar or higher than that for BRCAI, but a lower risk of
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ovarian cancer. BRCA2 gene mutations, however, confer a higher risk of male
breast cancer.

Other cancers occurring in patients with BRCA2 gene mutations include car-
cinoma of the pancreas, head and neck, and cutaneous malignant melanoma.
Mutations in BRCAI and BRCA2 genes together account for approximately 80%
of families with four or more cases of breast cancer diagnosed under the age of 60
years. Other genes that are known to increase the risk of breast cancer include the
TP53 gene (Malkin et al., 1990), the gene on chromosome 10q22-23 responsible
for Cowden disease (Nelen et al., 1996) and, in man, the androgen receptor gene
(Wooster et al., 1992). Mutations in these genes are rare compared with mutations
in BRCAI and BRCA2. In addition, certain alleles of the H-ras-1 gene (Krontiris et
al.,, 1993), which are common compared with disease-associated variants of
BRCAI and BRCA2, may slightly increase the risk of breast and other types of
cancers.

For more than half a century, the association of cancer type with a history of
familial predisposition has fascinated breast cancer researchers. Certain mor-
phological types, including medullary carcinoma, tubular carcinoma, lobular
carcinoma in situ, and invasive lobular carcinoma, have all been reported to be
more commonly associated with a positive family history of breast cancer than
other subtypes (Erdreich et al., 1980; Lagios et al., 1980; LiVolsi et al., 1982; Rosen
et al., 1982; Lynch et al., 1984). It has been difficult to interpret the data in some
studies owing to the small number of samples, the differing criteria of a ‘positive
family history’ and the changing criteria and classification for the diagnosis of
breast cancer. The morphological classification of breast disease is subjective and,
despite an attempt to provide clear guidelines, the inter-observer variability is
known to be high (Sloane et al., 1994). Because of this inter-observer variability
and the factors outlined above, no clear agreement has emerged, until recently,
that any particular phenotype is more commonly associated with a positive family
history than any other. Nonetheless, in a histological review of the population-
based series of 4071 breast cancers diagnosed between the ages of 20 and 54 years
in the Cancer and Steroids Hormone Study, lobular carcinoma in situ showed a
strong association with familial risk (Claus et al., 1993). In the Utah population
database, invasive lobular carcinoma has been shown to have an association with
familiality (Cannon-Albright et al., 1994).

Pathology of breast cancers in mutation carriers

BRCA1-associated tumours
There are a number of published studies indicating that breast cancers arising in
mutation carriers are of higher grade than sporadic cancers (Bignon et al., 1995;
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Jacquemier et al., 1995; Eisinger et al., 1996; Marcus et al., 1996). Eisenger et al.
studied 27 BRCA I-associated breast cancers from 14 families and compared these
to sporadic breast cancers, matching for grade. They found an excess of grade III
carcinomas in the BRCAI-associated group. Marcus et al. reported the first large
series of the pathology of BRCAI-related tumours. They had 90 BRCAI-related
breast cancers assigned to the group on the basis of linkage to chromosomes 17q
and/or the presence of ovarian cancer and male breast cancer. The control set
comprised 187 predominantly non-familial cases. They reported that BRCAI-
associated tumours were more likely to be of medullary or atypical medullary type,
to be of higher grade, to be aneuploid, and to have a higher tumour cell prolifer-
ation rate. When adjusted for age, the association with medullary carcinoma lost
formal significance.

A large collaborative study organized through the Breast Cancer Linkage Con-
sortium (BCLC) compared the pathology of familial cancers with those of controls
unselected for a family history of the disease (BCLC, 1997; Lakhani et al., 1998).
There were 118 (27%) cases in the BRCAI group, selected on the basis of linkage
or mutational data. The control group comprised 548 breast cancers without a
known family history.

The BCLC review produced some intriguing data. The proportion of invasive
ductal carcinoma of no special type (IDC-NST) was similar between BRCAI and
control breast cancers. In keeping with the study by Marcus et al. (1996), more
carcinomas were reported as medullary or atypical medullary in a BRCAI group
(14%) compared with controls (2%) (P<0.0001).

The overall grade of BRCAI breast cancers was significantly higher than that of
the control population. The grading of breast cancers is achieved by giving a score
of 1-3 for each of three parameters: (i) tubule formation, (ii) pleomorphism and
(iii) mitotic count. If more than 75% of the tumour has good tubules, the score is
1; if less than 10% of the tumour has good tubules, the score is 3. For pleomor-
phism, the greater the degree of pleomorphism, the worse the score, and similarly,
the higher the mitotic count per 10 high-powered fields, the higher the score. A
total score of 3—5 =grade 1, score 67 = grade 2 and score 8-9 = grade 3 (NHSBSP
Publication, 1995). Interestingly, the higher grade of the BRCAI tumours was a
result of a higher score in all three parameters of grade. This was different from
BRCA2 tumours (see below).

The presence of in situ disease was also recorded from the analysis. Although
there are inherent difficulties with these data due to the limited examination of
each case, ductal carcinoma in situ was seen less frequently in BRCAI cases (41%)
than in controls (56%) (P=0.01). Lobular carcinoma in situ was also seen less
frequently compared with controls; however, the results were not statistically
significant.
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Medullary carcinoma is a controversial entity. It is defined as a tumour that
grows in solid sheets with an indistinct cell border (syncytial growth pattern), has
large vesicular nuclei and prominent nucleoli, and has a broad pushing margin
and a prominent lymphocytic infiltrate both at the periphery and within the
tumour. These features must be present in the entire tumour for it to be regarded
as a classic medullary carcinoma. If the tumours have less lymphocytic infiltrate or
an infiltrating margin in part of the tumour, it is regarded as an atypical medullary
carcinoma. The presence of a classic IDC-NST that forms less than 25% of the
tumour also pushes it into an atypical medullary carcinoma category. Although
these features appear to be fairly specific, pathologists have a great deal of difficulty
in making a diagnosis of medullary carcinoma and atypical medullary carcinoma,
and, in the BCLC study, the agreement amongst the pathologists was low. Because
of the strong associations of the medullary and atypical medullary carcinoma with
the BRCAI phenotype, a further review to identify the features that were predictive
for BRCAI phenotype was carried out. Hence, in the second review (Lakhani et al.,
1998) the pathologists were asked to evaluate specific features of the tumour (e.g.
the presence of continuous pushing margins, confluent necrosis and a lym-
phocytic infiltrate) rather than assigning a specific type to the tumour. In a
multifactorial analysis using the data from both reviews, the only factors found to
be significant were total mitotic count, continuous pushing margins and lym-
phocytic infiltrate. All other features, including the diagnosis of medullary and
atypical medullary carcinoma, were no longer significant in the analysis (Lakhani
et al., 1998).

Two out of the three features that are independently associated with cancers
from the BRCA1I patient (continuous pushing margins and lymphocytic infiltrate)
are part of the subset of the characteristics that define medullary carcinoma. High
mitotic count, which is the third feature associated with these tumours, is also
often seen in medullary carcinomas since these tend to be of higher grade, but it is
not regarded as a defining feature. It appears that although an increase in the
frequency of classic and atypical medullary carcinoma may contribute to the
observed BRCAI phenotype, these cancers are likely to account for only a small
proportion of the differences observed between BRCAI mutation carriers and
control groups.

BRCA2-associated tumours
Unlike BRCA1, data on the pathology of tumours associated with BRCA2 are
limited. The study by Marcus et al. (1996) attempted to delineate the pathology of
BRCA2 tumours. Their study groups comprised BRCAI-associated tumours and
‘others’, which would include the BRCA2 cases. Although this group had 85 cases,
only nine were linked to BRCA2 and three were of male breast cancer. They
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suggested that tumours arising in patients with BRCA2 mutations were different
from those arising in patients with BRCAI mutations. These tumours were of
lower grade than those of BRCA1, were less aneuploid and did not have the high
proliferation seen in tumours from BRCA1 patients. They found an association of
BRCA2 tumours with invasive lobular carcinoma, tubular-lobular carcinoma,
tubular carcinoma and cribriform carcinoma, which they designated as a ‘tubu-
lar-lobular group’ (TLG). This is in contrast to the findings of Agnarsson et al.
(1998), who found that BRCA2 tumours in the Icelandic population were of
higher grade than tumours of sporadic controls. Their data are, however, based on
one particular BRCA2 mutation — 999del5 — and hence it is possible that this
phenotype represents a peculiarity of the particular mutation. The studies carried
out by the BCLC (1997) analysed 78 (18%) patients assigned to the BRCA2 group
on the basis of linkage analysis or mutation testing. This represents the largest
dataset on BRCA2 tumours to date. Unlike the study by Marcus et al., no
difference in the frequency of invasive lobular carcinoma or tubular carcinoma
between the control group and the BRCA2 mutation group was identified. There
was also no evidence of an excess of medullary or atypical medullary carcinoma in
the BRCA2 group. Hence, no particular type of breast cancer was over-represented
in patients with BRCA2 mutations.

BRCAZ2breast cancers were, overall, of higher grade than those from the control
population. Interestingly, in contrast to BRCAI, the higher grade of BRCA2
tumour was only due to the higher score for tubule formation. No differences were
identified in pleomorphism or mitotic count between BRCA2 tumours and
sporadic cancers.

There was no difference in the incidence of ductal carcinoma in situ between the
BRCA2 group and the control group. Lobular carcinoma in situ was seen less
frequently in BRCA2 mutation carriers compared with controls; however, the
results were not statistically significant.

Multifactorial analysis from the two BRCA2 mutation carrier reviews showed
that the only significant features were tubule score and continuous pushing
margins (Lakhani et al., 1998).

Molecular pathology of BRCA1/2-associated breast cancers

Steroid hormone receptors
Since its discovery in 1960, oestrogen receptor (ER) has become an important
prognostic and predictive marker for breast cancer (Osborne, 1998). ER expres-
sion is inversely correlated with tumour grade (Henderson and Patek, 1998);
hence, BRCA-associated tumours, which are more often of a higher grade than
those of sporadic breast cancer, would be predicted to be more often ER-negative.
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Many studies have shown low levels of ER expression in familial breast cancers
(Johannsson et al., 1997; Osin et al., 1998a,b; Robson et al., 1998; Armes et al.,
1999). This is also true when ER expression in BRCA-associated tumours is
compared with a grade-matched control group (Osin et al., 1998a). In contrast,
the expression of ER in BRCA2 tumours appears to be similar to that in sporadic
breast cancer tumours (Osin et al., 1998a,b). The detection of ERs immunohis-
tochemically does not necessarily reflect their functional competence, and a
percentage of cancers expressing ER are known to be resistant to anti-oestrogen
therapy. The function of ER is dependent on the ability to transactivate ER-
dependent genes. Expression of progesterone receptor (PgR) and PS2 protein is
indirect evidence of retained transcriptional activation activity of ER and it has
been shown that PgR and PS2 expression has a stronger correlation with prognosis
in breast cancer than ER expression alone (Ioakim-Liossi et al., 1997). The finding
of PgR negativity in familial cases of breast cancer that are ER-positive suggests
that their functional ability may be compromised. It has been demonstrated that
both the invasive and the in situ components in BRCA tumours have a similar
status of steroid hormone receptor expression, suggesting that loss of hormonal
response is a relatively early event in the progression of these tumours (Osin et al.,
1998a,b).

HER2/neu product is a tyrosine kinase receptor belonging to the same family as
epidermal growth factor receptor. It is over-expressed in approximately 20-30%
of high-grade invasive breast cancers and is a poor prognostic indicator. HER2/
neu status also predicts response to anti-oestrogen and cytotoxic chemotherapy.
Antibodies directed against the HER2/neu protein have attracted attention re-
cently owing to the availability of the monoclonal antibody Herceptin for the
treatment of breast cancer (Ross and Fletcher, 1999). Clearly, the role of HER2/
neu in familial breast cancer would therefore be of interest. Data on HER2/neu are
limited and conflicting. Robson et al. (1998) and Armes et al. (1999) have not
shown a difference in HER2/neu expression between sporadic and familial can-
cers. However, the study by Johannsson et al. (1997) demonstrated that c-erb-b2
expression in BRCAI-associated cancers is lower than would be predicted on the
basis of their histological grade. Data from a large BCLC study are similar to those
of Johannsson et al. (Lakhani and Easton, unpublished observations).

Mutations in the TP53 gene are the most common genetic alterations in human
cancers and are encountered in 20—40% of sporadic breast cancers. The frequency
of these mutations correlates with tumour grade. Detection of p53 protein by
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immunohistochemistry correlates with higher histopathological grade, increased
mitotic activity, aggressive behaviour and, therefore, a worse prognosis (Elledge
and Allred, 1998; Rudolph et al., 1999). Using immunohistochemistry, Crook et
al. (1997, 1998) reported that BRCA-associated tumours were more often p53-
positive compared with grade-matched sporadic breast cancers (77% BRCAI,
45% BRCA2, 35% sporadics). Mutations in p53 have also been identified and
these were often multiple and their locations unusual, which is in marked contrast
to sporadic cancer. Studies of p53 gene function in BRCA tumours have been
performed using in vitro models. These show that the identified mutants are
unique not only in their number and location but also in their function. In
sporadic breast cancer, an inverse correlation between loss of p53 expression and
high proliferation index on one side, and low expression of anti-apoptotic gene
BCL2 on the other, has been demonstrated. Surprisingly, two studies show that
BRCA1/2 tumours have the same level of BCL2 expression as the control group,
despite being highly proliferative and with frequent p53 mutations (Robson et al.,
1998; Armes et al., 1999). Clearly the regulation of both cell cycle and apoptosis is
multifactorial, and a relatively high expression of anti-apoptotic BCL2 is probably
one of the mechanisms of tumour survival in conditions where apoptosis-
inducing genes are still transactivated by mutant p53.

Cell cycle proteins

Cyclin-dependent kinase inhibitor p21 blocks transition from G1 to S phase and
suppresses cell proliferation. The p21 is thought to be a major downstream
effector of the wild-type, p53-mediated, growth arrest pathway that is induced by
DNA damage. In sporadic breast tumours the expression of p21 is inversely
correlated with p53 expression and high tumour grade (Elledge and Allred, 1998;
McClelland et al., 1999). Immunohistochemical studies have failed to demon-
strate a relationship between p21 and p53 in BRCA1/2 tumours, suggesting that
p21 transactivation in this group could be mediated by a p53-independent
mechanism (Crook et al., 1998). Another cyclin-dependent kinase complex in-
hibitor that plays an important role in breast cancer pathogenesis is p27. There are
reports that patients whose tumours over-express p27 have significantly higher
survival rates. In small breast cancers (stages Tla and b), p27 expression was
reported as the only independent prognostic factor (Tan et al., 1997). Data
regarding p27 expression in familial BRCA-associated breast cancer are scarce and
contradictory. Robson et al. (1998) reported that p27 expression does not differ
between sporadic and BRCA-associated cancers; however, this is contrary to data
from other groups (86% in familial tumours vs 65% in sporadics: P.P. Osin,
unpublished observations). Cyclin D1 is a regulator of progression from Gl1 to S
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phase in the cell cycle. It represents an important part of hormonal regulation of
mammary epithelium growth: Cyclin D1 is known to be unregulated by oestrogen
and progestins and down-regulated by anti-oestrogens (Gillett et al., 1998). Cyclin
D1 also modulates the transcription of ER-regulated genes (Neuman et al., 1997;
McMabhon et al., 1999). Cyclin D1 over-expression is a common event in breast
cancer and is especially frequent in early-onset breast cancer, probably because of
the high level of oestrogens in this age group (Barnes and Gillett, 1998). However,
BRCA1/2-associated tumours show very low expression of Cyclin D1 in both the
invasive and in situ components (14% in both invasive and ductal carcinoma in
situ (DCIS) in BRCA1/2 tumours vs 35-36% in invasive and DCIS in sporadics)
(Osin et al., 1998a). Taken together with the absence of ER and PgR in BRCAI/2
cancers, the absence of Cyclin D1 in these tumours could be additional evidence of
hormone independence of BRCA-associated familial breast cancers.

Familial ovarian cancer

Ovarian cancer is the fifth most common cancer in women (excluding skin) in the
USA and UK. Since the prognosis of this neoplasm is largely determined by the
stage of the disease at presentation, and approximately 80% of cases have spread
beyond the ovary when first diagnosed, ovarian cancer accounts for a dispropor-
tionate number of deaths compared with other cancers of the female genital tract.
A family history of ovarian cancer confers the highest known risk factor for
developing the disease. Other risk factors include gonadal dysgenesis (Szamborski
etal., 1981), early menarche and late menopause, whereas reducing the number of
ovulation events either by use of an oral contraceptive or through pregnancy
reduces the risk of ovarian cancer. The oral contraceptive pill appears to offer
protection against the risk of developing both sporadic and familial cancer and
continues to provide protection for some years after the contraceptive has been
terminated (Anonymous, 1987).

Families with a history of ovarian cancer are classified into three main groups:
(1) families with a history of ovarian cancer only (site specific), (2) families that
develop either ovarian and/or breast carcinoma, and (3) families with a history of
non-polyposis colorectal neoplasms and endometrial, prostate and lung cancers
(Lynch II syndrome) (Lynch et al., 1997). It is estimated that 5-10% of ovarian
cancers result from a hereditary predisposition and that these are caused, in the
vast majority of cases (90%), by germline mutations in tumour suppressor genes,
BRCAIand BRCA2 (Miki et al., 1994; Wooster et al., 1995). The remaining 10% of
familial cases are likely to be accounted for by the Lynch II syndrome.
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Classification of ovarian neoplasms

Ovarian neoplasms are typed according to the World Health Organization and
International Federation of Gynaecology and Obstetrics classifications. There are
three major categories, these being determined by the cell of origin from which the
neoplasm is considered to arise. These include: (a) epithelial neoplasms (which are
thought to originate from the surface ovarian epithelium or epithelial inclusion
cysts — a smaller proportion arise from ovarian endometrial foci), (b) germ cells,
and (c) stromal lesions. Epithelial neoplasms are the most common in the ovary,
constituting approximately two-thirds of the total, 90% of which are malignant.
Epithelial ovarian neoplasms include five subtypes: serous, mucinous, endo-
metrioid, clear cell and transitional cell (otherwise known as ‘Brenner tumour’).
These are classified as ‘benign’, ‘borderline” and ‘malignant’.

Pathology of ovarian cancers in mutation carriers

BRCA1-associated tumours

All studies performed to date indicate that carcinoma is the most common
histological diagnosis observed in BRCAI- and BRCA2-associated ovarian cancer.
Most of the information available on familial ovarian cancer is based on BRCAI-
linked disease because, unlike familial breast cancer patients, BRCAI germline
mutations are approximately four times more common than BRCA2 mutations in
ovarian cancer patients (Gayther et al., 1999; Boyd et al., 2000). All five subtypes of
malignant epithelial ovarian neoplasms have occurred in BRCAI mutation car-
riers. Even a case of a malignant transitional cell carcinoma — a very rare entity —
has been found to occur in an individual carrying a BRCAI mutation (Werness et
al., 2000a). It is generally agreed that the frequency of endometrioid and clear-cell
carcinoma occurring in BRCAI mutation carriers is similar to that of sporadic
cases (Rubin et al., 1996; Stratton et al., 1997; Aida et al., 1998; Berchuck et al.,
1998; Johannsson et al., 1998; Zweemer et al., 1998; Pharoah et al., 1999; Werness
etal., 2000a). In no studies was a particular mutation found to be associated with a
specific histological subtype.

It is agreed that significant inter-observer variation commonly occurs in typing
of ovarian carcinoma, particularly when a lesion is high grade (Sakamoto et al.,
1994). Furthermore, consensus criteria for grading ovarian carcinomas have not
been agreed and consequently differ between individuals (Cramer et al., 1987;
Lund et al., 1991). The difficulty in subtyping ovarian carcinomas is clearly shown
in the publication by Pharoah et al. (1999), in which 59% (61/133 cases) of the
BRCA1I-associated neoplasms and 36% (8/26 cases) of the BRCAZ2-associated
cancers were classified as carcinomas, unspecified. The subjectivity of typing and
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grading is likely to account, at least in part, for the different results generated from
studies undertaken to date. Systematic reviewing of the slides included in familial
cancer studies by a group of histopathologists with a specialist interest in gynaeco-
logical pathology has the benefit of reducing the inter-observer diagnostic vari-
ation, but this was only performed in studies by Zweemer et al. (1998), Shaw et al.
(1999) and Werness et al. (2000a). All studies have found that papillary serous
adenocarcinoma is the predominant ovarian cancer in familial ovarian cancer
syndromes. Some, but not all, researchers have found that this subtype occurs
more commonly in BRCA germline mutation carriers than in sporadic cases.
Rubin et al. (1996) reported that 43 out of 53 women with ovarian neoplasms who
carried BRCAI germline mutations were diagnosed as having papillary serous
adenocarcinoma. Stratton et al. (1997) and Berchuck et al. (1998) obtained similar
results in studies of 12 out of 13, and 15 out of 15, individuals studied respectively.
These data are further supported by data in brief reports provided by Shaw et al.
(1999) and Risch et al. (1999). The obvious weakness of these studies is the small
number of cases examined. In contrast, three larger investigations reported that
papillary serous carcinomas occurred with similar frequency in BRCA mutation
carriers as in the control groups obtained from sporadic cases (Pharoah et al,,
1999; Boyd et al. 2000; Werness et al., 2000a). Currently, a systematic, blinded,
detailed review of approximately 220 BRCA-associated ovarian cancers, and a
similar number of non-familial cases, is being studied by a group of gynaepatholo-
gists organized by the UK Coordinating Committee on Cancer Research
(UKCCCR) Familial Ovarian Cancer Study Group. A study of this size may help to
determine which, if any, tumour type or particular histological features correlate
with BRCA-associated ovarian cancers.

The large majority of familial ovarian cancer studies performed have shown
malignant mucinous carcinoma to be under-represented in BRCAI mutation
carriers (Narod et al., 1994; Rubin et al., 1996; Stratton et al., 1997; Aida et al.,
1998; Berchuck et al., 1998; Pharoah et al., 1999; Werness et al., 2000a), suggesting
that aberrations in this gene do not generally play a role in the development of this
subtype of epithelial neoplasm. Interestingly, this observation was originally made
prior to the cloning of the ovarian cancer-associated genes (Bewtra et al., 1992).
However, occasional invasive (Rubin et al., 1996; Zweemer et al., 1998) and
borderline (Stratton et al., 1997) mucinous neoplasms have occurred in BRCAI
mutation carriers.

BRCA2-associated tumours
Compared with the information on the pathology of BRCAI-associated ovarian
cancers, little is reported on BRCA2 mutation-related ovarian tumours. The
paucity of information is accounted for by the low incidence of this disease
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compared with that of BRCAI-linked cases (Gayther et al., 1999; Boyd et al.,
2000). Recently, studies, although small, indicate that the histological phenotype
of these ovarian neoplasms is similar to that of BRCAI-associated carcinomas and
is predominantly of papillary serous type (Zweemer et al., 1998; Pharoah et al.,
1999; Risch et al., 1999; Shaw et al., 1999; Boyd et al., 2000). Finally, a single case of
an ovarian carcinosarcoma — otherwise referred to as a ‘malignant mixed miiller-
ian tumour’ — has been reported as occurring in a BRCA2 mutation carrier
(Sonada et al., 2000).

Grading and staging of familial ovarian cancers

The first report on BRCAI-associated ovarian carcinoma found that, overall, the
tumours were of higher grade and higher stage than their historic age-matched
controls (Rubin et al., 1996). However, grade I/stage I tumours have been ob-
served, suggesting that loss of differentiation occurs in parallel with spread of
disease. These findings have been largely reproduced by a number of other groups
(Aida et al., 1998). Werness et al. (2000a) and Boyd et al. (2000) also found fewer
low-grade carcinomas in the mutation carriers. Zweemer et al. (1998) and
Pharoah et al. (1999) found that a greater number of high-stage (III/IV) cancers
and fewer low-stage (I) cancers occurred in individuals with BRCAI and BRCA2
germline mutations. Shaw et al. (1999) also studied a familial ovarian cancer
group comprising BRCAI and BRCA2 carriers and reported that they had a higher
grade of cancer than their sporadic counterparts. However, Berchuck et al. (1998)
found that, although the BRCAI cases in their study were all of advanced stage
(III/IV), they were half as likely to be as poorly differentiated compared with cases
without mutations, and Johannsson et al. (1998) did not identify a difference in
grade between the ovarian cancers in their BRCA mutation carriers and the
population-based, cancer registry control group.

Malignant germ-cell and stromal-cell neoplasms in BRCAT and BRCA2
mutation carriers

Occasional reports exist of siblings and first-degree relatives with malignant,
germ-cell, ovarian neoplasms, which comprise 1-3% of all malignant ovarian
cancers (Jackson, 1967; Talerman et al., 1973; Mandel et al., 1994; Stettner et al.,
1999), but a hereditary predisposition for such neoplasms has never been substan-
tiated. However, a single report of a dysgerminoma arising in an individual with a
BRCA1 germline mutation has been published recently (Werness et al., 2000b).
Another group of malignant ovarian neoplasms, which comprises approximately
5% of all ovarian cancers, are stromal-cell cancers and include malignant
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granulosa cell neoplasms, fibrosarcomas and other rare entities. To date, none of
these lesions has been found to be associated with BRCA germline mutations,
suggesting that such mutations do not predispose individuals to the development
of this subtype of ovarian cancer.

Borderline ovarian neoplasms and in situ lesions in women with and without
BRCA germline mutations

Approximately 20% of all ovarian neoplasms are categorized as borderline ovarian
neoplasms, otherwise known as ‘tumours of low-grade malignancy’, and a large
proportion of these are serous lesions. Hence, they constitute an important clinical
problem. The current data suggest that germline mutations in BRCA genes do not
predispose individuals to the development of borderline neoplasms. This is
demonstrated most convincingly in two manuscripts. Firstly, Gotlieb et al. (1998)
found that only one out of 46 Ashkenazi Jewish patients with frequently occurring
BRCA mutations in this population had a borderline neoplasm. This contrasted
the finding of 17 carriers of the 18delTAG-BRCAI/2 carriers of the 6174delT-
BRCA2 mutations in a group of 59 patients with invasive carcinoma. Further-
more, in this study one patient with a borderline tumour, who had a family history
of ovarian and breast cancer, which co-segregated with a 185delAG-BRCAI
mutation, was not a carrier for this mutation. Secondly, Lu et al. (1999) reported
that 14 out of 32 Jewish patients (44%) with ovarian cancer were carriers for either
a 185delAG-BRCA1 mutation (n=38) or a 6174delT-BRCA2 mutation (n==6),
whereas neither of these mutations were found in 16 borderline tumours from
Jewish women or in 33 controls. These data support the view that borderline
ovarian neoplasms do not progress to frankly invasive adenocarcinoma (for
review, see Seidman and Kurman, 2000).

Studies have been performed with the aim of identifying pre-neoplastic his-
tological features in ovaries removed prophylactically from BRCA mutation car-
riers. However, in situ neoplastic change was rarely observed in ovarian neo-
plasms, irrespective of whether they develop in familial or sporadic cases (Stratton
et al., 1999; Werness et al., 1999; Casey et al., 2000). However, the importance of
such studies being performed without prior knowledge of the mutation status
cannot be over-emphasized. Barakat et al. (2000) also found no histological
difference and no difference in the expression of erb-b2, p53, BRCAI and Ki67
between the 18 ovaries removed prophylactically from BRCAI mutation carriers
and control ovaries.
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The awareness of genetic predisposition to breast cancer has increased tremend-
ously since the identification of the two highly penetrant breast and ovarian cancer
genes— BRCA1and BRCA2 (Miki et al., 1994; Wooster et al., 1995). Women with a
family history of breast cancer are particularly concerned about their own risk,
thus creating a greater demand for risk assessment and genetic counselling as well
as for genetic testing. Mutations in BRCAI or BRCA2 account for the majority of
high-risk families in which the segregation of a dominant high-penetrance suscep-
tibility gene has quite clearly manifested itself in multiple cases of breast cancer
over several generations of close relatives (Ford et al., 1998). Only a small
proportion of families with a less striking family history and isolated early-onset
breast cancer can also be attributed to mutations in these genes (Frank et al., 1998;
Malone et al., 1998; Newman et al., 1998) except in founder populations with
recurrent mutations (Andersen et al., 1996; Johannesdottir et al., 1996; Fodor et
al., 1998; Thorlacius et al., 1998). Screening for mutations is, however, still a
technically demanding and labour-intensive task, and gene testing is usually only
offered to persons with a greater than three-fold increase in risk compared with
the general population (Gayther and Ponder, 1997). Generally, for genetic coun-
selling on familial breast cancer, an accurate evaluation is needed of the probabil-
ity that a woman carries a mutation before any decisions are made regarding
genetic testing. Furthermore, knowledge of a women’s underlying risk of breast
cancer may affect important medical decisions to be made with respect to primary
and/or secondary prevention. These decisions include: at what age to begin
mammographic screening, whether to use tamoxifen to prevent breast cancer, and
whether to perform prophylactic mastectomy to prevent breast cancer.
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Different basis for risk prediction

Without consideration of family history or other risk factors, lifetime risk for
breast cancer for an individual can be estimated by using the cumulative risk of
breast cancer in the general population, which varies considerably between coun-
tries. It is 10% in the UK female population or approximately 1 in 10. The longer a
woman lives without cancer, the lower is her risk of developing breast cancer in the
remainder of her lifetime.

Menstrual and reproductive history, such as early age at menarche, late age at
menopause, nulliparity or late age at first birth, as well as family history of breast
cancer and history of benign breast disease, have been shown in epidemiological
studies to increase the risk of breast cancer in women relative to those without
these characteristics. Risk prediction models accounting for some of these factors
have been developed. The Gail model was based on data from the Breast Cancer
Detection and Demonstration Project — a large mammographic screening pro-
gramme conducted in the 1970s (Gail et al., 1989). Risk factors accounted for
included: age at menarche (> 14, 12-13, <12 years), number of breast biopsies
and woman’s age (0, 1, >2 biopsies at <50 or >50 years), number of first-degree
relatives with breast cancer (0, 1 or >2) and woman’s age at first live birth ( <20,
20-24, 25-29, >30 years, or nulliparous). The calculation of breast cancer risk
with the Gail model requires translating a woman’s risk factors into a risk score
and then multiplying by an adjusted population breast cancer risk. It is most easily
performed using a software program, which is available from the National Cancer
Institute at http://cancernet.nci.nih.gov/h_detect.html. In validation studies, it
has been shown that this risk prediction model is more accurate for women
undergoing regular mammographic screening (Bondy et al., 1994).

Pedigree analysis

For genetic counselling of women with a family history of breast cancer, the
commonly employed model for estimating breast cancer risk is based on the
Cancer and Steroid Hormone (CASH) study — a large population-based, case-
control study of breast cancer comprising 4730 patients diagnosed at 20-54 years
and 4688 control subjects. The Claus model is based on a genetic model of rare
highly penetrant genes for susceptibility to breast cancer and therefore includes
more information about family history but excludes other risk factors (Claus et al.,
1991). Since the effect of family history on breast cancer risk is much stronger than
other risk factors, the Claus model is more appropriate than the Gail model for
assessing risk in women with a family history of breast cancer.

Claus et al. (1994) have used the model to construct detailed tables that predict



127

Risk estimation for breast/ovarian cancer

the cumulative risk of breast cancer according to decades from 29 to 79 years of
age, based on age at diagnosis of one or two first- and/or second-degree relatives
with breast cancer. Predictions using the Claus model for women with one
first-degree relative with breast cancer, one second-degree relative with breast
cancer, and two first-degree relatives with breast cancer are shown in Table 8.1.
Cumulative risk based on other combinations of relatives with breast cancer
(mother and maternal aunt, mother and paternal aunt, and two second-degree
relatives) are available in the publication by Claus et al. (1994). As an example, the
risk of breast cancer by 79 years for a woman who is 35 years old at counselling and
has an affected mother and an affected maternal aunt would be 0.37 and 0.18
according to whether the breast cancers occurred before or after menopause
(Table 8.2). The risk of the same woman would be 0.22 even if the breast cancers
occurred before menopause in two maternal aunts but not in the mother. The
method of Claus et al. (1994) has been generalized by Becher and Chang-Claude
(1996) to be applicable to different populations, taking into account the different
baseline breast cancer risk of specific populations.

However, the Claus tables were not generated to consider the complete pedigree
structure, i.e. the number and ages of unaffected relatives and the exact genealogi-
cal relationship between the proband and her affected relatives. A more sophisti-
cated method of risk prediction allows the estimation of the proband’s genetic risk
under a particular genetic model, given her family history, and can be performed
using the software package LINKAGE (Lathrop et al., 1984). This calculation takes
into account the entire pedigree information, including family size, relationships,
ages and disease phenotypes of all members. The method can be used to estimate
the probability that the proband is a carrier of a highly penetrant breast cancer
susceptibility gene, as characterized by the Claus model (Claus et al., 1991). This
measure of genetic risk can then be used to estimate the risk of developing breast
cancer risk at a certain age and has been shown to provide more accurate risk
estimation, particularly in families with smaller numbers of affected members
(Schmidt et al., 1998). This can be illustrated by comparing, for three different
family sizes, the risk of breast cancer by 79 years for a woman who is 35 years old at
counselling and whose mother and a sister are affected with breast cancer (Figure
8.1).

The calculation of breast cancer risk with the Claus model can be easily
performed using the software package MLINK/LINKAGE (Lathrop et al., 1984),
which is publicly available from the web resources of Rockefeller University at
http://linkage.rockefeller.edu/. The genetic model and the parameters (gene fre-
quency and age-specific penetrances for gene carriers and non-gene carriers) need
to be specified. It should be mentioned that the magnitude of the estimated
genetic risk depends upon the genetic model assumed and may vary with different
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Table 8.1. Cumulative risk of breast cancer according to the Claus model

Cumulative risk of breast cancer (%)

A,
Number of relatives with breast cancer and ge (years)

their age (years) at diagnosis 39 49 59 69 79

One first-degree relative

20-29 2.5 6.2 11.6 17.1 21.1
30-39 1.7 44 8.6 13.0 16.5
40-49 1.2 3.2 6.4 10.1 13.2
50-59 0.8 2.3 4.9 8.2 11.0
60-69 0.6 1.8 4.0 7.0 9.6
70-79 0.5 1.5 3.5 6.2 8.8

One second-degree relative

20-29 1.4 3.5 7.0 11.0 14.2
30-39 1.0 2.7 5.6 9.0 12.0
40-49 0.7 2.1 4.5 7.6 10.4
50-59 0.6 1.7 3.8 6.7 9.4
60-69 0.5 1.7 3.8 6.7 9.4
70-79 0.4 1.3 3.2 5.8 8.3

Two first-degree relatives
Age at diagnosis of younger relative: 20-29

Age at diagnosis of older relative:

20-29 6.9 16.6 29.5 41.2 48.4
30-39 6.6 15.7 27.9 39.1 46.0
40-49 6.1 14.6 26.1 36.6 43.4
50-59 5.5 13.3 23.8 33.5 39.7
60-69 4.8 11.7 21.0 29.7 35.4
70-79 4.1 9.9 17.9 25.6 30.8

Age at diagnosis of younger relative: 30-39

Age at diagnosis of older relative:

30-39 6.2 14.8 26.5 37.1 43.7
40-49 5.6 13.4 23.9 33.7 39.9
50-59 4.8 11.6 20.9 29.6 35.3
60-69 4.0 9.6 17.5 25.1 30.2
70-79 3.2 7.7 14.3 20.7 25.2

Age at diagnosis of younger relative: 40—49

Age at diagnosis of older relative:

4049 4.8 11.7 21.0 29.8 35.4
50-59 3.9 9.6 17.4 249 30.0
60-69 3.0 7.5 13.9 20.2 24.6

70-79 2.3 5.8 10.8 16.1 20.0
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Table 8.1. (cont.)

Cumulative risk of breast cancer (%)

A
Number of relatives with breast cancer and ge (years)

their age (years) at diagnosis 39 49 59 69 79

Age at diagnosis of younger relative: 50-59
Age at diagnosis of older relative:

50-59 3.0 7.5 13.8 20.0 24.5
60-69 2.2 5.6 10.5 15.7 19.5
70-79 1.6 4.2 8.1 12.4 15.8

Age at diagnosis of younger relative: 60—69

Age at diagnosis of older relative:
60—-69 1.6 4.1 8.0 12.2 15.6
70-79 1.2 3.0 6.1 9.8 12.8

Age at diagnosis of younger relative: 70-79
Age at diagnosis of older relative:
70-79 0.8 2.3 4.9 8.1 10.9

Table 8.2. Risk of breast cancer (by 79 years) for a 35-year-old woman with two first- or
second-degree relatives with breast cancer

Relatives with breast cancer Age at diagnosis (years) Risk for 35-year-old woman
Mother and maternal aunt 37,40 0.37
Mother and maternal aunt 64, 58 0.18
Two maternal aunts 37,40 0.22

From Claus et al. (1994).

gene frequency and penetrance estimates. Risk prediction based on a genetic
model can also be performed with the software program MENDEL (Lange and
Weeks, 1988), which can be obtained at http://www.biomath.medsch.ucla.edu/
faculty/klange/software.html (from Ken Lange) but which is less user friendly. The
commercial software package Cyrillic has implemented risk estimation for breast
cancer based on the Claus model, with parameter specification based on data from
the UK, whereby version 2.1 uses LINKAGE and version 3.0 employs MENDEL.
However, the genetic model employed is not clearly documented in Cyrillic
version 2.1 and options for changing model parameters do not appear to be well
tested in version 3.0. Therefore, some experience with, and understanding of,
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Table 8.3. Estimated proportion of BRCAT and BRCA22 in families with breast/ovarian
cancer

Estimated proportion (95% CI)

Type of family BRCAI BRCA2

Families with 4 or more breast cancers in cases

< 60 years

All families 0.52 (0.42-0.62) 0.35 (0.24-0.46)
Female breast cancer only 0.28 (0.13-0.45) 0.37 (0.20-0.56)
> 1 ovarian cancer (without male breast 0.80 (0.66-0.92) 0.15 (0.05-0.28)
cancer)

>1 male breast cancer 0.19 (0.01-0.47) 0.77 (0.43-0.97)

aFrom Ford et al. (1998).

Pedigree:

/ 35 45

o SEELLER

Risk for 35-year-old proband: 0.324 0.248 0.103

Three pedigrees of different size and the predicted cumulative risk of breast cancer for a
35-year-old woman with two first-degree relatives affected with breast cancer at 45 and 35
years, as calculated under the genetic model with parameters according to Claus et al.
(1991).

genetic risk calculation will be required for the application of Cyrillic for risk
estimation.

Pedigree analysis generally precedes genetic analysis and is employed for
women who want to know the magnitude of their familial breast cancer risk before
making decisions about mutation testing of known highly penetrant genes, such as
BRCAI or BRCA2. Some estimates have been reported regarding the proportions
of BRCAI and BRCA2 mutations in families with breast/ovarian cancer defined by
number and age at diagnosis of the cancer, based on data from the Breast Cancer
Linkage Consortium, and these have recently been updated (Ford et al., 1998)
(Table 8.3). However, they do not account for families that may actually be
harbouring mutations in a highly penetrant susceptibility gene, but who are
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presenting a less extensive family history that does not provide conclusive evid-
ence for the involvement of such a gene. Therefore, risk estimation based on
pedigree information can provide more accurate assessment of familial risk. These
methods of risk estimation will be employed where genetic testing is not available
or only for certain gene mutations. Furthermore, since not all predisposing genes
are known, risk estimation will have to rely on pedigree information when the
genetic test result is negative.

Genetic analysis (mutation screening)

Screening for mutation in the two highly penetrant breast cancer susceptibility
genes, BRCAI and BRCA2, in affected family members is the preferred method for
obtaining a more accurate risk estimate for unaffected women in high-risk
families. The identification of a functionally relevant mutation in an affected
woman will permit differentiation between gene carrier and non-gene carrier
status in family members tested for the identified mutation and thus more
accurate quantification of risk for the unaffected family members. Women with an
inherited mutation in either BRCA1 or BRCA2 have an equally high lifetime risk of
developing breast cancer. The estimates of risk range between 40% and 85%,
depending upon the population and the type of families studied (Easton et al.,
1995; Struewing et al., 1997; Ford et al., 1998; Thorlacius et al., 1998; Hopper et al.,
1999). Generally, risk estimates obtained from analysis of breast cancer patients
unselected for family history were lower than those from analysis of families with
multiple cases of breast cancer (Table 8.4). BRCAI confers a higher risk of ovarian
cancer than BRCA2 (63% vs 27%) and BRCA2 confers, in addition, an elevated
risk of male breast cancer (Stratton, 1996; Easton et al., 1997; Ford et al., 1998).
Those who are non-carriers in a family with an inherited mutation will have the
population risk of developing breast cancer, which is 8—12% in western European
countries.

However, women from families who test negative for BRCAI/2 mutations will
remain at elevated risk owing to their family history: (1) because the involvement
of unknown predisposing genes cannot be excluded, and (2) the sensitivity of the
mutation analysis is less than 100%. Their risk reduces by an amount related to the
a priori probability of carrying a high-penetrance breast cancer susceptibility gene,
which is estimated from pedigree information as described in the previous section.
The a posteriori risk can be estimated from the a posteriori carrier probability,
which can be calculated using a Bayesian approach (accounting for sensitivity of
genetic testing, s, and assuming a specificity of 1 by:

a priori carrier prob x (1 —ys)

a priori carrier prob x (1—s)+(1—a priori carrier prob)
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Table 8.4. Cumulative risk of breast cancer (95% Cl) in carriers of BRCA mutations

Cumulative risk of breast cancer (95% CI)

BCLC families' Ashkenazi Jewish?  Icelandic? Australian*
BRCAI
By 60 years 0.49 (0.28-0.64) 0.33 (0.23-0.44) — 0.10 (0-0.24)
By 70 years 0.71 (0.53-0.82) 0.56 (0.40-0.73) — 0.40 (0.16-0.64)
BRCA2
By 60 years 0.28 (0.09-0.44) 0.33 (0.23-0.44) 0.18 (0.09-0.26) 0.10 (0-0.24)
By 70 years 0.84 (0.43-0.95) 0.56 (0.40-0.73) 0.37 (0.22-0.54) 0.40 (0.16-0.64)

"Ford et al. (1998): 237 families with >4 cases of breast cancer (females <60 years, males any
age).

2Struewing et al. (1997): 5318 Ashkenazi Jewish subjects (120 BRCA1/2 carriers: 185delAG,
5382insC, 6174delT); risk in first-degree relatives of carriers.

3Thorlacius et al. (1998): 573 breast cancer patients (841 women, 34 men), 69 carriers of
999del5 mutation (56 women, 13 men).

*Hopper et al. (1999): 388 breast cancer patients diagnosed before age 40 years, 18 mutation
carriers (9 BRCA1,9 BRCA2).

Here, the prior probability refers to being the carrier of any breast cancer suscepti-
bility gene and not only BRCAI and BRCA2. Therefore, the term ‘sensitivity’ as
used here refers to a genetic test for any breast cancer susceptibility gene and
comprises both the sensitivity of mutation analysis of the BRCA1/2 genes and the
prior probability of the involvement of the BRCA1/2 genes. This sensitivity can be
estimated from empirical data (see next section). Therefore, given a family who
tested negative for BRCA mutations, the risk of breast cancer for a 35-year-old
woman with a 36% a priori probability of carrying a breast cancer susceptibility
gene will be 19%, assuming that the sensitivity of genetic testing is 60% (Figure
8.2).

Generally, the molecular genetic techniques used for mutation screening do not
identify 100% deleterious mutations. Complete sequencing of the BRCA genes
identifies truncating mutations that are due to small-size or point alterations;
however, large rearrangements may occur in 10-25% of BRCA1 truncating muta-
tions (Petrij-Bosch et al., 1997; Puget et al., 1999) and remain undetected. More
commonly employed for genetics testing in genetics clinics are screening methods
for detecting small-size or point mutations initially, such as single-strand confor-
mation polymorphism (SSCP), conformation-sensitive gel electrophoresis
(CSGE), denaturing gradient gel electrophoresis (DGGE), fluorescent-assisted
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75 75

OV: 55 65 BC: 45 65

35 45 BC; 35

A priori carrier probability of proband: 0.36
A priori risk of breast cancer of proband: 0.32

A posteriori carrier probability of proband,
given a negative genetic test and a sensitivity of 60%: 0.18

Risk of breast cancer (by 79 years), given disease free at age 35 years: 0.19

For a breast/ovarian cancer pedigree, the a priori carrier probability of the proband (accord-
ing to Claus et al., 1994) as well as the a posteriori carrier probability and risk of breast cancer,
given a negative genetic test in the family and a genetic test sensitivity of 60%.

mutation analysis (FAMA), denaturing high-performance liquid chromatography
(DHPLC) and the protein truncation test (PTT), followed by direct sequencing of
detected sequence variants. These methods have lower levels of sensitivity. In
families with linkage evidence of disease due to BRCAI, standard mutation
screening methods were found to yield an estimated sensitivity of 63% (Ford et al.,
1998).

Furthermore, all the predisposing genes for the disease may not have been
identified yet. Based on 237 families with at least four breast cancer cases aged less
than 60 years at diagnosis, collected by the Breast Cancer Linkage Consortium,
Ford et al. (1998) estimated that 80% of hereditary breast/ovarian cancer families
are attributed to BRCAI and 15% to BRCA2. For breast-cancer-only families,
BRCA1 and BRCA2 contribute 28% and 37%, respectively, with 35% unexplained
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by the identified genes. Since the majority of hereditary breast/ovarian cancer
families are explained by the identified genes, BRCAI and BRCA?2, the detection
rate (or sensitivity) of genetic testing in such families will be higher than in
breast-cancer-only families.

Is the calculated carrier probability valid for the prediction of mutations?

In most countries, a woman has to have a certain level of risk before testing for
mutations in the BRCA genes is considered. Women from low-risk families rarely
test positive due to the low prevalence of BRCA mutations in the population (Peto
et al., 1999; Hopper et al., 1999); thus a negative test will not provide important
information about the breast cancer risk. Some of the indications for carrying a
BRCA mutation are: multiple early-onset breast cancer (under 50 years) in the
family, ovarian cancer in addition to breast cancer in the family, breast and
ovarian cancer in a woman, male breast cancer, and Ashkenazi ancestry.

We have shown that the complete pedigree could provide more valuable
information; therefore, the carrier probability may be useful in the prediction of
mutation. To evaluate this, we applied different models empirically to estimate the
probability of carrying a breast cancer susceptibility gene for women with a family
history of the disease, and compared these estimates with the outcome of muta-
tion screening in a larger series of 618 families from eight collaborating centres in
five European countries of the European Community demonstration project on
familial breast cancer (Chang-Claude et al., 1999).

Screening for mutations in BRCAI was carried out in the affected proband or
affected family member in each of the 618 families included in this study.
Mutation screening in BRCA2 was completed in 176 of these families. Different
screening methods were employed in the different laboratories to detect sequence
variants and included SSCP, CSGE, DGGE, FAMA and PTT. For other purposes
of the study, only functionally relevant mutations were considered and individuals
with missense mutations of unproven clinical significance were not considered
‘positive’ for germline pathogenic mutations (Durocher et al., 1996; Stoppa-
Lyonnet et al., 1997).

For the individuals screened, carrier probability was calculated both using the
penetrance parameters employed by both Easton et al. (1993) and Narod et al.
(1995) for the analysis of the Breast Cancer Linkage Consortium data. Under the
Easton model, breast cancer susceptibility is conferred by an autosomal dominant
allele, with population frequency 0.0033, such that breast cancer risk is 67% by age
70 years. Under the Narod model, breast cancer susceptibility confers a breast
cancer cumulative risk that is 71% by age 70 years and an ovarian cancer
cumulative risk that is 42% by age 70 years.
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For breast-cancer-only families, we observed a gradient of the proportion with
BRCA 1 mutations with increasing carrier probability that appeared to be similar
for carrier probabilities calculated according to the two genetic models. BRCA1
mutations were detected in 34% or 26% (according to Easton or Narod model) of
those who have a greater than 95% probability of carrying a mutant allele in a
susceptibility gene, whereas mutations were found in about 5% among those with
carrier probabilities of less than 40%. In the case of breast/ovarian families,
BRCA1I mutations were detected in 48% or 49% (according to Easton or Narod
model) of those with carrier probabilities above 95%, and in 25% or 16% of those
with carrier probabilities below 40%. Thus, for breast/ovarian cancer families
(including ovarian-cancer-only families), the carrier probabilities calculated using
the Narod model correlate better with the proportion of BRCAI mutations
detected (Figure 8.3). BRCA2 mutation analysis has not been completed for all
families. Thus, although the largest proportion of mutations was detected in those
who have carrier probabilities above 95%, the correlation with decreasing carrier
probability is not clearly discernible.

Even solely in 97 families with four or more breast cancer cases diagnosed under
the age of 60 years, regardless of the occurrence of ovarian cancer, there was clearly
a correspondence between the proportion of mutations detected and the cal-
culated carrier probability. The proportion of detected mutations was more than
40% in patients with carrier probabilities above 95%, less than 30% in those with
carrier probabilities between 60% and 90%, and 0% for the nine families with
carrier probabilities below 60%.

This data set was limited by the fact that mutation screening for BRCA2 was not
completed in all families. Nevertheless, the results indicate that estimation of the
probability of being a carrier of a dominant breast cancer susceptibility gene, given
the family history, provides a common measure for all types of families being
counselled and gives a direct measure of the likelihood of detecting mutations in
BRCAI and BRCA? if the contribution of these genes for the specific family type
involved (breast-cancer-only or breast and ovarian cancer) is taken into account.

We also developed a maximum likelihood method for estimating the sensitivity
of the genetic analysis based on this data set (Becher and Chang-Claude, 2002).
Considering only families that were screened for BRCA2 mutations when negative
for BRCAI mutations, we estimated the sensitivity to be 65% for all families, 45%
for breast-cancer-only families and 77% for breast/ovarian cancer families (un-
published data).

It is not possible to derive gene-specific risks using the LINKAGE software
employed. Estimates of gene frequency of BRCAI and age-specific penetrance for
BRCA1I and BRCA2 are available, and estimates of gene frequency of BRCA2 are
being generated from several population-based studies (Ford et al., 1995, 1998;



136 J. Chang-Claude and H. Becher

100+

90

80

70

. 60
Proportion

with/without 50

mutations (%)
40+

30

201

10- . l
0_

Carrier probability 0.0-<0.2

0.2—<04 04-<0.6 0.6-<08 0.8-<0.9 0.9-<0.95 0.95-<1.0

(Narod)
Number of families: 148 39 46 44 30 17 34
(a) B Wwith BRCAT mutation With BRCA2 mutation || Without mutation
100+
90
80
704
Proportion |
with/without 50
mutations (%)
40+
30
20

1O-J
O_

Carrier probability 0.0-<0.2

02-—<04 04-<06 06-<08 0.8-<0.9 0.9-<0.95 0.95-<1.0

(Narod)
Number of families: 27 31 31 29 26 39 77
(b) Il Wwith BRCA1 mutation With BRCAZ mutation | | Without mutation

Figure 8.3 The proportion of (i) BRCAT mutation, (ii) BRCA2 mutation and (jii) no mutation detected in
screened patients from 358 breast-cancer-only families (a) and 260 breast/ovarian cancer
families (b) in different ranges of carrier probability calculated using the genetic model
according to Narod et al. (1995).
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Fodor et al., 1998; Thorlacius et al., 1998; Antoniou et al.,, 2000). Bayesian
prediction models have been proposed by Parmigiani et al. (1998) for determining
carrier probabilities for breast cancer susceptibility genes BRCAI and BRCA2,
requiring estimates of gene frequency and penetrances for the specific genes. It is
also possible to use MENDEL to calculate gene-specific carrier probabilities based
on genetic models that account for the two genes (Antoniou et al., 2000).
Presently, it is not known whether the estimation of gene-specific carrier probabil-
ities is useful in the clinical setting to prioritize mutation screening for one of the
two BRCA genes. In the future, we shall be able to evaluate the usefulness of
estimates of gene-specific risks for decision-making in genetic diagnosis.

Summary

For genetic counselling on familial breast cancer, an accurate evaluation is needed
of the probability that a woman carries a mutation before any decisions are made
regarding genetic analysis. One commonly employed model for estimating breast
cancer risk, specifically for women with a family history of the disease, is based on
the Cancer and Steroid Hormone (CASH) study data set. Claus et al. (1994) have
used these data to construct detailed tables that provide an easy method of
predicting the cumulative risk of breast cancer for a woman over a given time-
interval, based on age at onset of one or two affected first- and/or second-degree
relatives. A more sophisticated method of risk prediction considers the complete
pedigree structure and allows the estimation of the proband’s probability of
carrying a susceptibility gene under a particular genetic model, given her family
history. This provides a common measure for all types of families being counselled
and gives a direct measure of the likelihood of detecting mutations in BRCAI and
BRCA2.

Genetic analysis used to identify functionally relevant mutation in an affected
woman in a high-risk family will permit differentiation between gene carrier and
non-gene carrier status in family members tested for the identified mutation and
thus more accurate quantification of risk for the unaffected family members.
However, the sensitivity of genetic testing will be much less than 100% because of:
(1) the sensitivity of the screening methods commonly employed for the genetic
analysis of BRCAI/2 in genetics clinics, and (2) the existence of further, as yet
unidentified, predisposing genes for breast cancer, particularly for site-specific
hereditary breast cancer. Therefore, women from families with an extensive family
history who test negative for BRCA mutations will remain at a higher risk than the
general population.
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Developing a cancer genetics service:
a Welsh model

Jonathon Gray
University Hospital of Wales, Cardiff, UK

Although genetic mechanisms have long been recognized as central in the causa-
tion of cancer, the practical importance of genetic and familial aspects has only
now been widely appreciated. In the past, clinical genetics services were involved
only in rare Mendelian cancer genetic disorders in which the risks were clear and
intervention or surveillance was possible. It has recently become clear that in some
of the more common cancers, notably breast, ovarian and colon cancer, there is a
Mendelian subset in which the genetic risks are also extremely high. This subset is
considerably more common than the combined incidence of the rarer, single-gene
familial cancer syndromes.

The discovery of mutations and specific genes conferring a high risk of colorec-
tal, breast or ovarian cancer means that comparable genetic approaches are now
potentially applicable to this subset of common tumours. It is increasingly poss-
ible to distinguish family members who carry such genes from those who do not.
As aresult, surveillance and management resources can be directed towards family
members who carry the predisposing gene, and those who do not carry such a gene
can avoid the often uncomfortable diagnostic procedures and the possibility of
surgical intervention.

A further influence on service demand has been intense media publicity and the
high scientific profile of recent discoveries in breast cancer. Concerns are inevit-
ably raised by such stories, and not just in families in which the genetic risk is high.
The challenge is to develop a service that adequately reassures inappropriately
worried individuals (remembering that they retain the population risk of cancer)
and identifies those at high risk who require further information and manage-
ment. In the UK, such services have been developed, albeit on an ad hoc basis, but
many still rely on research funding.
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Background

Recommendations have recently been made for a core service in cancer genetics
(Genetics and Cancer Services Working Group, 1996). This chapter discusses
some of the main issues and conclusions that can be taken from this report, and
how they have been implemented on a practical level. We have attempted to place
the recommendations of the central report in the context of an evolving cancer
genetics service that is currently under evaluation in Wales.

Recommendations

Primary care

Primary care is identified as the principal focus for clinical cancer genetics services,
particularly for referrals or enquiries that are likely to represent a low risk. This
follows the general pattern for cancer services recommended in the Calman Hine
report. Education initiatives for general practitioner trainees, practice nurses,
health visitors and other key nursing staff must be established with the help of
specialist nurses in cancer genetics. Information technology initiatives (e.g. provi-
sion of computer-based information, risk estimation programmes, etc.) should be
developed and evaluated. Establishment of referral guidelines is essential to allow
those in primary care to recognize the important minority who require specialist
referral. Initial steps to implement these recommendations have already been
taken, but ensuring that primary care services as a whole are equipped with the
facilities required is a major challenge.

Cancer units
Cancer units have an important role in the provision of clinics for patients at
intermediate levels of risk. The need for genetic involvement may be less certain in
these individuals, but primary care staff may feel unable to deal alone with such
cases. There should be a clear management plan that is comparable between the
cancer units and enables recognition of which referrals from primary care are best
dealt with at this level and which require direct involvement with a cancer centre
and a specialist consultant in cancer genetics. Such plans must be agreed at all
levels of the service. Each cancer unit could have a designated staff member to
coordinate cancer genetic referrals and clinic activities; with appropriate training,
this individual could be an existing nurse specialist within the locally based
genetics or oncology service. Full-time cancer genetics staff are unlikely to be
required at cancer unit level, and the costs would be high given the large number
of such units. Whilst clinicians and other staff working in district hospitals and
future cancer units will not have extensive expertise in genetic aspects of cancer, so
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education initiatives and genetic risk-estimation programmes will be as important
as personnel at this level and in primary care. Once trained, existing cancer unit
staff will form an important link in the chain of expertise linking primary care,
cancer units and other cancer centres.

Cancer centres

Cancer centres require a partnership between medical genetics and oncology
services. A specialist cancer genetics clinic should form the foundation of the
clinical cancer genetics service; it should principally see patients and family
members at high risk of inherited syndromes, and those in whom a common
cancer is clearly genetic in origin. A consultant in cancer genetics should work in
each centre. Training of such consultants should cover relevant aspects of medi-
cal genetics and oncology, and their role should include the development and
coordination of management policies, referral guidelines and educational pro-
grammes for cancer units and primary care staff.

Genetic databases are an important part of the comprehensive system for
identifying relatives at high risk of familial cancers, and should form an integral
part of clinical cancer genetics services. Pre-symptomatic genetic testing is feasible
in an increasing number of familial cancers. There are clear benefits in identifying
gene carriers among individuals at high risk and in avoiding investigations and
surveillance in some forms of inherited cancer, but the value of this approach in
much lower risk situations remains unproven. Pre-symptomatic genetic testing
should be undertaken only in conjunction with the provision of appropriate
information, genetic counselling and support, and specific consent must be
obtained. Because this form of genetic testing is often complex, laboratories
undertaking pre-symptomatic genetic testing for familial cancers must be appro-
priately experienced and accredited, and must liaise closely with clinical cancer
genetics staff. Genetic testing should form part of the overall cancer genetics
services.

Evaluation of services

Evaluation of all new and existing services is essential because current evidence on
efficacy is limited. It is recommended that services established without means of
evaluation should not be funded. Coordination of such service implementation
and data collection across the UK is required in order to allow key questions to be
answered. Evaluation should include not only clinical effectiveness and acceptabil-
ity, but also health economics and assessment of psychosocial aspects of healthcare
provision.
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The developing service in Wales

How can traditional medical genetics services cope with the demand generated by
members of the public who are worried about a possible family history of cancer?
What role does clinical genetics have in the increasing number of common
conditions for which Mendelian genetic subtypes have been identified? Cancer
genetics service models may provide a test. Whilst implementing the above
recommendations in an all-Wales service, there have been many challenges. Some
of the achievements and challenges are discussed in the remaining part of this
chapter. Resources are finite, the current medical training programmes fail to
deliver the required number of appropriately trained cancer genetics consultants,
and the large potential demand for information on familial cancer risk forces us to
look at service models that can practically be implemented in a resource-efficient
way, capitalizing on an extended nurse/counsellor model of service delivery.

Our approach involves a triage or ‘filtering’ system, in which all referrals are
received by the local counsellor (be that nurse or MSc trained genetic counsellor).
Questionnaires are sent to all appropriate referrals on receipt, allowing pedigrees
to be drawn using the Cyrillic-based pedigree system, cancer diagnoses are con-
firmed, and then risk assessment can be calculated. The outcome of this is the
defining of low- (not significantly raised above population risk), moderate- and
high-risk groups. Low-risk individuals are referred back to primary care, hopefully
reassured (an area of active research). High-risk individuals attend the genetics
clinics in cancer centres. Moderate-risk individuals are dealt with at cancer units
with coordination of their screening and follow-up. The success of this pro-
gramme depends on the cancer genetics counsellor input and an effective working
relationship with primary care.

Primary care in the cancer genetics service for Wales

Guidelines were drawn up and distributed to all GPs in Wales by the National
Assembly for Wales (Box 9.1). Crucially, the guidelines were developed in a
multidisciplinary fashion — initially in conjunction with the cancer lead clinicians,
public health representatives, voluntary groups, patient groups and GPs. Multiple
meetings were required over an 18-month period and all decisions were taken to
and endorsed by the Royal College of General Practitioners, the GP committee of
the BMA, and the appropriate government committees. Key to our work with the
GPs was a series of focus groups, as outlined in Box 9.2, giving a real sense of
ownership to the primary care groups.
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Box 9.1 Referral guidelines

Breast cancer
* 1 first-degree relative diagnosed at 40 years or younger
* 2 first-degree relatives diagnosed at 60 years or younger (on same side of family)
* 3 first- or second-degree relatives any age (on same side of family)
¢ 1 first-degree relative with male breast cancer
* A first-degree relative with bilateral breast cancer

Note: breast cancer can also be inherited through the paternal side of the family

Breast/ovarian cancer
* Minimum: 1 of each cancer in first-degree relatives
(If only 1 of each cancer, the breast cancer diagnosed under 50 years)
* A first-degree relative who has both breast and ovarian cancer

Ovarian cancer
* 2 or more ovarian cancers, at least 1 first-degree relative affected (on same side of family)

Colon cancer
e 1 first-degree relative diagnosed at age 40 years or younger
* 2 first-degree relatives diagnosed at 60 years or younger (on same side of family)
* 3relatives, all on same side of family (at least 1 should be a first-degree relative)
* Familial adenomatous polyposis

* Hereditary non-polyposis colorectal cancer (revised Amsterdam criteria)

Other cancer syndromes
* Patient from a family with a known single-gene cancer syndrome (e.g. von Hippel-Lindau
disease, multiple endocrine neoplasia, retinoblastoma)
¢ ‘Related cancers’. There are some rare cancer syndromes (e.g. Li-Fraumeni syndrome and
Cowden syndrome) where a variety of different cancers occur within a family. Where there
is a high index of suspicion, the possibility of referral should be discussed on an individual

basis.

Evaluation of the service

The Cancer Genetics Service for Wales is one of the first services of this type to be
established in the UK; therefore there is a particular responsibility to carry out
adequate evaluation. Evaluation of the service is an independent exercise designed
to assess aspects of acceptability, effectiveness and cost. The evaluation would be
based on three established principles: (1) addressing a focus set of questions, (2)
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General practitioner focus groups

A pair of sequential focus groups met to explore the reactions of GPs to the triage system and
associated referral guidelines. The participants were provided with reading material concern-
ing cancer genetics and the proposed service. Existing studies had revealed that GPs were not
acquainted with this clinical area and we chose to ensure that the participants became better
informed over time and had the opportunity to consider the issues covered. It is recognized
that initial reactions are often unrepresentative and we therefore designed a method where
information provision and group interaction facilitated insights that were the outcome of a
reflective process.

Participants and focus groups meetings

Topics

Over three-quarters of the Welsh population live in urban areas. Practitioners from Swansea
and neighbouring areas were chosen for this study because the city represents an urban
population that is distant from a tertiary genetics specialist centre.

We therefore convened two groups of GPs. The first group consisted of purposively
selected doctors who had part-time educational roles in a university-based department of
postgraduate education (age range 38—54 years). We chose this sample in order to represent
the views of practitioners who had responsibilities for maintaining the professional develop-
ment of their colleagues and an increased motivation to monitor the impact of clinical
developments. The second group of practitioners was randomly selected from a list of all
those who worked in the area, provided that they had no academic or educational roles. Prior
to their attendance at the focus groups, and at the end of the series, each participant was asked
to complete a short questionnaire that assessed their views on genetics generally and
specifically on the new cancer genetics service.

Each participant was given reading material in advance of every meeting, which contained
background articles on cancer genetics. During the focus groups, participants engaged in case
study discussions and were given risk information and assessment tools and examples of

patient information leaflets.

Focus group 1
* Impact of the ‘new’ genetics on general practice

* The new Cancer Genetics Service for Wales

Focus group 2
* The referral guidelines
* Who should manage patients at ‘low risk’?

Focus group 3
* How acceptable is the triage system?

* How should the service supply information to primary care?
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Box 9.2 (cont.)

Data collection and analysis

The interviews were tape-recorded, transcribed and analysed. The moderator studied the
transcripts repeatedly, explored meanings and ascribed the main themes. First, the moderator
checked the themes with each of those interviewed independently and obtained agreement by
discussion. Second, a report was sent to the participants after each focus group had met,
describing the process and listing relevant transcript excerpts under emergent themes. Third,
by postal consultation, agreement was achieved that this account represented an accurate
analysis of the discussions.

marrying questions to active goals and objectives, and (3) objectivity in the
evaluation process.

Aims of the cancer genetics service for Wales

The Welsh Office and Macmillan Cancer Relief initially implemented the funding
for the all-Wales service in 1998 as a model system with an evaluated framework.
Initially, the main aims of the cancer genetics service were:

1 To filter referred patients before they reach hospital clinics, e.g. genetics,
surgical and gynaecological outpatient clinics;

2 To extend the traditional role of nurse specialists (and MSc trained genetic
counsellors), increasing their areas of expertise and creating skill mixes with the
less traditional (in the UK) non-nursing genetics associate role;

3 To prevent individuals whose risk is not significantly greater than that of the
general population from entering the hospital system. This avoids submitting
these patients to further investigations and reduces the clinical load on the
specialties.

Steering group

In committing the initial funding required for the first elements of the Cancer
Genetics Service for Wales, the National Assembly required the establishment of a
steering group, with representation from public health, primary care, surgery and
cancer service coordination and the Chief Scientific Officer, to oversee the ongo-
ing development, evaluation and roll-out of the new Wales service. Such a high
level steering group has been of immense importance both in aiding the direction
the service development has taken and also in giving high-level access to the
government so that it may deal with issues and problems as they have occurred.
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Evaluation group

An external evaluation group was seen as essential to assess the service develop-
ment over its first 3 years, and advise on progress, failures and the relative benefits
of future funding options.

Health service evaluation objectives

1 To describe the development of the new service

2 To study staff and referring agencies in order to find out about their perceptions
of the service and the nature of consultation

3 To collate and analyse the routinely collected information so that the quality
and equity of the service may be assessed

4 To follow three groups of patients and one group of non-users, and collect data
on:
* the impact of the service on uptake, decision making, perception of risk,

family communication, health and psychosocial well-being

* experience and perceptions of the service
* use of other health and social services

Health economics abjectives
1 From an NHS perspective — to identify and measure the direct costs from
consumables, laboratory administration, overheads, capital charges and other
expenditures of the service
2 To establish the main cost of genetics services for patients at high, medium and
low risk of a range of cancers
3 To elicit the value placed by patients on the service

Development of benchmarks for the regional cancer genetics service

Benchmarks can be appropriate indicators of value in monitoring, understanding
and predicting what improves the performance of the service. Agreement needs to
be reached on what constitutes ‘good” and ‘poor’ quality, and therefore perform-
ance, for a given indicator. The services need to be aware of the appropriate
comparators, deciding appropriate local regional or national levels against which
to compare performance. We have to be very aware of the potential inconsistency
or conflict between the measures and determine which measures are reported
internally and externally to stake holders in the wider community. We particularly
wanted to look for performance indicators that related to both short-term
achievements or progress towards stated targets, and that reflected evidence-based
anticipated changes that we believe will be important to achieve the longer
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Box 9.3 Benchmarks being piloted for cancer genetics service provision

Objective
met by
indicator Indicator
F Average time to given risk
F Average time to clinic
EQ Consultant/million total population
EQ Cancer genetics clinics per million
EQ Admin staff per million
EQ Clinics per million
EQ New families referred per million
EQ/A Referrals per million cancer type
Referrals by type/region
EQ/A Waiting time — risk
EQ/A Waiting time — clinic
EQ/A Proportion of all referrals getting home visit
Proportion of all referrals getting telephone counselling
A Proportion of referrals getting a clinic appointment with a counsellor/at a cancer
genetics clinic
A Proportion of referrals getting follow-up (by letter or other means)
EF Proportion of all referrals (high/moderate/low/inappropriate)
EF/EQ Referral sources (GP/surgeon/O & G/Oncology)
EF Ratio of attenders/non-attenders
EF Proportion of new/follow-up
EF Numbers seen in clinic (e.g. cancer genetics clinic)
p Complaints to the service
p Thank-you letters to the service

Laboratory services used (accredited? Y/N)
EV BRCA1/2 turnaround time
EV Sensitivity of test (versus what gold standard)?

Journal club frequency/year
EV Attendance at journal club as a proportion of total staff

Audit of protocol efficacy
QA Appropriate/inappropriate referrals per million

Audit of risk assessment

QA Proportion of positive mutation searches in high-risk group

Audit of clinical notes (% of satisfactory records)
QA Satisfactory content
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Box 9.3

QA
QA
I

audit.

Audit of lectures/talks given (number given per year)

A, accessible; EF, efficient; EQ, equitable; EV, evidence based; F, fast; I, information; P, patient centred; QA, quality

J. Gray

(cont.)

Consultant
CGC

Talks given per month (total) (counsellor/cancer genetics clinic)

term outcomes. We looked for quantifiable targets within the agreed time-scale of
yearly monitoring, and tried to reflect regional and national policies. In iden-
tifying precise indicators we felt it important to discuss them in relation to the
service remit strategy, and within the agreed monitoring framework of our
steering panel. It was important to identify what data were currently available and
could be accessed and combined to produce these indicators.

In keeping with much of the work nationally on indicators in the NHS, we felt
they needed to be relevant (relating directly to the objectives set), unambiguous
(clear-held changes in the indicator reflect changes in the service or performance),
cost effective (the costs of collecting and monitoring the information should not
exceed the benefits), simple (what is measured and why it is important should be
understandable), and output- and outcome-orientated (focusing on what we are
trying to deliver). Box 9.3 shows a small sub-sample of the benchmarks that are
currently being used by the service and piloted with other regional genetics
services in the UK.

Service delivery and information technology

As referrals and interest increase in genetics, and the implications for families are
recognized, there is an increasing pressure to develop service provision in relevant
ways. The Government has laid out a programme of reform for the NHS that is
intended to improve the quality of care. A key element in that strategy involves
increasing the efficiency and effectiveness of healthcare professionals. Information
technology is seen as playing a crucial role by its ability to improve communica-
tion and sharing of information across professional boundaries. We have explored
three elements of such a high-level information and management technology
strategy:
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Box 9.4 Development of a team website

Website development

Website provision has been developed and evaluated across Wales.

The website contributes positively to the areas of:
(a) effectiveness — the goals of the intended users being supported by the website can be
identified as being met;
(b) efficiency — retrieval exercise undertaken assured that the users can perform a wide range
of tests;
(c) satisfaction — all the usability tests showed an overwhelming and positive attitude by
users.

The website design guidelines:
(a) make the users the focus,
(b) make content paramount,
(c) develop an iterative approach,
(d) make updates frequently,
(e) keep pages simple,
(f) keep layout and navigation consistent,

(g) give users training.

1 Development of an all-Wales team website (Box 9.4)

2 Development of a web-based all-Wales data entry system (Information System
for Clinical Organizations) (Fig 9.1)

3 Videoconferencing (‘telegenetics’) to improve team communication between
distanced centres, and also to allow the counselling of patients across Wales
(Box 9.5).

Looking to the future

There have been many other essential components in developing and taking the
first few faltering steps of this Cancer Genetics Service for Wales. One of the other
crucial elements to our successful first few years has been the key input from our
cancer genetics research team. Within our research strategy we targeted several key
areas, including information technology, education and psychological interven-
tions, within novel service structures. A key element within our research strategy
has been our ‘crystal ball gazing’ attempts, looking ahead perhaps 10 years to the
future and trying to predict what important developments are likely, and what
may be needed. After many enjoyable sessions gazing into the future, we felt that
we would share with you one such session in the form of the scenario outlined in
Box 9.6.
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Box9.5  Videoconferencing

A pilot study of telegenetics

Videoconferencing (‘telegenetics’) is used to:

* Provide specialized healthcare advice to remote clinical sites.

* Meet the increasing demand for specialized service provision.

* Expand our capacity to give information at sites distant from the main specialist centre.

* Standardize technology.

In addition:

* Evaluation showed a high level of patient and doctor satisfaction, and a reduced level of
nurse satisfaction.

* Work has to be done regarding the doctor/nurse counselling process at it alters the roles of
the individuals involved. Telegenetics is an innovative and potentially cost-effective means
of increasing contact with distant sites that require specialist service provision.

* Comments from patients:

‘I found the experience very reassuring and would certainly recommend this method’.
‘Initially, you are aware of the TV but afterwards forgot about it.” ‘As TV is a medium that I
am used to, it is quite usual to receive information from the television’. ‘T do prefer this
method of consultation as I do not like going to hospitals and sitting in overcrowded

waiting rooms with many sick people, for an indeterminate length of time.’

Telemedicine

The website

Other
hospital and
GP systems

Figure 9.1 Development of a web-based data entry system across Wales.
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Box 9.6 One possible future!

Scenario - Cardiff 2010

It all started just after we moved house and I had to register with the Virtual Health Centre down the
road. Every new patient registering must submit a blood sample (which, of course, is stored for possible
DNA analysis) and is also required to complete a detailed family history, even to the extent of
submitting the details of any relatives’ Virtual Health Centres too. It means they can all hook up
electronically and send our family histories to and fro — which is common sense I suppose.

I had a number of cancer concerns when I went to the Virtual Health Centre for the first time. [ had a
bit of a family history of breast and colon cancer, but what really made me worry was all the scare stories
in the media about brain cancer and ‘mobile dementia’, which was caused by the last generation of
mobile phones you know, stories about breast cancer being caused by roll-on deodorants, cancer-
causing electricity pylons, and so on and so on. When I went first, my intention was to ask to be referred
to someone who could test me and tell me if I was definitely going to get cancer when I got older.

The Virtual Health Centre has a state-of-the-art link-up with the Cancer Genetics Centre (CGC) in
Cardiff. It is the main cancer genetics centre in Wales now, though there are skeleton services available in
west and north Wales. Cancer genetics used to be part of the Institute of Medical Genetics, but after the
completion of the Human Genome Project in 2003 and the subsequent discovery of a whole range of
cancer genes, including BRCA3, BRCA4, OV7, OV8, PROST45 and PROST57, the demand for cancer
genetics services really escalated and it made sense to separate cancer genetics from the rest of the rare
genetic conditions that the Institute deals with.

This link-up from primary care to the CGC all started in 2005 when the government decided that
everyone should be equipped with the latest technology — a laptop computer for every member of the
primary healthcare team, all referrals to specialists be done by e-mail, and every specialist to develop
their own website dedicated to ‘clinical management’ with links back to primary care.

The CGC website has information about the entire cancer genetics team. There are about 20 people
working there already and they seem to be a mixed bag of nurses, psychologists, sociologists, IT people
and lawyers. With shared decision-making all the rage these days, my GP and I looked at all their
personal profiles and eventually chose the one I thought I would be most compatible with as my key
worker. The rest was easy then and we simply e-mailed, requesting a referral.

Before our referral was accepted, we were directed to the section of the website that deals with family
history and risk assessment. All sorts of risk tools are now up on the CGC’s website and they are each
ranked according to how quickly they assess risk, the reliability of the data they use, and how useful
others have found them. My doctor and I went through my family history together to see if I was at
significantly increased risk for any of the main cancers, and to see what genetic tests were available. We
decided that I was at moderate risk for these cancers compared with the rest of the population. That
really worried me, but luckily there was another bit of the website that did psychology — employing
various techniques and even giving us access to real-time on-line counselling.

Almost immediately after my doctor and I e-mailed the CGC, we received an appointment for a video
link-up with the genetic nurse for the next morning. It’s great not having waiting lists any more! Most of
the video-link appointment involved going through my completed family history forms and double-
checking for errors. Obviously, they asked whether I had thought through the implications of having a
test and what I would do if T discovered that I did actually have one of the BRCA or COLCANCER genes.

They had to warn me about the insurance and employment implications too.
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Box 9.6 (cont.)

Even though the Genetic Discrimination Act has been in force for many years now, most insurance
companies do everything they can to find out about your predispositions. Most employers realize that
the chances of their employees getting some form of cancer are huge but they have to cover themselves
in case there is an environmental (i.e. workplace-induced) connection too. After the initial video-link
discussion, I opted for a home visit to be ‘blooded’ — for those of you who don’t know, the nurses still
use this traditional term even though they collect saliva and hair now. The discovery that breast cancer
could be diagnosed with a hair sample revolutionized the perception of genetic testing.

When I finally got an appointment to actually go to the CGC, I was assigned a code. They said every
new patient needed a code because of the huge number of research studies that were running with
people referred into the service. I was only allowed to be admitted into three research studies while I was
a patient, but they said that once I had been discharged from their system, there could be an unlimited
number of requests to take part in retrospective studies. Increasingly, researchers have to pay patients to
participate in their studies, so I hadn’t realized this would be quite so lucrative. In fact, I needn’t have
bothered applying for Big Brother 2011 — now in its tenth year and with prize money of £1 million — if I
knew I could get a bit of extra cash just by having a few cancer concerns. Anyway the research projects I
chose were: (a) analysing non-verbal communication during the counselling process, (b) improving my
coping strategies and, of course, (c) telegenetics.

The telegenetics project means that I get to see extra people to talk about my concerns, though
obviously not face-to-face. They now hook you up remotely with each member of staff — the nurse, the
psychologist, the lawyer, etc. — to go through the issues from every possible perspective. Admittedly you
are accompanied by a specialist genetics nurse at each stage so you have that ‘continuity of care’. Ever
since an earlier research project showed that nurses do it just as well, most specialist services are trying to
cut back on their consultants. It’s just like maternity services now — you never see a consultant until
something goes wrong. Still, the nurses have more experience, it feels like they really know what they are
talking about, and it’s nice to have their company throughout the different sorts of counselling.

Anyway, I've had my genetic counselling — both face-to-face and by teleconsultation. I've talked to
every possible professional there is about the implications of having a genetic test. I have learnt about
coping strategies and all sorts of distraction techniques. I've filled in piles of surveys and participated in

every focus group going. I think I'm ready. I'll do the test.

Acknowledgements: With thanks to Rachel Iredale for producing the scenario.
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Referral criteria for cancer genetics clinics

Diana M. Eccles

Princess Anne Hospital, Southampton, UK

Introduction

Setting criteria for referral to a clinic requires a clear view of the purpose of the
clinic for which the criteria are being set. This chapter will review the current
approaches to assessing and managing breast cancer risk and will attempt to put
these approaches into the context of the available evidence regarding clinical
effectiveness.

Background

157

Primary care and breast cancer units have found themselves besieged by women
who are worried about their risk of breast cancer. The origins of this worry may be
media driven, family driven or physician driven and may be appropriate (in those
at high genetic risk) or inappropriate. In response to public demand for risk
management options, many ‘family history’ clinics have sprung up throughout
western Europe, offering breast screening to women who present with concerns
about breast cancer risk, usually in this circumstance based on a family history of
the disease. Breast screening mammograms with or without physical examination
are the measures usually aimed at early breast cancer detection. There are no large
scale randomized trials of breast screening in women who are under 50 years of age
and at increased genetic risk of breast cancer. There are a small number of reported
cohort studies involving relatively small numbers that indicate that breast cancer
can be successfully detected at early stages in women under 50 who undergo
regular screening examinations (Kollias et al., 1998; Lalloo et al., 1998; Meller et
al., 1998; Kerlikowske et al., 2000; Tilanus-Linthorst et al., 2000). Heightened
awareness may facilitate earlier detection and diagnosis of interval cancers. Psy-
chological morbidity related to false-positive screening results and the ensuing
investigations need to be considered (Rimer and Bluman, 1997). The mortality
reduction claimed for mammographic screening in the general population aged
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50—64 years, and to a lesser extent 40—49 years, together with the earlier stage at
detection observed in women screened because of a family history of breast cancer,
has encouraged investigators to speculate that an earlier stage at detection in the
family history group is likely to translate into a longer term reduction in mortality.
Methodological flaws and small numbers mean that current studies are unlikely to
be able to demonstrate convincing gains in mortality in the short term. There is
some emerging evidence of a survival benefit for screening mammography in the
40-49 year age group in the general population, but this is smaller than the
reduction in mortality found in the 50-64 year age group (Tabar et al., 1996;
Bjurstam et al., 1997), and there are a number of studies showing that survival in
BRCAI gene carriers with breast cancer may be worse than for matched controls
(Foulkes et al., 1997; Pharoah et al., 1999; Stoppa-Lyonnet et al., 2000).

In the UK, a working party was required by the government to study the
provision of healthcare services to individuals concerned about a genetic risk of
cancer in the family (Harper, 1998). This working party recommended that, in
broad terms, individuals should be defined as ‘low’, ‘moderate’ or ‘high’ genetic
risk. In the NHS these could conveniently be dealt with by the primary care team
if low risk, the cancer unit (hospital specialist for cancer screening) if moderate
risk, and by both the hospital specialist for cancer screening and the regional
genetics service for genetic investigation and family follow-up where the genetic
risk is high. Further, the recommendation within this document was for cancer
genetics specialists to be a part of the multidisciplinary approach to cancer treat-
ment.

Thus, a framework is emerging in the UK and in many centres in mainland
Europe where risk is assessed first by the patient and/or the primary care physician
(GP) (Harper, 1998), and second, by the secondary care (hospital-based) team,
with the genetics assessment being reserved in the main for moderate- and
high-risk women. The level of risk at each level depends to a large extent on local
resource and interest (often research interests).

Guidelines

Implementation of evidence-based guidelines may limit choices for doctors, for
commissioners of health care and, most importantly, for patients. Implications for
resources and the real effect of proposed strategies must be evaluated thoroughly if
guidelines are to be of value (Haycox et al., 1999). Thus, guidelines for referral to
cancer genetics clinics need to be interpreted in the context of methods for
assessment of risk, evidence for benefit from intervention and the available local
resources. Such guidelines will need to be regularly updated in the light of new
scientific discoveries — for example newly recognized patterns of disease with
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potential genetic implications, or newly discovered strategies for intervention. In
addition, mammographic screening, genetic testing and any other form of real or
proposed intervention requires constant audit of outcomes to ensure that patients
and their doctors are aware of the strength of evidence on which such manage-
ment options are advocated.

Breast cancer

In the scheme proposed for managing varying levels of genetic risk, guidelines
might be aimed at the primary care team to ensure that the GP can be confident in
reassuring low-risk women (de Bock et al., 1999; Evans and Eccles, 2000). In the
hospital-based screening clinic, guidelines and a working knowledge of the rel-
evant literature should allow both patient and clinician to feel confident that a
more thorough review of the family tree can help inform a more detailed assess-
ment of risk (The BASO Breast Specialty Group, 1998; Armes et al., 1999) and, if
higher risk, in addition to screening, this information can result in onward referral
to the genetics specialist. The genetics specialist will use additional information to
ensure appropriate use of genetic testing (Couch et al., 1997; Eccles et al., 1998).
This, in turn, will allow many of those who appear at first look to be at moderate
risk to be reassured that, on closer scrutiny, they appear unlikely to have a
significant component of genetic risk. Those deemed at moderate risk may be
unlikely to benefit from detailed genetic investigations at present but may benefit
from early cancer detection strategies. This group may be eligible for trials of
chemoprevention and approaches to identification of new, perhaps lower, penetr-
ance genes that increase breast cancer risk to a lesser extent than the currently
identified high-risk genes (Bishop and Hopper, 1997; Easton, 1997). In addition,
guidelines at this level should allow clinicians both to select those at high genetic
risk who may benefit from additional input from the cancer genetics service and to
provide access to this service (BASO Breast Specialty Group, 1998; Eccles et al.,
2000).

Ovarian cancer

Ovarian cancer is 10 times less common than breast cancer in the general
population. Despite advances in new chemotherapeutic agents such as platinum
and the taxanes, the outlook following this diagnosis is usually poor due to
presentation at a late stage of the disease. Ovarian screening is of unproven efficacy
and is dealt with in detail elsewhere. In view of this fact, guidelines for referral are
less well developed than for breast cancer. Criteria have been developed for
inclusion in the UK Familial Ovarian Cancer Screening Study. As part of the risk
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assessment process, ovarian cancer is weighted rather like a younger case of breast
cancer (breast cancer under 40 years of age is 10 times less common than breast
cancer over 60 years of age in the general population). In addition, there is a
recognized association between breast and ovarian cancer in BRCAI and BRCA2
families, such that the combination of breast and ovarian cancer occurring in four
or more family members is a good predictor of a BRCA1 (usually) or BRCA2 (less
frequently) gene mutation (Easton et al., 1993; Chang-Claude et al., 1999) . The
inclusion of ovarian cancer in the higher risk groups in the breast cancer guide-
lines therefore seems reasonable, but development of similar ovarian cancer
referral guidelines for primary and secondary care awaits the outcome of ovarian
screening trials.

Guidelines cannot always be interpreted without some background knowledge
of a subject, and misinterpretation can easily lead to confusion and conflicting
advice. Cancer genetics specialists are well placed to provide the basic training
required to interpret available guidelines, and one of the remits with which the
cancer genetics services is charged is the education of healthcare professionals
(Harper, 1998).

Risk assessment

Methods

Breast cancer is common in the general population. The greatest risk factors in
that setting are increasing age and being female. Family history has been identified
as a significant risk factor, the magnitude of which varies according to the strength
of family history. Assessment of breast cancer risk, in the absence of a comprehen-
sive molecular genetic test, might approach the problem from a genetic viewpoint
using data from segregation analyses to provide parameters of inheritance (such as
gene frequency) and penetrance on which to base a modified Bayesian calculation
(Claus et al., 1994) or conventional epidemiological risk factors may be used to
gauge risk (Gail and Rimer, 1998).

Where genetic status is known, gene-specific parameters are more appropriate.
In all models and methods there are inherent inaccuracies due to uncertainties
about key inputs. Predictions using epidemiological risk factors may be more
accurate for women with a low component of genetic risk. For women with a high
genetic risk, there are as yet no clear data to allow incorporation of conventional
epidemiological risk factors into a general genetic model; however, there are
studies suggesting an interaction between conventional epidemiological risk fac-
tors and penetrance in BRCAI gene carriers (Andrieu and Demenais, 1999;
Rebbeck et al., 1999).

The various methods of risk estimation need to be validated in prospective
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studies but, for the time being, can provide a useful means of standardizing risk
estimation and selecting only women at a moderate or high genetic risk for breast
screening studies or trials of intervention such as chemoprevention.

Molecular genetic testing

Many studies have now been reported where BRCAI and BRCA2 mutations have
been sought and found in groups of patients ascertained through diverse strategies
(Couch et al., 1996; Fitzgerald et al., 1996; Phelan et al., 1996; Stoppa-Lyonnet et
al., 1996; Couch et al., 1997; Rebbeck et al., 1997; Eccles et al., 1998). These
reported studies give a framework on which the application of genetic testing can
be rationalized such that sensitivity (the chance of finding a mutation) is main-
tained at a reasonable level. This is particularly important given the high cost of
genetic analysis and the unproven health benefits if testing is offered as part of a
comprehensive healthcare plan. The pick-up rate for mutations in breast cancer
populations is strikingly age dependent, decreasing rapidly as a proportion of all
samples with increasing age (Peto et al., 1999).

For patients where the chances of the family history being due to a high-risk
gene are strong (therefore those in the highest risk category), referral to the
genetics clinic for further assessment is appropriate. The approach of the genetics
team is to undertake detailed family studies initially by constructing a complete
family tree and verifying key data. Using these data, a modified genetic risk can be
estimated. Individuals referred to the genetics clinics need to be informed that
molecular genetic testing may not be possible in every case. In many cases there are
no suitable DNA samples available from affected family members; in others,
detailed scrutiny of the family history and investigation to confirm diagnoses may
reveal a lower chance of a genetic predisposition than originally thought. In
addition, some women elect not to have genetic testing, and prior to testing it is
imperative that the individual has an understanding of the limitations and poten-
tial disadvantages of genetic testing in addition to any potential benefits.

Molecular genetic diagnostic testing (particularly pre-symptomatic testing)
should only be carried out by the clinical genetics service using a quality-assured
diagnostic laboratory or as part of research protocols. However, the availability of
a commercial test may encourage more widespread use, which could have an
adverse effect on individuals receiving a test without adequate preparation (Cho et
al., 1999).

Mutation testing throughout Europe has been offered in many centres as part of
research projects. Diagnostic molecular genetics laboratories in many European
countries, including the UK, Holland, France, Germany, Norway and Sweden,
now offer routine mutation analysis and predictive testing in selected families, but
current debates surrounding patenting of these genes may limit the availability of
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such tests due to high cost and currently limited evidence of the universal clinical
utility of such tests.

It is only in a small proportion of those families in whom mutation analysis is
possible that a mutation is found and therefore that a test can be offered to other
family members. The likelihood of detecting a mutation depends on the criteria
for selection of families, and on the sensitivity of the techniques used for mutation
detection. Neither of these parameters can be readily estimated at the present time
as techniques vary widely — mostly aimed at detection of small deletion or
insertion mutations.

If a mutation is detected that is clearly causing the cancer predisposition,
predictive (pre-symptomatic) testing can be offered to any family member by the
genetics service. Pre-symptomatic testing involves, in most cases, a session to
disclose all the relevant information and explore the individuals’ expectations and
concerns, and then a further session with a minimum of a 4-week ‘cooling off’
period prior to the test sample being taken. The result is given (‘disclosure’)
usually face to face, and further follow-up is arranged thereafter according to the
result and the needs of the individual. Current experience is that the number of
men and women proceeding with predictive testing is substantial and may help to
inform decisions about prophylactic surgery (Meijers-Heijboer et al., 2000).

However, even where genetic testing is not possible, many women will be
eligible for studies in chemoprevention and screening that can be coordinated
either by the genetics team or by the breast unit, or preferably by both in
collaboration. In addition, these families may be suitable for genetic research to
identify other breast cancer predisposition genes. Quantification of an individual’s
risk (often lower than they thought) (Burke et al., 2000) and information about
screening and clinical trials are usually helpful both to the patient and to the
referring doctor, and the level at which this is provided varies at present, depend-
ing on local resources and interests. Appropriate collaboration with the regional
cancer genetics specialist will ensure referral of appropriate cases for formal
genetics assessment within the regional genetics service. Women need information
about level of risk and risk management options in order to make informed
choices about their own health care. Current evidence indicates that risk counsell-
ing does improve knowledge and is not associated with increased anxiety (Burke et
al., 2000).

Summary

Referral criteria for cancer genetics clinics have developed in various settings and
vary according to the principal goal of the clinic (research or service, screening or
genetic testing). Agreed methods of risk estimation with which to effectively triage
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individuals into risk categories are needed. Prospective cohort studies to audit the
accuracy of currently advocated risk estimation methods are essential. Prospective
studies (wherever possible randomized controlled trials) of early breast and
ovarian cancer detection strategies, chemoprevention agents and prophylactic
surgery are needed. At the very least we need a structure for gathering data in all
cases where a genetic risk is likely and leads to medical intervention at any level
such that in the future we may have evidence of benefit in addition to the wealth of
expert opinion that informs current practice.
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Most countries now have services for familial cancer genetics, but these vary

considerably (Harris, 1998; Hodgson et al., 2000). There are, broadly, three

potential approaches for developing a clinical service in response to the growing

evidence of the links between inherited genetic factors and the risks of developing

breast and ovarian cancers:

1 An ad hoc system of providing advice to patients, i.e. ‘demand led’

2 The development of a selective system of screening patients who are estimated
to be at relatively high genetic risk of developing these cancers

3 The establishment of systems of population screening to identify patients at
increased risk

Over the last few years, many clinics worldwide have been providing advice to

patients with a family history of cancer through clinics in an ad hoc and uncoor-

dinated manner, funded largely through ‘soft money’. The resources available

have not kept pace with the rapid growth in demand, and this is reflected in the

sharp increase in waiting times for appointments in recent years.

Only 5% of breast and ovarian cancers are thought to be due to a strong
inherited susceptibility. A process of selection of individuals who are estimated to
be at high risk on the basis of their family history for screening for cancer is a more
pragmatic approach than screening the general population. However, it is import-
ant to demonstrate clearly the benefit of such surveillance programmes before this
can be advocated on a large scale (Scottish Office Home and Health Department,
1998).
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Identification of individuals with a genetic predisposition to cancer

The basic aims of genetic management for breast and ovarian cancer risks are:

* To identify individuals who are at a significantly increased genetic risk of
inherited cancer

* To provide advice and counselling to individuals about their risks of developing
cancer

* To establish evidence-based protocols for the surveillance and management of
individuals and families at increased risk, which will reduce morbidity and
mortality rate from these diseases

* To provide patients affected with cancer that is associated with a genetic
predisposition with appropriate genetic counselling and management

Primary care

Given the growing awareness and demand for advice on familial aspects of cancer

and the limited resources available to meet this demand, primary care and breast

clinics should be provided with guidelines to resolve enquiries relating to inherited
aspects of common cancers. The specialist services should be reserved for known
familial forms of the more common cancers (only a minority of the total
caseload), for other high-risk situations, and for cases where primary care profes-
sionals themselves consider specialist referrals to be desirable (Emery et al.,
1999a).

The main roles of primary care or breast clinics for patients with a family history
of cancer would ideally be as follows:

* To record relevant family history information concerning clinical conditions,
including cancer, as part of a new patient registration, using computer-based
systems as appropriate

* To hold (or to be able to obtain rapidly) information concerning the current
clinical management policy for cancer genetics in each region, including the
feasibility and availability of genetic testing

* To be able to use agreed guidelines to identify individuals at low, moderate and
high risk of inherited cancer

* To convey to individuals, especially those at low risk, accurate risk information
in a sensitive and supportive manner (low risk individuals can be reassured and
moderate risk individuals referred for appropriate advice)

* Where genetic risks are likely to be high, to refer individuals to specialist cancer
genetics teams, especially those individuals with rare familial cancer syndromes

* To provide ongoing support to individuals who are significantly distressed by
their cancer family history, and refer them for specialist help if necessary
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* To form a partnership between primary care and breast clinics and the specialist
genetics clinics, to ensure that referral guidelines are locally appropriate and
that educational material is relevant for all members of the primary healthcare
team

However, at present in many primary care settings, there is insufficient manpower
to administer such a system efficiently. This role could also be provided by the
family history clinics in cancer units with such clinics, which are staffed by
experienced/trained genetic counsellors who would maintain links with the gen-
etics centres. National guidelines would need to be provided to enable primary
care staff to identify the minority of individuals who will require specialist referral,
to arrange appropriate management/referral for moderate-risk individuals and to
reassure those at low risk.

Genetic counsellors/genetic nurses

Genetic counsellors (or genetic nurses) can play a key role in linking the work of
primary care staff with the cancer genetics centres, and would be trained in the
clinical genetics centres and would maintain close links with them. They would
provide advice and expertise to primary care staff on the use of computer-based
information systems and risk estimation programmes, and would also contact
patients to assess their family history. Genetic counsellors often have a science
background and may therefore be better placed to discuss the genetic aspects of
cancer. However, the wide experience that genetic nurses have in dealing with
patients may also make them suitable for this work. Genetic counsellors may have
obtained an MSc in genetic counselling and may have followed training or a
module in cancer genetics and pedigree risk evaluation. Career structures and
training for genetic counsellors is being developed (Skirton et al., 1998).

In some centres, genetic counsellors from the genetic centres undertake clinics
in regional centres and train nurses in pedigree taking and evaluation. Subse-
quently, those local nurses who use standardized family history forms and recog-
nized risk-evaluation flow diagrams may run such clinics. They can then refer
high-risk individuals to the genetics centres, discharge low-risk individuals and
maintain moderate-risk individuals on audited surveillance protocols in their
unit, with facilities for centralized computerized follow-up of outcomes. Any
problematic cases are referred to the genetics centres.

Guidelines for risk estimation in individuals with a family history of cancer

Calculation of risk of breast cancer
In families where there is no clear-cut Mendelian genetic predisposition, empirical
risks for breast cancer may be calculated based on the age at diagnosis of breast
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Table 11.1. Importance of genetic predisposition to breast cancer

Age at onset Percentage due Percentage due

of cancer to genetic to other

(years) susceptibility factors
Isolated cases 25 40 60

35 25 75

45 12 88

55 8 92

65 4 96
With two affected sisters 35 90 10

(mean age in years) 45 62 38
55 38 62
63 13 83

From Murday (1994).

cancer in first-degree relatives in studies carried out by Houlston et al. (1991) in
the UK and by Claus et al. (1996) in the USA. Where more than one relative is
affected various studies have produced figures for the relative risks to individuals
(Table 11.1; Murday, 1994).

Computer-aided risk estimation

Many geneticists and clinicians collect and analyse data using pedigree drawing
software with tools for managing genetic data concerning patients with inherited
diseases or disorders. Programs such as Cyrillic provide unique tools for many
aspects of working with genetic data. It facilitates the entering of individual and
family data, creating family trees, displaying genetic data and making risk calcula-
tions. However, it is far too complicated for use by most GPs and provides
inaccurate risk estimations in some types of family history.

For the majority of individuals with a family history of cancer, no specific gene
mutations will have been identified as being causative. In such cases, data from
epidemiological studies must be used to calculate the risks to relatives of those
affected with cancer. Where a single relative is affected with breast cancer, data
from the Claus et al. (1996) study may be used to calculate the risk to first-degree
relatives, and similar studies allow estimation of the probability of a cancer
susceptibility gene being involved when two first-degree relatives are affected with
breast cancer, depending on the mean age at diagnosis. Such data can then be
combined using a Bayesian calculation to determine the residual risk to the
consultand based on their age, etc.
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To expedite such calculations and to allow comparative methods to be utilized
in different centres for the calculation of risk, various computer programs have
been developed for calculating risk of breast cancer based on a range of family
histories, e.g. the RAGS program (Emery et al., 1999b). However, many individ-
uals in primary care and cancer units may find it impractical to use computer-
aided techniques and prefer broader guidelines.

As it is likely that many referrals to clinics will, in the future, be made via the
family doctor, it would be useful to have programs of varying complexity. Such
programs have the potential to allow guidelines for referrals based on the availabil-
ity of local resources to be distributed to family doctors, providing them with the
information to ensure that their referrals are appropriate for the local clinic.

Guideline-based risk estimation

In Part 2, Chapters 5 and 6, other models of risk estimation are discussed. Those
given below in Tables 11.2—-11.6 are from the approach taken in Scotland (Tables
11.2-11.8) and in Guy’s Hospital, London (Tables 11.9, 11.10), where a guideline-
based approach with regular audit has been implemented. This approach is based
on evidence for both risk categorization and best practice, as evidence for manage-
ment is accumulated. In Scotland, previous guidelines were produced for the
management of breast cancer and these included recommendations for the man-
agement of high-risk individuals. As a result, the current guidelines as presented in
Tables 11.2—11.8 are based on these (Scottish Office Home and Health Depart-
ment, 1998; Emery et al., 1999b; Hodgson et al., 2000a).

Genetic counselling of “at risk’ individuals and families

Genetic counselling may be described as the process of determining the occur-
rence, or risk of occurrence, of a genetic disorder within a family, communicating
the results of the pedigree and risk assessment and providing appropriate non-
directive information and advice about future courses of action.

Effective genetic counselling rests upon the establishment of a careful, detailed
family history, recorded in the form of a pedigree chart in order to determine
assessment of risk. The likelihood of a genetic susceptibility can be calculated with
reference to published data on risk assessment and information on the number
and age of affected individuals. The risk to the patient is dependent upon their
relationship to the affected family members and their own age at interview.

Genetic counsellors should educate and support ‘at risk’ individuals within
families, encourage health promotion practices, reassure those who over-estimate
risk, and monitor psychological adjustment, referring to a psychiatrist if necessary.
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Table 11.2. Patient management: a 5-step process

Step 1

Referral process

Step 2
Confirmation of

family history

Steps 3 and 4

Risk stratification

Step 5
Management

and counselling

* Referrals of

individuals with
family/personal
history of cancer
may come from GPs
or other clinicians.

* Most referrals will
come direct to the
RGU and this is the
preferred route to
prevent inappropriate
referrals to clinics
such as the
symptomatic breast
clinic.

* Where possible, the
genetic counsellors
should preview the
referral letters and
apply the guidelines,
classifying low,
medium and high risk
as appropriate.

¢ Referrals falling
outside the current
guidelines but
possibly suggestive of
a high-risk situation
should be discussed
with the consultant in
charge of the RGU.

* Genetic counsellors
should contact
referred individuals
prior to their first full
appointment to
obtain a full history
with details of cancer
cases in the family.

* Where possible,
deceased case
diagnoses should be
confirmed using an
appropriate source
such as the Scottish
Cancer Registry.

* Consent should be
sought from living
affected relatives, to
confirm and specify
diagnosis, and a full
pedigree produced
with risk calculation
by a standard genetic
analysis (CYRILLIC

3) for audit purposes.

* Specific guidance on * Specific guidance on

risk stratification and
counselling for breast,
ovarian and colorectal
cancer is set out in
Tables 11.1-11.3,

the management of
low-, medium- and
high-risk individuals
for breast, ovarian

and colorectal cancer

identifying is set out in Tables

individuals who 11.4-11.6.
should be classified * The management of
as: all high-risk
(1) low risk (not individuals is carried
fulfilling a out through a process
category within of gene testing and
the guidelines), screening.
(2) medium or high * For high-risk
risk (fulfilling the individuals, surgical
criteria). management may be
Notes considered.
1. Clearly, as family Notes

history evolves and
is confirmed or
refuted, individuals
may move from
apparent high risk to
medium or low, and

vice versa.

. It is also important

that families are
encouraged to
re-contact the RGU
if the family history
changes following

initial counselling.

1. It is anticipated that
cancer-managed
clinical networks will
include individuals
with specific
expertise in the
surgical management
of cancers in

high-risk individuals.

RGU, regional genetics unit.

Tables 11.2-11.8 = Scottish guidelines.
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Table 11.3. Risk stratification and counselling for breast cancer

Low risk

Medium risk

High risk

Risk stratification
* Anyone not fulfilling medium- or
high-risk criteria

Counselling

Individuals deemed at low risk will be

informed either by:

¢ Communication with referring
doctor, who can reassure the
patient;

* Telephone consultation with the
genetic nurse associate, followed by
letter with a copy to the GP;
or

* Face-to-face consultation with the
genetic nurse associate, followed by
letter to the patient and the GP;

Individuals deemed to be too low
risk may be offered a single
appointment for breast
examination by a surgeon in certain
centres, and again the effect of the
intervention on level of satisfaction

will be assessed as above.

One first-degree relative with
bilateral breast cancer

One first-degree relative with
breast cancer at <40 years
or, male at any age

Two first-degree relatives or
first- and second-degree
relative with breast cancer
diagnosed under 60 years or
ovarian cancer at any age on
same side of family

Three first- or second-degree
relatives with breast cancer
or ovarian cancer on same
side of family (at least one
first-degree relative unless

history via father)

Individuals deemed to be at
medium risk will be
counselled by the genetic
counsellor, who will discuss
with them appropriate

information.

Women with a family history that
predicts a likelihood greater than
60% that a predisposing cancer
gene of high penetrance is operative
Gene carriers (e.g. BRCAI, BRCA2,
p53, PTEN)

Untested first-degree relatives of
gene carriers

Women with first-degree relative
(or second-degree via intervening
male relative) in a family with four
or more relatives affected with
breast cancer (bilateral breast
cancer being counted as two) or
ovarian or male breast cancer in
three generations

Women with one first-degree
relative (or second-degree via
intervening male relative) with

breast and ovarian cancer

Individuals deemed to be at high
risk will be counselled by the
clinical genetic physician in the

genetics centre.
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Table 11.4. Management of breast cancer

Low risk

Medium risk

High risk

¢ Reassurance

* Healthy lifestyle advice

¢ Return to GP care

* Advise to report any
symptoms or changes in
family history promptly

¢ If family history of breast
cancer, letter and leaflet
about breast awareness

for female patients

Mammogram (and
ultrasound as appropriate)
at breast screening centre,
as follows:
¢ Every 2 years intervals for
women aged 35—40 years
¢ Annually for women
aged 40-50 years
* Thereafter, women enter
the national screening
programme and are
screened at 3-yearly
intervals until 64 years of
age
Physical examination by
breast clinician annually for
women aged 35-50 years
(Screening from 5 years
younger than the youngest
case but not younger than 35
years, or older than 40 years,

as indicated)

Mammogram (and ultrasound

as appropriate) at breast

screening centre as follows:

Every 2 years for women
aged 35—40 years (or
possibly earlier)

Annually for women aged
40-50 years

Every 18 months for women
aged 50—64 years, through a
breast screening programme
Every 3 years for women

aged over 65 years

Physical examination by breast

clinician annually for women

aged 25-64 years

(Screening from 5 years younger

than the youngest case but not

younger than 25 years, or older

than 35 years)

Gene testing

Following counselling by a

clinical genetics physician, gene

testing should be available to

all high-risk families and

predictive testing offered to all

at-risk individuals within these

families.

Surgical management of high-risk individuals

* In unaffected women, continued screening will probably be the preferred option, but

prophylactic surgery may be considered in particularly high-risk cases.

* Affected individuals are offered the range of surgical and other therapeutic options, as

appropriate. These include: lumpectomy followed by radiotherapy or chemotherapy,

mastectomy with preservation of nipple and subsequent adjuvant therapy, reconstructive

surgery, contralateral prophylactic surgery, and prophylactic oophorectomy.

(It is anticipated that cancer-managed clinical networks will include individuals with specific

expertise in the surgical management of cancers in high-risk individuals.)
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Table 11.5. Risk stratification and counselling for ovarian cancer

Low risk

Medium risk

High risk

Risk stratification

* Anyone not fulfilling
medium- or high-risk criteria

* Individuals with a single
first-degree or second-degree
relative by their father, who

have presented at any age, are

not appropriate for screening.

Counselling

Individuals deemed at low risk

will be informed either by:

* Communication with the
referring doctor, who can
reassure the patient;

* Telephone consultation with
the genetic nurse associate,
followed by letter with a copy
to the GP;
or

* Face-to-face consultation with

the genetic nurse associate,
followed by letter to the
patient and the GP.

Two or more first or first- and
second-degree relatives with
ovarian cancer at any age
Two first or first- and
second-degree relatives with
ovarian cancer at any age or
breast cancer diagnosis under
50 years (i.e. one of each type
of cancer)

One ovarian cancer and two
breast cancers diagnosed
under 60 years on same side
of family in first-degree
relatives or second-degree
relatives via a male

Two first- or second-degree
relatives with colorectal
cancer and an endometrial
cancer and one ovarian cancer
One affected relative with
ovarian cancer and HNPCC

family history

Individuals deemed to be at
medium risk will be
counselled by the genetic
counsellor, who will discuss
with them appropriate
information.

* Women in a family where

BRCA1I, BRCA2, hMLH1,
hMSH?2 or other predisposing
gene has been identified

* Untested first-degree relatives

of gene carriers

* A woman with at least one

first-degree relative with

breast and ovarian cancer

¢ Individuals deemed to be at

high risk will be counselled by
the clinical genetic physician

in the genetics centre.
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Table 11.6. Management of ovarian cancer

Low risk

Medium risk

High risk

* Reassurance

Healthy lifestyle advice

Return to GP care

or changes in family history

promptly

Advise to report any symptoms

Screening is performed from

35 years of age or 5 years

younger than the youngest

affected member of the family.
This should include:

Appointment with a
gynaecological oncologist
Yearly transvaginal
ultrasound

Yearly CA125 estimation
Discussion of prophylactic
oophorectomy

Entry into UKCCCR Trial (if
women have a history of
both breast and ovarian
cancer, or a family history of
ovarian cancer only, or
family history consistent
with HNPCC with ovarian
cancer in the family)

(The limitations of ovarian

screening should be explained to

all women in this category.)

Such women are screened as for medium

risk. Screening is performed from 35

years of age or 5 years younger than the

youngest affected member of the family.

This should include:

* Appointment with a gynaecological
oncologist

* Yearly transvaginal ultrasound

Yearly CA125 estimation

* Discussion of prophylactic

oophorectomy

* Entry into UKCCCR Trial (if women
have a history of both breast and
ovarian cancer, or a family history of
ovarian cancer only, or family history
consistent with HNPCC with ovarian
cancer in the family)

* Possible screening of other organs
depending on family history

(The limitations of ovarian screening

should be explained to all women in this

category.)

Gene testing

Following counselling by a clinical
genetics physician, gene testing should be
available to all high-risk families and
predictive testing offered to all at-risk

individuals within these families.

Surgical management of high-risk individuals

* In unaffected women, continued screening will probably be the preferred option, but prophylactic surgery may

be considered in particularly high-risk cases.

* Affected women are treated along conventional lines, as for best management of sporadic ovarian cancer.

(It is anticipated that cancer-managed clinical networks will include individuals with specific expertise in the

surgical management of cancers in high-risk individuals.)
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Table 11.7. Risk stratification and counselling for colorectal cancer

Low risk Medium risk High risk

Risk stratification

* Anyone not fulfilling * One first-degree relative * Gene carriers of HNPCC
medium- or high-risk with colorectal cancer mutation

criteria diagnosed under 45 years

Two affected relatives (one
affected under 55 years and
one a first-degree relative)

of subject

Three affected relatives
with colorectal or
endometrial cancer who
are first-degree relatives of
each other and one a
first-degree relative of

subject

Two affected first-degree
relatives (one affected

under 55 years)

Counselling

Individuals deemed at low Individuals deemed to be

risk will be informed either at medium risk will be

by: counselled by the genetic

Communication with the
referring doctor, who can
reassure the patient;
Telephone consultation
with the genetic nurse
associate, followed by
letter with a copy to the
GP,

or

Face-to-face consultation

with the genetic nurse

associate, followed by letter
to the patient and the GP.

counsellor, who will
discuss with them

appropriate information.

Untested first-degree
relatives of gene carriers
People with a family
history compatible with
HNPCC

Individuals deemed to be
at high risk will be
counselled by the clinical
genetic physician in the

genetics centre.
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Table 11.8. Management of colorectal cancer

Low risk

Medium risk

High risk

Reassurance

Healthy lifestyle advice

Advise to report any symptoms

or changes in family history
promptly

Return to GP care

Screening comprises:

* A single colonoscopy at
30-35 years; if findings are
normal this need not be
repeated until 55 years of
age.

* Incomplete colonoscopy
should be followed by a
barium enema, preferably at

same hospital attended.

Screening comprises:

Colonoscopy every 2 years from age 30
years of age or 5 years younger than the
youngest affected member of the
family, until 70 years of age.
Discussion of prophylactic surgery, if
recurrent polyps are identified; total
colectomy, with rectal sparing and
ileorectal anastomosis, is the best
option.

Consideration needs to be given to
screening for other cancers that may
occur in specific families and that are
part of the HNPCC spectrum.

Gene testing

Following counselling by a clinical

genetics physician, gene testing should
ideally be available to all high-risk

families and predictive testing offered to

all at-risk individuals within these

families.

Surgical management of high-risk individuals

In unaffected individuals, continued screening will probably be the preferred option, but prophylactic surgery

may be considered in particularly high-risk cases where recurrent polyps are identified on repeat screening.

Affected subjects should undergo resection of tumour with a major portion of contiguous bowel to decrease the

risk of other tumour recurrence. Adjuvant therapy may subsequently be used and regular surveillance of any

remaining large bowel is essential.

(It is anticipated that cancer-managed clinical networks will include individuals with specific expertise in the

surgical management of cancers in high-risk individuals.)

Management of patients with established colorectal cancer (high risk)

These individuals require more extensive resection to reduce the risk of metachronous tumours. Colonic tumour

is best treated by colectomy with ileorectal anastomosis; surgery for rectal cancer usually comprises extensive left

hemi-colectomy with anterior resection.

Consideration also needs to be given to screening for other cancers that may occur in specific families and that are

part of the HNPCC spectrum. Details of these are given in Table 11.9.
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Table 11.9. Other cancers in HNPCC families

Endometrial and ovarian cancer

Discuss annual gynaecological screening. There is no established method for endometrial
cancer screening and no available data on efficacy. Some centres offer clinical examination,
transvaginal ultrasound and endometrial biopsy. Experience in familial ovarian cancer
indicates that ovarian screening is of doubtful efficacy. There is a good case for the avoidance
of screening outside of research studies.

Discuss prophylactic hysterectomy and bilateral oophorectomy. This should be done by a
gynaecologist and a full-operative discussion of surgical risks/potential benefits is essential.
There is no clear evidence of benefit, but surgery may be preferable to pelvic screening for
women who are past reproductive age, particularly if there is no history of gynaecological

cancer in the family.

Gastric cancer
Offer 2-yearly upper GI endoscopy, contemporaneous with colonoscopy: aged over 50 years
or 5 years younger than the first case in the family. There are no available data on benefit, so

this is a good case to recommend the avoidance of screening outside of trials.

Management of patients in medium- and high-risk categories
Having identified those patients who are at medium or high risk of developing
breast or ovarian cancer, the next issue to consider is their appropriate manage-
ment (Burke et al., 1997). This is considered in greater detail in Part 3.

For patients in the high-risk group — a relatively small number — regional
genetics clinics would provide counselling about the potential for predictive
testing, the availability of systematic surveillance, and other potential forms of
management and their relative advantages and disadvantages (Eeles, 1996; Gold-
gar et al., 1996; Stratton et al., 1997).

Patients who are carriers of the genetic mutations that are known to be
associated with a significantly increased lifetime risk of breast or ovarian cancer
may wish to consider prophylactic surgery in addition to systematic surveillance.

Screening for breast and ovarian cancer has not been proven to prevent the
occurrence of cancers, although preliminary evidence is accumulating to support
the benefit of such screening (Kerlikowske et al., 1996; Mgller et al., 1999).

Any estimates of cost-effectiveness take into account the potential saving in lives
and the costs of regular screening. Clearly there are other considerations that
would also have to be taken into account in a full assessment of the costs and
benefits of screening people with a family history of breast, colorectal or ovarian
cancer:

* In so far as screening enables cancers to be detected at an earlier stage, there are
benefits to patients who may receive less radical treatment than would otherwise
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have been required. This may also reduce the costs of treatment.

* There are usually some risks associated with screening methods. In the case of
breast and ovarian cancers, the risks associated with screening may be quite
small. However, false-positive results may lead to investigative intervention,
which in itself may carry a morbidity and mortality rate, albeit small, that is
related to the accompanying anxiety provoked.

* The genetics clinics and the regular screening programmes may provide reas-
surance to patients. Although screening programmes may sometimes raise
anxiety levels in patients, it should be borne in mind that the reason for
referring patients to genetics clinics is that they are already likely to have raised
anxiety levels because of their knowledge of their family history.

The individual and the individual’s extended family

Any assessment of the genetically determined risk of cancer for an individual will
inevitably require the assembly of detailed information about that individual and
their extended family. In this context, information contained in the Cancer
Registration and Scottish Morbidity Records Schemes and the Registrar General’s
mortality data archives provides an invaluable resource for the construction of
family histories. Exploitation of these national data banks and other local data
collections is now much more readily achievable because of the viability of
sophisticated computer technology and record linkage techniques (Stratton et al.,
1997). These allow rapid systematic search and retrieval of personal and family
information.

However, the availability of such techniques carries both benefits and risks.
Their use raises not only confidentiality and legal questions but also has ethical
implications. The latter require a sensitive but balanced approach. It is essential to
protect the interests of the individual and members of their extended family who
may not know or wish to know that they are considered to be at risk. On the other
hand, imposition of excessively rigid constraints on the use of this information
may deny potential benefits to individuals and society.

Costs and benefits

The types of costs and benefits associated with proposed screening programmes
are presented in Table 11.12.

The costs of screening people with a family history of cancer include the
resources required for the education and training of primary care staff, the costs of
the genetics clinics and the screening procedures, and the costs of treating cases
identified as a result of screening. The costs of screening also include any increase
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Table 11.12. Evaluation of process

Costs Benefits

Education and training for primary care staff, = Provision of information that reassures

and health information leaflets for patients patients

Genetics clinics Savings in life years

Raised anxiety levels in patients Improvements in quality of life
Management protocols Treatment for advanced cancer avoided

Risks associated with screening methods,
including false-positives and subsequent
investigations

Treatment

in anxiety levels in patients and the risks of morbidity and mortality caused by the
screening procedures.

The benefits of screening include reductions in morbidity and mortality, sav-
ings in treatment costs because of the prevention of cancers or their detection at an
earlier stage, and reassurance provided to patients.

The likely uptake and compliance with screening programmes is uncertain.
There is some evidence concerning the effectiveness of such screening pro-
grammes in detecting or preventing cases of cancer in people with a family history;
however, there is no evidence at present about the effect of screening on longer
term mortality rates. The resource implications of these screening programmes are
also uncertain (Caulfield, 1995).

Genetic testing

The principle of informed consent
The decision as to whether or not genetic testing should be carried out in
individual cases does not lie solely with the responsible clinician. The final
decision must rest upon the informed consent of the individual.

This means that patients must receive sufficient information, in a way that they
can understand, concerning the proposed management, the possible alternatives
and any risks. The information must be given in a non-directive manner, so that
they themselves can make a balanced judgement. They must be allowed to decide
whether they will agree to the treatment, and they may refuse or withdraw consent
at any time.

The principle of informed consent requires not only full counselling before
genetic screening, but also public education in human genetics, to counteract
media or commercial over-simplification of the issues involved.
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Apart from the entitlement to sufficient information, it has to be borne in mind
that in many cases individuals being offered genetic screening are not ‘patients’, as
normally understood by that term. They are probably healthy people who may
well not have previously been aware of the possibility of future serious disease for
themselves and/or their families beyond the normal awareness of age-related
disease/infirmity.

The key ethical principles of a genetic counselling service, as described in the
Nuffield report (Nuffield Council on Bioethics, 1993), emphasize:

* the voluntary nature of genetic testing, and the freedom and responsibility of
the individual or couple to decide;

* the importance of ensuring that the individual (or others) who is offered genetic
testing understands the purpose of the test and the significance of a positive
result;

* an assurance of confidentiality in the handling of results, coupled with an
emphasis on the responsibility of individuals with a positive (abnormal) result
to inform partners and family members; and

* the fact that consent to genetic testing, or to a subsequent confirmatory test,
does not imply consent to any specific treatment, or to the termination of a
pregnancy.

The report also stresses the need for special safeguards in certain instances where

truly informed consent may not be possible, viz:

* in the case of minors;

* in the case of the mentally ill and those with severe learning difficulties;

* in cases where the individuals do not speak English. In this instance, the
importance of the availability of interpreters is emphasized.

Many of the key ethical principles discussed by the Nuffield Council are reiterated

in the Report of the Select Committee on Science and Technology (Shaw, 1995).

The committee made specific mention of two issues of considerable importance in

relation to the diagnosis of late-onset disorders:

1 People coming forward to be tested for a late-onset condition must first be
given extensive counselling concerning both the medical and social implications
of a positive result. There must be adequate provision for follow-up counselling
and support.

2 Children should not have a genetic diagnosis for a late-onset disorder. Such a
diagnosis is only justifiable if those requesting it have fully considered all its
implications.

The impact of cancer genetic counselling and testing on mental health is not well

known to date but reported reactions to cancer risk assessment include denial, low

self-esteem, guilt and anxiety. The impact on families is even less well documented
but it is possible to infer from other genetic programmes, such as Huntington’s
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disease, that the implications may be considerable in terms of psychological
morbidity.

Disclosure of test results

An individual that has consented to genetic screening has a right to know the
outcome and the attendant implications. In considering disclosure of informa-
tion, those responsible should analyse very carefully the anxieties attached to the
particular situation. In some instances, positive results may not necessarily indi-
cate clinical implications and disclosure could lead to needless worry on the part
of the individual concerned. In other cases, disclosure of results may not necessar-
ily be covered by the informed consent itself, for example when unexpected results
are obtained that were not foreseeable at the time of primary counselling on the
advisability of genetic screening. Failure to disclose information obtained, as it
were ‘accidentally’, and for which specific informed consent had not been ob-
tained, raises another ethical dilemma.

Another aspect of this particular situation is where samples are stored, perhaps
for re-testing, for research purposes for future diagnostic requirements. The
Nuffield report (Nuffield Council on Bioethics, 1993) is quite specific both as to
the requirement to obtain an individual’s consent for such uses and on the need
for effective methods of security and confidentiality of stored genetic material.

Because ethical and practice problems may arise from the future testing of
stored specimens, for example as new tests become available, it is essential that
very careful consideration is given as to how such stored genetic material is to be
used. Again, the confidentiality and security of stored samples is of paramount
importance.

Harper (1993, 1995) has devised a proposed code of conduct for the use of
research samples from families with genetic disease. When offering genetic testing
services to individuals and their families, all of these aspects would have to be
taken into full consideration, in advance, and would form part of the accom-
panying counselling and a truly informed consent from the individual(s) con-
cerned.

The possible effect on marital and family relationships must also be considered.
The genetic consequences for children — born or unborn — may have serious
repercussions on marriage and other family relationships. Such families may often
require extensive support to help prevent the breakdown of relationships and its
consequences.

Individuals who are tested (with a positive outcome) at a time of life when they
have still to make decisions about parenthood face the added dilemma of making
difficult choices against the background of the genetic risks now known to them.

Once positive results have been obtained, individuals facing the problems of
increased personal anxiety about their future health have the added worry of
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deciding whether or not to give consent for disclosure to other members of their
families.

The ethical dilemmas inherent in this situation are daunting. The main issues
that need to be addressed are:

* What information should be shared with other family members who may be at
risk?

* With whom does the responsibility lie for imparting information?

* Who should initiate the appropriate investigation and counselling of these
individuals?

Such decisions require careful consideration. Any benefits to members of the

family being given such information and the ‘right to know’ must be weighed in

the balance against the disadvantages to them of being given information that may

cause anxiety and that they did not seek in the first place. Disclosure also carries

with it the loss of confidentiality (of the individual’s personal medical informa-

tion) and an attendant loss of his/her rights to personal privacy, as outlined in

Article 8(1) of the European Convention on Human Rights.

The implications of positive results for other members of the family should
always be discussed with the individual tested. The potentially serious implica-
tions of such results for a family pose difficult ethical problems in, on the one
hand, applying the long-standing principle of confidentiality between the profes-
sional and the individual concerned against, on the other, the need to disclose
genetic information that may be vital to the well-being or future of other family
members.

Ethical issues

For the individual, the ethical implications arising from the ability of technology
to provide genetic test information about late-onset and disease-susceptibility
disorders are more complex than those arising from early-onset single-gene
disorders. Much depends on the likelihood and time-scale of events. This, in turn,
depends on many as yet unknown or inherently unpredictable factors, only some
of which are genetic.
Key considerations are:
* theindividual and individual’s extended family — their needs and confidentiality
issues
* equity of access
* the legal protection of genetic information
* employment issues
* insurance issues
* stigmatization
* the implications of testing by commercial organizations
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Equity of access
The general public should have equity of access to all genetic testing, counselling
and surveillance programmes agreed and established nationally. Such pro-
grammes must also be supported by the provision of adequate treatment and
follow-up services.
Cancer genetics services should be subject to a full and regular evaluation,
which includes an assessment of equity of provision to the target population.
In the UK, confidentiality and security of genetic information is covered by:
* the common law of patient confidentiality
¢ the Data Protection Act (1984)
¢ the Access to Health Records Act (1990)
* professional codes of conduct, including guidance from the General Medical
Council
However, the duty of confidentiality placed upon all employees in the NHS may,
in exceptional circumstances and if it is felt to be in the public interest, be
overridden on a case-by-case basis by medical practitioners.

Employment issues
The Nuffield report (Nuffield Council on Bioethics, 1993) states that the use of
genetic screening by employers in the UK has so far not given any cause for
concern. However, there may be special circumstances in which occupational risks
may endanger health.

Insurance issues

Predictive cancer genetic testing plays an extremely small part in life insurance
assessment. Only if there is a strong positive family history and/or a known
mutation in key genes (e.g. BRCAl, BRCA2 or TP53) would insurers seek to
charge higher premiums or to decline insurance. In February 1997, the Associ-
ation of British Insurers (ABI) in the UK made a public announcement that for 2
years’ life insurance, which was to be used to cover a mortgage for the individual’s
own house (and for a sum less than £100000), no genetic test results would be
used, even if these were adverse. Insurers wished to hear of any abnormal test
results, however, in order to audit and monitor this change. However, in the UK
recently, the ABI has obtained consent for the use of genetic test results for
Huntington’s disease by insurers; other genetic conditions will be considered in
this way in the future.

The Select Committee on Science and Technology (Shaw, 1995) urged those
involved to find ways of regulating the use of genetic information in insurance so
as to protect the interests of society and enable as many people as possible to
obtain insurance, as well as to protect the insurance companies. The committee
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recommended that the insurance industry be given 1 year in which to propose a
solution that was acceptable to all parties. Recently, the Genetics Advisory and
Insurance Committee (GAIC) decided to allow insurers to use Huntington’s
disease test results in fixing life assurance premiums (Major, 2000).

Stigmatization

The avoidance of stigmatization arising from genetic screening programmes must
form part of the debate on the way forward. Adequate safeguards covering
confidentiality and security, soundly based informed consent, and careful
monitoring of genetic testing and screening programmes should help in this
respect.

However, consideration must also be given to raising the level of consciousness
among the general population via appropriate health education measures.

Regulation of commercial testing facilities

A number of laboratories currently offer commercial genetic testing for certain
disorders and telephone counselling direct to the public. This may lead to inap-
propriate tests and a lack of adequate counselling and follow-up. The Select
Committee on Science and Technology called for these laboratories to be regu-
lated through a process of protocol review and licensing (Shaw, 1995). The
Advisory Committee on Genetic Testing has drawn up a code of practice and
guidance on human genetic testing services offered direct to the public.

Education and training

Primary care staff have a key role to play in providing advice to patients who are
concerned about familial risk and in identifying those patients who require the
more specialized advice of genetics clinics. To assist primary care staff in carrying
out this role, guidance and training would need to be provided about the criteria
to be used for identifying those patients at increased risk of developing breast and
ovarian cancers.

The costs of providing guidance and training for primary care staff have not
been estimated. However, they are likely to be relatively small. They would include
the costs of providing printed guidance on the criteria that should be used to
identify patients at increased risk, the costs of carrying out training sessions for
primary care staff, and the costs of providing information leaflets and letters for
patients.

Similarly, training for nurses and counsellors could be dealt with by specific
modules and clinical attachments for a few months, facilitating continuing liaison
with genetics clinics to be offered ongoing support.
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Implementation

If the screening programmes outlined earlier in this report are to be implemented

successfully, there are a number of key tasks that need to be carried out. The main

changes required for the implementation of these changes are as follows.

Evaluation

Guidelines should be prepared on the criteria that should be used by primary
care staff to assess whether individuals are at low, medium or high risk of
developing breast, colorectal or ovarian cancer.

Training should be provided to primary care staff on the use of criteria for
assessing familial risk.

Appropriate management protocols should be agreed for regular screening of
people considered to be at medium or high risk of developing cancer.

Funding should be identified and provided both for the genetics clinics and for
the screening programmes required by people who are assessed at medium and
high risk.

Appropriate screening programmes should be implemented for people at me-
dium or high risk of developing cancer.

Patients should have access to appropriate counselling services.

A database of families at increased risk should be maintained to facilitate
evaluation and research.

A programme to evaluate screening outcomes of individuals at increased risk
should be established.

There are many uncertain aspects to the proposed system of screening people at

significantly increased risk of breast and ovarian cancer, and it is essential that the

clinical and cost-effectiveness of these services should be subject to thorough

evaluation. A detailed and comprehensive programme of evaluation should be

drawn up and implemented within an agreed national framework (Harper, 1995).

The main issues that need to be evaluated include the following:

The effectiveness of the guidance and support provided to primary care or
breast clinics. For many people who are at increased familial risk of cancer, the
first point of contact will be with primary care or breast clinics, and it is
important that the guidance and support provided to primary care staff enable
them to make a proper initial assessment of risks and to avoid inappropriate
referrals to genetics clinics.

In some countries, the cancer care is separated into cancer units (secondary
care) and cancer centres (tertiary care) facilities. The genetics clinic may work
closely with the cancer centre while the cancer unit may be staffed by genetic
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nurses and counsellors with additional training in the identification and care of
high-risk individuals.

* The effectiveness of genetic counsellors (or genetic nurses) in providing appro-
priate support to primary care and in assessing the risk of referred individuals.

* The effectiveness of screening programmes in detecting cases of cancer. This will
require monitoring of the number of cancers detected per 1000 patients
screened, and the number of interval cancers occurring among the screened
population, and the false-positive rate. This monitoring of information should
be done within different age bands so that an assessment can be made of the
appropriateness of the age ranges covered by the screening and the screening
frequency. Computerized systems for audit of surveillance outcomes are essen-
tial for assessing the long-term efficacy of follow-up in relation to risk estimate.

* The appropriateness of the criteria used to assess people at medium or high risk
on the basis of their family history. A relatively low detection rate (together with
other criteria) may suggest that the family history criteria need to be reviewed.

* The risk of complications associated with the screening procedures, especially
the risks associated with colonoscopy. In addition to the risks of procedures
used for the diagnosis of cancer, there is also a risk from false-positive findings
on screening.

* The effects of screening programmes on mortality rates. This is a crucial
measure of the effectiveness of screening of individuals at increased risk of
cancer.

* The effects of screening on anxiety levels in patients. It is important that the
effectiveness of screening programmes in providing reassurance to people
concerned about familial risks of cancer should be assessed.

The clinical and cost-effectiveness of the proposed screening programmes will
need to be evaluated over a period of several years. Some aspects — for example, the
effect on mortality rates — can only be evaluated over a long time-scale, but other
aspects may be evaluated within a shorter time-scale. It would be appropriate for
there to be a clear and agreed programme of evaluation established at the outset of
any such programme so that proposed screening systems can be managed effi-
ciently and effectively.

* In planning the development of services for people with a significant family
history of cancer, it would be important to recognize that the major part of the
extra costs in the medium term will consist of the screening programmes.

* Some individuals, who might have been enrolled onto surveillance protocols
prior to genetic assessment, may be found to be at low risk after such assessment
and may then be reassured, thus saving healthcare costs of surveillance.

* The estimated screening costs are based on the full average costs of the various
screening methods. It is possible that some of these screening services could be
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expanded at marginal costs, which are less than the full average costs. However,
the projected levels of screening in the medium term represent a significant
increase in workload, and the extra costs may not differ greatly from the full
average costs.

* The healthcare costs of treating cancer will be reduced if surveillance detects
cancers at an earlier, more treatable, stage.

Conclusion

The benefits of genetic counselling and testing for inherited cancer susceptibility
in high-risk families are becoming very clear, particularly in conditions conferring
susceptibility to colorectal cancer, such as familial adenomatous polyposis and
HNPCC, and such management is well within the remit of clinical genetics
services. The benefits of surveillance in families at moderate familial cancer risk are
less proven as yet and require long-term evaluation of audit of a very large cohort
of families. Working guidelines are now available for stratification of familial risks
and for clinical surveillance of each risk group, and follow-up of these groups
provides the information required for evidence-based management of these fami-
lies in the future. This will inform health-service development in different coun-
tries in the future.
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Shirley V. Hodgson
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There is a rapidly increasing appreciation of the importance of familial cancer
susceptibility and the potential for the identification and surveillance of at-risk
individuals with a strong family history of cancer to reduce morbidity and
mortality from the disease.

The development of healthcare strategies for the identification of individuals
with a risk of familial cancer susceptibility, for stratifying their risk and for
developing agreed surveillance protocols is dependent on many factors, which will
differ in different countries. This service development requires a partnership
between clinicians, service providers and purchasers, and healthcare planners.
Evaluation of the cost-effectiveness of such a service is vital. In many countries this
service was initially funded by research charities. However, funding is now being
transferred to the public sector as the research questions are answered.

There is a good deal of inequality in the sophistication of cancer genetics
services in different countries, and those countries initiating service development
should be enabled to benefit from the experience of others with established
services.

This type of service has several levels: (1) there is a need for ascertainment and
prioritization of referrals at the primary care level; (2) there should be an agreed
management care pathway for the surveillance of individuals at different degrees
of estimated moderate risk; and (3) there should be provision for genetic counsell-
ing and testing of individuals from families in which there is a high chance of an
inherited susceptibility to specific cancers. This includes the provision of molecu-
lar genetics tests in laboratories that have attained appropriate accreditation, and
predictive test counselling for at-risk relatives. A detailed description of the
organization of such a service is provided by the Harper report for the UK
Department of Health (1998). This report describes a system based upon the three
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activities enumerated above, utilizing the concept of primary care referrals being
prioritized and moderate-risk patients being referred to cancer units for surveil-
lance, where the results of such surveillance can be monitored, and where only
high-risk individuals would be referred to the genetics centre. A system by which
healthcare providers can be educated to be able to prioritize individuals into the
different risk categories is an important part of service delivery.

The factors that influence the development of cancer genetics services are those
that influence all features of the above overview of the service. First and foremost
must be the finance available to public health care in the country, since surveil-
lance strategies of this kind may be perceived as a relative luxury compared with
many other aspects of medical services. Their development will be driven partly by
public awareness and demand for such a service, and partly by the demonstration
of its efficiency in reducing morbidity and mortality from cancer.

There is some correlation between the gross national product of the country
and the level of cancer genetics services. However, other factors also have an
influence (Table 12.1). Such important factors include: existing primary health
service structures, the presence of public and private sectors in the medical service
and their mutual relationships, the existence of an established network of integ-
rated genetics services, and the tradition of screening for other genetic conditions
within the population, e.g. thalassaemia and sickle cell anaemia.

Standards

In order to ensure standards and regulate the development of the service, appro-
priate guidelines are needed, which can also promote uniformity of practice. The
advisability of such guidelines is well recognized (Cancer Genetic Services in
Europe, 1997). There is a very variable background in such legal guidelines in
different European countries. Some countries already have statutory guidelines for
various aspects of genetics services, such as Austria, Denmark, Belgium, Italy, the
Netherlands, Finland, France, Germany, Norway, Sweden and the UK. No clear
guidelines for genetic testing exist in Hungary, and few exist in Portugal and
Greece as yet.

International organizations such as UNESCO, HUGO and WHO have pub-
lished general guidelines on these issues, such as the WHO-proposed international
guidelines on ethical issues in medical genetics and genetics (WHO, 1998). The
Council of Europe Convention for the Protection of Human Rights and Dignity of
the Human Being with regard to the application of biology and medicine (1997) is
an international legal text with effect on those Council of Europe’s member states
that have ratified it. Belgium, Germany, Ireland and the UK have not yet signed
the convention.
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Table 12.1. Selected World Wide Web sites concerning cancer genetics issues

Subject

Remit

Website

What is genetic
screening?
Understanding

gene testing

Advisory
Committee on
Genetic Testing
Draft Code of
Practice

‘The Gene
Letter’

Cancer facts

BIOSIS

European Initiative for
Biotechnology
Education; resources for
teaching aimed at
students aged 16-19
years.

BIOSIS

Internet-based
newsletter, aiming to
educate consumers and
professionals about
emerging medical,
ethical, legal and policy
dilemmas in this area.
Established by the
Shriver Centre with a
grant from the US Dept
of Energy/ELSI
programme. Further
discussions about this
appear on the website
given below.

(National Cancer
Institute) supplies
information for cancer
patients, their families
and the public, and
backs this up with a

telephone advice service.

http://www.scicomm.org.uk/biosis/human/whatis/html
http://134.225.167.114.8001/EIBE/preview/html

http://www.scicomm.org.uk/biosis/acgt/ACGT2/html

http://www.geneletter.org

w.graylab.ac.uk/cancernet/600349.html

cancerweb@www.graylab.ac.uk

As part of the Cancer Genome Anatomy Project, funded by the NCI, Al Gore recently unveiled a website with

the aim of having ‘all the pieces together in the same place’.
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Registries

Healthcar

Genetic and cancer registries provide a useful basis upon which to build cancer
genetics services. These are well established in the UK, the Netherlands, Denmark,
Belgium, Finland, Norway, Poland, Sweden and Denmark, and are being develop-
ed in Cyprus, Latvia, Hungary, Romania, Slovenia, Switzerland and the Ukraine.

The presence of cancer registries and registers of individuals with familial
cancers such as familial adenomatous polyposis (FAP) sets a useful framework for
the establishment of similar registries for familial cancer. Denmark and the UK
were the first countries to set up FAP registries, but other countries, such as the
Netherlands and Poland, have set up similar registries, and have developed these
for hereditary non-polyposis colorectal cancer (HNPCC) and hereditary breast/
ovarian cancer. This greatly facilitates the ascertainment of at-risk individuals and
the monitoring of the efficacy of surveillance in high-risk individuals. However,
genetic registers are considered to be unethical in Germany and Austria. New
registers are being developed in Greece, Latvia and Portugal. The Finnish register
for HNPCC has provided initial comprehensive information regarding the results
of long-term follow-up of screened and unscreened individuals from HNPCC
families (Jarvinen et al., 2000), and provides crucial evidence about the efficacy of
surveillance in HNPCC. This information is applicable throughout Europe and
can be utilized when negotiating for service funding. The tradition of audit of
medical services in general is important in facilitating such exercises and crucial
for providing evidence for service efficacy and the development of evidence-based
healthcare policies.

Financial constraints still hamper the development of cancer genetics services in
many of the Eastern European countries, where cancer genetics is not a priority.
Where research funding is not available to initiate the service and thereby provide
evidence for its cost-effectiveness, the experience from other countries with
established services and audit of outcomes can be used to inform healthcare
planners in countries that are initiating them.

e structure

The structure of health care, and the presence of networks of peripheral care
services in the country, are important, allowing the funding for service to be
defined and negotiated appropriately. Thus, in the UK there is a model of
contracting for clinical genetics services that provides a basis for negotiation for
new services when they are being proposed to purchasers (Hughes et al., 1998).

Competition and non-communication between public and private healthcare
systems could be a potential impediment to the co-ordination of service develop-
ment.
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Genetics is still not a recognized specialty in Belarus, Croatia, Cyprus, the Czech
Republic, Greece, Slovenia or Spain, and this may hamper service development.
The education of medical students and doctors is improved in countries where the
discipline is recognized.

Cancer genetics services

A survey of cancer genetics services, particularly in relation to breast cancer, in 34
European countries was undertaken as part of a BIOMED II Demonstration
Project — ‘Familial Breast Cancer, an Audit of a New Development in Medical
Practice in European Countries’ — and the results have been published in detail
(Hodgson et al., 1999, 2000). There was considerable variation between the
current status of such services in the different countries. The UK, the Netherlands,
Belgium and the Scandinavian countries were the first to develop these, profiting
from relatively high levels of gross national product and healthcare funding.
However, much of the initial funding was provided by research charities. Other
countries with active service development are France, Austria, Italy and Germany,
but in these countries genetic counsellors are not yet accepted as having a role in
service development. Israel, Poland and Ireland are also actively developing these
services, including the acceptance of genetic counsellors as part of the service.

Multidisciplinary regional genetics centres are well established in the UK,
Belgium and the Netherlands, in particular, and are being developed in Poland
and Italy, but less so in Eastern European countries, and are being actively
developed in Spain, Portugal and Turkey.

In Poland, 16 new regions have been established with a consultant geneticist at
each, to coordinate genetics services.

In the USA, a national network of cancer genetics services was proposed by the
National Institutes of Health in 1996. Five years of funding was provided in 1997
to support collaborative investigation into inherited cancer susceptibility and how
this knowledge could be translated into medical practice, and to address the
associated psychosocial, ethical, legal and public health issues involved (Senior,
1998). However, there are difficulties in administering this in the absence of a
well-established collaborative health service network in the USA. Common guide-
lines for the management of individuals with an inherited susceptibility to breast/
ovarian and colorectal cancer have been drawn up, based on a task force from the
National Human Genome Research Institute Consortium, organized by the Na-
tional Human Genome Research Institute (Burke et al., 1997a,b). In the US, the
role of genetic counsellors is well accepted as forming a part of the genetics services
(Peters and Stopfer, 1996).

In Australia, despite the large, relatively underpopulated territory, attempts are
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being made to standardize the management of susceptible individuals throughout
the country, according to agreed guidelines (Hopper, 1996).

Networks and discussion fora to enhance the standardization of cancer genetics
services, and discussion of policy development, are being implemented in many
countries, including the Cancer Genetics Group (CGG) in the UK, the Danish
breast cancer collaborative group, the Netherlands’ National Registry of Hered-
itary Breast Cancer Families, the French network known as the ‘Genetics and
cancer group from the Federation Nationale des Centres de Lutte Contre le
Cancer’ (FNCLCC), and similar networks in Italy and Germany, which are funded
partly by government and partly by research. Thus, in France, the FNCLCC is
supported by a French charity, the League against Cancer, whereas the Ministry of
Health supports the Foundation for the Detection of Hereditary Tumours in the
Netherlands, aiming to promote and guarantee surveillance in families with
hereditary cancer, and to encourage research. In Germany, the Ministry of Health
promoted and provided financial support for the establishment of a multicentre
interdisciplinary network for the management of hereditary breast cancer, and
advised the Deutsche Krebshilfe on its national research funding programme in
this area. In Italy, the establishment of a network of the relatively autonomous
regions involved in providing cancer genetics services is being coordinated from
Milan by the National Cancer Institute, with research funding. In the UK, the
CGG was initiated as the Cancer Family Study Group, with strong backing from
the Imperial Cancer Research Fund (ICRF), as a forum for the development of
collaborative research into this area. As part of the development of the British
Society for Human Genetics (BSHG — an umbrella organization for cytogeneti-
cists, molecular geneticists and clinical geneticists), the CGG has now been
accepted as a part of the BSHG, in recognition of the increasing importance of
cancer genetics.

Networks of cancer genetics centres exist in the UK and much of the service
work is now government funded. The continuing audit of a group of cancer
genetics clinics funded in part by the ICRF is being facilitated by a recent grant
from the National Lottery Charities Board for the establishment of a common
database that will record and correlate family history data, molecular and patho-
logical information, and surveillance outcomes. Since cancer genetics services are,
by their nature, multidisciplinary and imply a degree of cooperation between
clinical centres and health service planners, they are dependent on the establish-
ment of collaborative groups. This is also important to ensure the consistency of
services offered throughout the country.
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Genetic counsellors

As part of the delivery of cancer genetics services, with a potentially high volume of
referrals for risk assessment prior to stratifying individuals for appropriate surveil-
lance, there is an important role for trained genetic counsellors who can see and
evaluate a large number of individuals who have a family history of cancer, in
order to prioritize them into risk groups. Thus, low-risk individuals may require
reassurance, moderate-risk individuals may be offered screening, and high-risk
individuals may be referred to a genetics centre for discussion of possible predict-
ive testing and prophylactic management. Such a service relies on the availability
of large numbers of trained genetic counsellors who may not necessarily be
doctors. The acceptance of such counsellors in the delivery of such a service is
important, and they should have appropriate educational provision, supervision
and career structure (Skirton et al., 1998). In some countries they are recognized as
being part of service provision (e.g. the UK, the Netherlands, Israel and Denmark),
whereas in others (France, Germany, Latvia and Spain) they are not.

Education

Postgraduate training in cancer genetics is well established in Scandinavian coun-
tries, France, Germany, the Netherlands, Belgium, the UK, Italy, Poland, Roma-
nia, Latvia and Lithuania.

Undergraduate training in genetics is of a higher profile in countries where
genetics is a recognized specialty, but education in cancer genetics at undergrad-
uate level is often scanty.

Cancer genetics courses are being developed in several centres in the UK and
elsewhere, often as modular courses available for healthcare professionals, and
there is an international course that is run annually at Sestri Levante. Many of
these courses are available to train genetic counsellors and nurses in the discipline.
For instance, in Israel there is such a course for genetic counsellors in the Hebrew
University in Jerusalem, associated with the Hadassah University, Ein karem.

Information about cancer genetics is becoming available on the World Wide
Web, including sites listed in the proceedings of the Biomed 2 project (Cancer
Genetic Services in Europe, 1997; Hodgson et al., 1999; see Tables 12.1 and 12.2).
The Web is becoming of increasing importance in the dissemination of knowledge
about cancer genetics, and of particular relevance for the USA and potentially for
developing countries (Edejer, 2000).

Training in genetics for the non-geneticist is being promoted in the UK and in
Latvia, Turkey and Denmark, amongst others.
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Table 12.2. Factors influencing the development of cancer genetics services

* The GNP of the country, and the proportion spent on health services; the availability of
charity funding

* Health service structure and the relationship between public and private systems on the
delivery of health care

* The tradition and network structure of primary health care and its relationship to other
healthcare systems

* The recognition of genetics as an official specialty

* The presence of established networks of genetics services

¢ Cancer service networks and their relationship to the genetics services

* The existence of medical service audit systems

* The existence of cancer registries

¢ The prior existence of screening programmes for genetic disorders such as thalassaemia

* Education provision regarding cancer genetics for healthcare professionals

* The recognition of the role of genetic counsellors in service delivery

* Public awareness of genetics issues, especially cancer genetics

* The presence of active patient support groups for families with cancer, often through the
cancer charities

* Perceptions of social and ethical problems surrounding genetic issues

* Agreed guidelines for service provision

* Quality control for laboratory and clinical services

Public awareness

The level of public awareness of cancer genetics, with consequent empowerment
to drive demand-led services, is important, and is dependent upon background
beliefs about the influence of genetic factors on disease development, and media
promotion of such issues. The acceptance of clinical genetics as a discipline is
relatively new in many countries, and political, ethical and social barriers to
genetic concepts are also extremely important. Thus, genetics is only just becom-
ing accepted in countries such as Austria and Germany subsequent to the backlash
against eugenics.

Education of the public in issues about cancer genetics is largely media driven,
and in all European countries there is rapidly increasing media coverage of these
issues, although the extent of this coverage varies widely. Genetics centres tend to
provide information to referred families using letters and leaflets. Some videos are
also being developed. Wider promotion of education about this is transmitted
through primary care, although this is relatively under-developed at the moment.
There is only a moderate amount of information available to specific high-risk
groups such as the Ashkenazi Jewish population, although some literature on the
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subject is provided by charities such as the Imperial Cancer Research Fund and
Cancer Research Campaign, now amalgamated to form Cancer Research UK
(CRUK). General educational material is being offered in some countries in
museum exhibitions, such as those in the Science Museum and the Gene Dome in
the UK, and in an exhibition on ‘Mensch und Gene’ (‘Man and the Gene’) in
Bonn, Germany, in 1998. Websites are increasingly being consulted by members of
the general public, but are more easily accessed by individuals from wealthier
countries.

Conclusions

It is clear that, although cancer genetics services are developing rapidly, there are
very different degrees of service development in different European countries,
dependent on many factors. There is, therefore, great potential for those countries
with more advanced development of such services to provide guidance and
evidence-based information to facilitate the service planning for countries in
which services are at an early stage of development.
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Untreated inherited breast cancer is recognized as a lethal disorder. The first
detailed description in modern literature is probably ‘Family Z’, reported by Broca
in 1866. If interpreting ‘liver cancer’ as ovarian cancer with spread, Broca de-
scribed a family with dominantly inherited breast/ovarian cancer syndrome caus-
ing early death, and concluded that the cause had to be genetic factors with
sex-limited phenotypic expression. He also discussed the putative impact of
modifying genetic and environmental factors on the penetrance and expression of
the major mutations, which may be discouraging for those who claim to have
discovered new insights lately. More than 100 years later, it was agreed that
inherited breast cancer was not rare (Iselius et al., 1992). In this chapter, the term
‘inherited’ is used for monogenic inheritance with high penetrance. Recessive or
X-linked inherited breast cancer has not been described. The postulated category
of inherited breast cancer caused by more frequent mutations with lower penetr-
ance has yet to be defined precisely, and is outside the scope of this chapter. Thus,
‘inherited breast cancer’ denotes dominant inheritance, as indicated by family
history or demonstrated mutation. BRCA1, BRCA2, PTEN, TP53 and other genes
do, when mutated, cause inherited breast cancer. All mutations proven to cause
breast cancer also increase the risk of other cancer(s) (Lynch et al., 1997; Johan-
sson et al., 1999; Chompret et al., 2000). In recent years it has been shown that
there is geographical and ethnic variation, and average figures for prevalences of
the genetic factors that cause inherited cancer should at the moment be considered
with great caution. Prevalence figures from one area may not be valid for adjacent
communities.

The above introduction is intended to stress that ‘inherited breast cancer’, even
within narrow definition of the term, covers a heterogeneous group of disorders.
Keeping this in mind, this chapter will discuss the strategies for treating and/or



205

Screening, detection and survival patterns

preventing inherited breast cancer on three levels: (1) considering inherited breast
cancer to be an entity distinct from sporadic breast cancer; (2) considering
putative differences between the subgroups (genetic syndromes) included in
inherited breast cancer; and (3) considering the possibilities of curing/preventing
associated cancers (other expressions of the underlying mutations) that are speci-
fic for each of the genetic syndromes.

While it is generally agreed that infiltrating breast cancer without spread may
proceed to cancer with spread, it is not agreed that carcinoma in situ (CIS) may
proceed to infiltrating cancer. Moreover, CIS is subclassified into ductal, lobular
and other groups. Interestingly, lobular CIS, which is recognized as a marker of
risk for bilateral invasive cancer, has not been found to be associated with either
BRCA1I or BRCA2 mutations. Discussion of the subgroups of CIS is outside the
scope of this chapter. The generic term ‘CIS’ will therefore be used.

There may be three approaches to breast cancer treatment: do nothing, try to
cure the demonstrated disease, or try to prevent occurrence of the disease. Nobody
will today advocate doing nothing. In general, cure rate is dependent upon early
detection and effective treatment. This is not only a simple, mechanistic interpre-
tation of the metastatic process. It is also in keeping with the concept of a
time-dependent probability of acquiring the mutations that underlie both spread
and resistance to available treatment, and with the concept of total tumour mass as
a predictor of prognosis. In general, early treatment is encouraged by public
education (breast awareness, self-examination, seeking your doctor in time). In
addition, formal screening programmes for women more than 50 years of age have
been implemented. All current activity aimed at early diagnosis of breast cancer is
set on the somewhat precarious base of prevention policies for the general
population. Controversies surrounding their effectiveness reflect, at least in part,
the different social settings in which they have been conducted, including different
public education programmes for breast awareness, variation in intensity of
screening protocols for older women, and geographical as well as time-associated
variation in treatment given to breast cancer patients.

A further consideration is that it is neither practically nor ethically possible to
randomize high-risk women within a trial designed to withhold intervention (e.g.
mammographic screening) for one group in order to demonstrate that it is
effective in reducing mortality.

Early diagnosis

A decade ago, a number of centres independently set up clinics for the early
diagnosis and treatment of inherited breast cancer. This was done before the
underlying genes were cloned, and inclusion criteria were based on family history
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Table 13.1. Outcome of prospective surveillance programmes of women at risk in breast
cancer kindreds (findings according to stage at diagnosis)

CIS CaNo CaN+
Magller et al., 1998 9 28 9
Lalloo et al., 1998 6 [ 5
Kollias et al., 1998 6 15 8
Tillanus-Linthorst et al., 2000 5 16 5
Mogller et al., 19992 32 91 38
Total® 43 122 51

3Combined European series including Maller et al. (1998), Lalloo et al. (1998) and the
majority of the prospective cases reported in a UK survey (Macmillan, 2000).
"Total excluding Maller et al. (1998) and Lalloo et al. (1998).

alone. Precise risk estimation from family history is difficult; commonly used
statistical models may give conflicting results (McGuigan et al., 1996). Most
centres used eligibility criteria and follow-up protocols that were similar (Vasen et
al., 1998). In principle, all criteria selected sisters and daughters of affected women
in kindreds with assumed dominant inheritance and/or early onset of disease.
Most of these centres joined forces in a Biomed 2 project and pooled their results
for analysis of efficacy of the programmes and a consensus statement on how to
proceed.

There are several reports from prospective screening programmes in the high-
risk groups concerning stage at diagnosis of breast cancer. They are compiled in
Table 13.1. Most centres report a favourable stage distribution, indicating that
most women were likely to have a favourable outcome. No centre had a ran-
domized control group. All centres report some cancers with nodal spread,
indicating that not all patients were cured. The reports include CIS. It is
commonly agreed that CIS is a marker that the woman has a high probability of
developing an invasive cancer, but it is still debated whether or not CIS is the
pre-cancer itself. This controversy is crucial to the interpretation of the findings, if
the goal is to identify and remove the pre-cancer. In addition, it has not been
demonstrated that prognostic indices (based on stage at diagnosis, histological
grade, etc.) derived from empirical data on sporadic breast cancers are valid for
the group of inherited cancers.
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Figure 13.1 Event-free survival of the prospectively detected breast cancers reported by the Biomed 2

Demonstration Programme (Mgller et al., 1999a).

Survival studies

Prospective studies

In 1999, seven of the collaborating centres in the Biomed 2 project updated the
status of all patients who were prospectively diagnosed in their follow-up pro-
grammes to examine survival (Mgller et al., 1999a). The results are presented in
Figure 13.1: 5-year survival was 89% and 5-year event-free survival was 86%. The
group, as a whole, followed the survival curve expected for sporadic breast cancer
of comparable stage at diagnosis. Thus, the results indicated that survival was
indeed improved by early diagnosis. The results also showed that patients with
nodal spread at diagnosis fared worse and that those with CIS (but no invasive
cancer) fared better than the average (5-year event-free survival 67% and 100%,
respectively). As discussed in the report, CIS was found so frequently as to suggest
strongly that CIS is indeed the pre-cancer. If so, the frequency of CIS and the
event-free survival in all CIS cases after diagnosis indicate that the objective of
early diagnosis and treatment was successfully achieved by reference to this
subgroup alone. Again, however, the interpretation is influenced by whether or
not CIS is the pre-cancer.

Reports on patients undergoing prophylactic surgery indicate that the con-
tralateral breast in women with inherited breast cancer contains pre-invasive
tumours in a high proportion of cases. In contrast, such lesions were not found in
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the contralateral breast in women with sporadic breast cancer (Kuhurana et al.,
2000).

Retrospective studies

It is possible to define retrospective series of BRCAI or BRCA2 mutation-carrying
kindreds. These series, together with a number of other reports, indicate substan-
tial differences between the distinct genetic syndromes included in inherited breast
cancer. The BRCAI syndrome includes oestrogen-receptor-negative, high-grade
tumours (Sobol et al., 1995; Verhoog et al., 1998; Lakhani et al., 2000). CIS is
infrequently seen, and there may be indications that the infiltrating cancers do
worse than stage at diagnosis would indicate (Johansson et al., 1998; Verhoog et
al., 1998; Foulkes et al., 2000; Stoppa-Lyonnet et al., 2000). However, retrospective
studies often include a number of methodological problems. In keeping with
standards in evidence-based medicine, no hypothesis derived from retrospective
studies alone should determine health care until confirmed in prospective series.

Combined interpretation

The combined information indicates that inherited breast cancer, taken as a
whole, benefits from early diagnosis and treatment, but there may be substantial
differences between subgroups. BRCAI cancers may not be detected at the pre-
invasive stage with the diagnostic means employed so far, while other groups of
inherited breast cancers may be diagnosed as CIS and cured. These are, at present,
no more than hypotheses, but at the same time it is not possible to arrive at any
conclusion in conflict with these hypotheses. If true, subgroups may need different
follow-up regimens and different treatments. In that case, mutation testing may be
indicated as a preoperative procedure in any breast cancer patient, and the
demand for genetic testing may increase far beyond the level required to serve
breast cancer kindreds alone.

Retrospective studies and descriptions of current patients may give answers to a
number of the questions discussed above. Empirical data for long-time survival,
however, take a long time to obtain. The ongoing studies already concluded to
5-year survival should, therefore, be continued as they will produce figures for
long-time survival earlier than any study initiated today. However, numbers
included in studies reported so far are insufficient and broader studies are needed,
especially to distinguish between subgroups as discussed.

Population versus high-risk group screening

Population screening in women over 50 years of age, with mammography every
second year, is beneficial, although cost-effectiveness is debated. The merit of such
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screening before 50 years of age is controversial. Looking more closely at the effect
of screening over the age of 50, the benefit seems to increase with age. In other
words, screening with mammography seems effective after the menopause, but
may have limited effect earlier. Moreover, the discussions on the effect of screen-
ing by mammography are statistical debates on whether or not it is beneficial to
the group examined. Mammography every second year does not provide a
guarantee against dying of breast cancer; the individual women examined may not
feel safe. When dealing with one young BRCA I-mutation-carrying woman, the
issues surrounding her need for health are quite remote from the population-
based cost/benefit strategic thinking that underlies the screening programmes.
Screening mammography may be very efficient at population level, but still
inadequate for any given high-risk woman.

In breast cancer kindreds, the risk group is younger. Proven BRCAI and BRCA2
mutation carriers are at risk and must be cared for from 30 years upwards. Up to
half of these carriers will get cancer before they reach 50 years of age. Correspond-
ingly, mean age at diagnoses in the combined prospective follow-up studies are
close to 50 years. The observed annual incidence rate for breast cancer in families
selected on the basis of family history alone is low — up to 30 years of age. From 40
years upwards, the annual incidence is about 0.75% in sisters and daughters of
affected members (Moller et al., 1998). In BRCAI carriers, the annual incidence
rate for contracting cancers rises from close to zero at 30 years of age, to about 3%
per year at 40 years of age, and remains at this level for the rest of life (Derum et al.,
1999) (Figure 13.2). This contrasts with data for the general population where the
risk is very low in young adulthood, and increases steadily up to 70+ years of age.
(The exact age-related incidence curve for sporadic breast cancer is outside the
scope of this chapter.)

When the breast cancer screening programmes today consider costs and
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benefits of screening women from 40 years upwards, the question is whether or
not that will have a measurable effect. Within the breast cancer kindreds, the
question is what we can do for each woman at risk. To demonstrate a slightly
reduced risk of dying young is not good enough for the high-risk group.

Examination methods and interval between examinations

‘Time in pre-clinical detectable stage’ (also called ‘mean sojourn time’) is the
time-window in which a breast cancer is asymptomatic but may be diagnosed by
professional examination. Time in pre-clinical detectable stage is estimated at 1.25
years in sporadic breast cancer before 50 years of age and has been shown to be
similar in inherited breast cancer (Tabar et al., 1992; Mgller et al., 1998). Re-
evaluation of the Swedish mammography trials indicates that, for the age-group
50-59 years, time in pre-clinical detectable stage is shorter in inherited cancers
than in sporadic cancers (Nixon et al., 2000). About one-quarter of inherited
breast cancers are mammographically occult at diagnosis (Meller et al., 1999a;
Tillanus-Linthorst et al., 2000). Together, these results indicate that an annual (or
more frequent) interval(s) is necessary up to 60 years of age in women at high risk
of inherited cancer, and that clinical examination is indicated in addition to
mammography. In addition to clinical examination, other techniques for diag-
nosis by imaging are being assessed. Early reports on the efficacy of magnetic
resonance imaging are promising (Kuhl et al., 2000). Ultrasonography is generally
not considered as a screening tool, but it is useful for identifying possible lesions
detected by other methods. The fear that the pressure for early diagnosis would
lead to too many invasive procedures has proved false: three independent centres
report similar and reasonable frequencies (4—7%) of fine-needle aspiration cytol-
ogy, 11-17% of these resulting in diagnoses of cancer (Meller et al., 1999b).

In conclusion, it is agreed that clinical examination and mammography should
be offered to the high-risk group annually from 30 to 60 years in centres capable of
proceeding to invasive procedures whenever needed. Whether this is proved to be
beneficial is not an immediate concern: nobody suggests that high-risk women
should be offered substantially less. The subjects for debate are whether or not
more frequent examinations are indicated, whether or not more sophisticated
imaging techniques should be employed, and whether or not prophylactic
measures are indicated and available.

Treatment

A full discussion of treatment is outside the scope of this chapter. The following
outline is simply a grouping of modalities to provide a structure. There are three
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forms of treatment: surgery, ionizing radiation and chemotherapy (including
anti-oestrogens). Tumours are removed surgically. Breast conservation surgery is
combined with radiation to prevent local recurrence. Metastatic cancer is treated
with radiation and chemotherapy (including anti-oestrogens) as indicated. Sur-
vival after diagnosis is a measure of treatment efficacy. Strictly speaking, the
discussion above, relating survival to stage at diagnosis, is conceptually wrong. If
treatment had no effect, the association between survival and stage at diagnosis
would reflect nothing more than ‘lead time’ bias, the patients seeming to live
longer because they had been diagnosed earlier. Given that the time in pre-clinical
detectable stage is agreed to be about 1 year, the ‘lead time’ cannot be greater than
this. Because the effect on survival discussed above is much more than that, it has
to be attributable to the treatment (this remains true even when due allowance is
made for the ‘dilution’ of true cancers with cases of CIS detected on screening). To
assess the effect of treatment more rigorously, standardized protocols are needed.
However, no centre with an established follow-up regimen for high-risk women
has reported a special protocol for treatment of the cancers found. This means that
the choice, for example between breast conservation surgery and mastectomy, will
be an individual one, influenced by patient preference, but also reflecting differen-
ces in practice between countries, centres and surgeons. In addition, there are
time-trends: treatment given today is likely to differ from that in standard use
some years ago.

Strategies for treatment

There are two distinct strategies for treatment: one is to do as little harm as
possible (‘non-malefice’), the other is to maximize probability for long-term cure
(‘benefice’).

In practical terms, this can be applied to breast conservation surgery versus
mastectomy. The former is usually accompanied by ionizing radiation to the
remaining breast tissue to avoid recurrence, as an alternative to removal of all
breast tissue on the affected side. Because of the risk of contralateral breast cancer,
bilateral mastectomies are performed in a number of cases. To the authors it is a
logical mystery why ionizing radiation is considered to be an acceptable alternative
to mastectomy for the remaining tissue in the diseased breast, while only surgical
removal (and not ionizing radiation) is considered to minimize risk of tumour
growth in the contralateral breast. We do need a debate on this subject. The
balance between maximizing the prospects of cure, versus doing least possible
harm, may be an individual question to be resolved by the patient. It is the
common experience of counsellors, however, that patients do seek and actually
follow advice. This is substantiated by the wide variation in uptake of prophylactic



212

P. Meller and C. M. Steel

surgery among centres. It is not reasonable to assume that the differences in
practice between centres arise purely from patient attitudes. There are reasons to
believe that patient choice is influenced by the preferred policy of a given centre.
Underlying this, however, are the social settings controlling both what doctors
may regard as their ‘professional advice’, and what the patients may consider their
‘free choice’ (Julian-Reynier et al., 2000). Full discussion of these factors is outside
the scope of this chapter, but the brief résumé may serve to highlight the
complexities that surround the treatment of breast cancer in high-risk patients. At
present, clarification of the arguments for constructive debate should be the
priority.

Bearing in mind the stratification problems in the outcome analyses discussed
above, it is reasonable to suggest that the centres should collaborate to provide the
ground for evidence-based treatment. Whenever possible, handling of the high-
risk group should accord with the general standards in evidence-based medicine.
The general standard is to perform randomized trials when necessary and feasible.

Prophylaxis

Briefly, prophylactic measures may be surgical or chemical (as mentioned above,
ionizing radiation for prophylaxis has not been suggested). Bilateral mastectomy
provides protection against breast cancer, although not 100% (Hartmann et al.,
1999). The discussion regarding treatment options re-emerges: complete ablation
seems better than subcutaneous mastectomy, but complete ablation does more
harm to the patients. Chemoprevention trials include anti-oestrogens and have
side-effects. A specific form of chemoprevention, reported to reduce breast cancer
risk in BRCAI carriers, is oophorectomy and subsequent hormonal replacement
therapy (Rebbeck et al., 1999).

The point of mentioning prophylaxis in this chapter is to highlight the fact that,
while surgical prophylaxis removes the breasts and makes them ‘unavailable’ for
subsequent trials, early diagnosis strategies may be combined with chemopreven-
tion trials. Moreover, prophylactic surgery may not answer the question of
whether or not it was indicated, unless there is a suitable control group or an
expectation of what would have happened without mastectomy. This returns us to
the initial issue of establishing an agreed platform for basic healthcare provision
for the high-risk group, and the feasibility of superimposing clinical trials on that
platform. As discussed, we cannot use control groups to validate the basic level of
provision for the high-risk group. Prophylactic trials, however, should include
randomized controls.
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Associated cancers

There are at least four dominantly inherited breast cancer syndromes where the
underlying mutations are known. In genetic terminology, associated cancers
would be called ‘different (pleiotropic) expressions of the underlying mutations’.
Ignoring infrequent or undocumented associations, prostate, pancreatic and other
cancers are associated with inherited breast cancer. As there is no current agree-
ment on either early detection strategies or benefit from early detection if that
were possible, these cancers will not be discussed here.

The BRCAI syndrome is characterized by early-onset breast and ovarian cancer.
Initial reports, influenced by mode of ascertainment of families (concentrating on
breast cancer), may have under-estimated the relative frequency of ovarian cancer.
Moreover, the families were ascertained by age of onset of cancer and, accordingly,
mutations, when demonstrated, were correlated with very-early-onset disease
(Easton et al., 1995). BRCAI mutation carriers may contract breast cancer two or
three times as often as they contract ovarian cancer (Moslehi et al., 2000).
However, studies in extended families exploring different and assumption-free
models for estimating penetrance indicate that ovarian cancer may be as frequent
as breast cancer in BRCA1 kindreds. The discrepancies were initially attributed to
statistical problems (including informative censoring) (Dgrum et al., 1999).
However, the findings have been replicated in another series and explained on the
basis of ascertainment bias in the earlier work, taking account of factors that
modify expression of BRCAI mutations (Antoniou et al., 2000). On the other
hand, other reports do not support this conclusion (Anonymous, 2000; Moslehi et
al., 2000). Penetrance of BRCAI mutations with respect to ovarian cancer there-
fore remains an open question.

The BRCA2 syndrome is also characterized by ovarian cancer, but in BRCA2
mutation carriers ovarian cancer is seen less frequently and tends to occur later in
life. In addition, male breast cancer is seen in BRCA2 kindreds, and associations
with prostate and other cancers are known (Moslehi et al., 2000).

For both BRCAI and BRCA2 carriers, the ovarian cancer is epithelial. Attempts
at early diagnosis and treatment, so far, have failed. Within follow-up pro-
grammes, the frequency of cancers with spread is far too high to provide safety for
the woman at risk. Virtually all inherited ovarian cancer seems to be explained by
BRCA1I and BRCA2; the epidemiological data do not allow for any additional
genes with similar prevalence. As mentioned above, however, given the present
state of knowledge, population data should not be projected from one geograph-
ical area to another. About 50% of BRCAI-associated ovarian cancers may be
prevented by use of oral contraceptives (Narod et al., 1998). However, oral
contraceptives may increase the penetrance for breast cancer in the same women.
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No clear recommendation can thus be made for or against use of oral contracep-
tives in BRCAI carriers.

All reports agree that ovarian cancer in BRCAI carriers occurs only rarely before
the age of 40 years and, in BRCA2 carriers, rarely before 50 years. The French
consensus statement — that suggesting oophorectomy to a woman under 35 years
of age is unethical — has been generally adopted (Eisinger et al., 1998). Reports on
ovarian cancer after prophylactic oophorectomy are not complete. In general, the
prophylactic effect is considered good but prospective series to clarify the problem
are not yet available. In conclusion, it is agreed that prophylactic oophorectomy
will prevent most ovarian cancers and it is sufficient to raise this option at the end
of the childbearing years. Perimenopausal oophorectomy with hormonal replace-
ment therapy may have a substantial impact upon deaths from ovarian cancer. As
mentioned above, the risk of breast cancer may also be reduced. The side-effects
seem tolerable. More work has to be done to verify and quantify the outcome of
this approach, but a mortality reduction of 50% may be hoped for.

A detailed description of the Li—Fraumeni (p53) and Cowden (PTEN) syn-
dromes will not be given here. They are both multi-organ cancer syndromes with
high penetrance for breast cancer in mutation-carrying women, assuming they do
not die earlier from other cancers. Predictive genetic testing is complicated by
disease manifestations in childhood, especially in the Li-Fraumeni syndrome.
Testing in childhood is unethical if there is no clear benefit to the individual child.
Informed consent from their parents may be compromised by complex intra-
familial conflicts of interest.

Possibly around half of all inherited breast cancer in northern Europe is caused
by neither of the above-mentioned genes. We may call the residual syndrome
BRCAx. The BRCAx syndrome is characterized by breast cancer with his-
topathological and clinical features, plus a pattern of associated cancers, that
distinguish it from the other syndromes. Delineation of the BRCAx syndrome(s)
may await uncovering of the causative gene(s).

Summary

Inherited breast cancer, taken as a whole, benefits from early diagnosis and
treatment in a manner comparable with sporadic breast cancer. The group of
inherited breast cancers is heterogeneous, with respect both to the breast tumours
and to the associated cancers. Preventive strategies to avoid premature death
include early diagnosis and treatment, both for breast cancer and for the asso-
ciated cancers. Health care for any given patient has to take account of all aspects
of the syndrome in question, not just the breast cancer risk.

For BRCAI and BRCA2 cancer kindreds, it is agreed that prophylactic
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oophorectomy after childbearing age and follow-up, aiming at early diagnosis and
treatment for breast cancer, should be implemented. In inherited breast cancer
kindreds without demonstrated mutations and without cases of ovarian cancer,
the suggested healthcare strategy is follow-up for breast cancer alone.

Chemoprevention studies may be added to the group enrolled in surveillance
programmes for early diagnosis, without compromising (mandatory) evaluation
of the effect of the follow-up protocols. Prophylactic mastectomy is incompatible
with measuring effects of early diagnosis and chemoprevention. The conclusion is
that early diagnosis and chemoprevention strategies should be proved inadequate
before actively promoting prophylactic surgery. High-risk women should, how-
ever, have access to prophylactic mastectomy at their own request.

A number of methodological problems are apparent when considering the
effect of early diagnosis and treatment. Among the most obvious are the require-
ment for standardized protocols, and the need to determine intermediate end-
points so that conclusions may be drawn within a reasonable time-span. The
controversy surrounding interpretation of CIS (as the pre-cancer or not) is serious
because it is crucial to interpretation of the initial results. If CIS really is the
pre-cancer, and we fail to interpret it as such, we may achieve total protection by
removing the pre-cancer but the result will be that we have no apparent result
because nobody in the study group contracted the disease. In most settings this
would have been clarified by comparison with a control group, but we do not have
control groups. Moreover, there is no agreement regarding penetrance of the
underlying mutations, leaving expectations (predicted numbers of cases) for the
prospective programmes uncertain.

The rapid expansion of molecular testing capacity for BRCAI and BRCA2 will
clarify problems related to penetrance and expression of the mutations in popula-
tion-based series. Long-term effects of prevention strategies (primary or second-
ary prevention, through early diagnosis and treatment) will only be determined
within a reasonable time through broad international collaborative efforts. The
Inherited Breast Cancer Demonstration Programme, funded by Biomed 2, con-
cluded in May, 1999, with a conference in Heidelberg, Germany, attended by
professionals from 37 European countries. A consensus report on how to proceed
was agreed upon and published (Magller et al., 1999b) (see below).

Suggested guidelines

Definition of women at high risk of inherited breast cancer:

* A family history of two or more first-degree relatives (or second-degree rela-
tives, though males) with early-onset ( <50 years) breast cancer, and/or

* Multiple cases of breast cancers in the same lineage compatible with dominant
inheritance in the family, and/or
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* A combination of early-onset breast cancer and ovarian cancer in the family,
and/or

* Family history that is suggestive of Li—-Fraumeni syndrome (SBLA) or Cowden
disease, and/or

* Demonstrated BRCAI/2 truncating mutation or TP53 or PTEN mutation.

* Males with BRCA2 truncating mutation are also considered to be at risk.

Genetic counselling

Each woman at risk of inherited breast cancer should be entitled to genetic
counselling by a specially trained doctor or genetic counsellor after validation of
the family history and before risk estimates are finalized. The need for specially
designed healthcare programmes should be determined and discussed in the
course of such counselling. Predictive genetic testing should be carried out under
strict quality control, with pre- and post-test genetic counselling by the respon-
sible medical geneticist or associated genetic counsellor, and respecting the privacy
and individual rights of each patient. Demonstrated high risk for inherited breast
cancer should ensure access to the healthcare programmes suggested below,
pending direct evidence of a survival benefit but on the assumption that this will
emerge from pre-symptomatic detection of breast cancers.

Follow-up examinations

* Annual mammography and clinical expert examinations from 30 years of age
(some centres modify starting age according to age of disease onset in affected
relatives). From 60 years of age, mammography every second year (screening
mammography) may be sufficient. Outside very-high-risk families (BRCAI/2
carriers or clearly dominantly inherited disease in the kindred), more limited
screening, such as annually from 35 to 50 years and every 18 months up to 60
years, may be appropriate.

* BRCAI mutation carriers (demonstrated or assumed by family history of two or
more ovarian cancers and/or one relative with both breast and ovarian cancer)
may benefit from mammography and clinical expert examinations twice a year
and, where facilities permit, this option should be evaluated.

* Monthly self-examination or ‘breast awareness’ education should be encour-
aged.

Prophylactic surgery

* BRCAI mutation carriers (demonstrated or strongly indicated by two or more
ovarian cancers and/or one with both breast and ovarian cancer in the family)
may benefit from oophorectomy at 35-50 years of age. Those not choosing
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oophorectomy should be offered follow-up, including regular transvaginal
ultrasound examination.

* BRCA2 carriers (demonstrated, or strongly indicated by male breast cancer,
plus other relevant cancers, in the family) may benefit from oophorectomy at
menopause (45-50 years of age).

* Indications for prophylactic mastectomy are not considered here but should be
subject to continuing evaluation.

Monitoring and evaluation of activity

To evaluate the effect of screening and preventive activities, it is of the utmost
importance that they are carried out as prospective multicentre studies that are
subjected to strict protocols and continuous evaluation. This is essential not only
to establish the effect of such interventions, but also to generate data from which
screening and/or intervention strategies can be matched more precisely to individ-
ual estimates of risk and to provide the background necessary for the assessment of
new chemopreventive modalities in the near future.
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Screening for familial ovarian cancer
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Despite advances in surgery and chemotherapy, the overall prognosis for ovarian
cancer remains poor. It has improved little over the last 30 years. The best way of
improving outcome may be to detect the condition at an early stage through
screening the population at risk. The high incidence of disease in those with a
strong family history of ovarian cancer makes them particularly amenable to this
strategy.

Why should we screen?
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There are estimated to be approximately 50 000 women in the UK who have a
significant family history of ovarian cancer with two or more affected close
relatives. These women have an approximately ten-fold increased risk compared
with the general population. This translates to an average lifetime risk of develop-
ing ovarian cancer of 15%.

The prognosis for ovarian cancer is generally poor, with an overall 5-year
survival of about 30%. Seventy per cent of women are diagnosed with stage III or
IV disease, with 5-year survivals of 15-20% and less than 5% respectively
(Teneriello and Park, 1995). The lack of symptoms of early ovarian cancer results
in women frequently presenting with advanced disease. This is due to the location
of the ovaries within the peritoneal cavity, which results in minimal local irritation
or interference with vital structures until ovarian enlargement is considerable, or
metastasis occurs. Initial symptoms may be so vague that multiple consultations
with a GP may occur before a gynaecological referral is initiated. Approaches that
result in early diagnosis may impact on the significant mortality associated with
the disease.

A screening programme should ideally be based on detection of a pre-malignant
condition in order to lower disease incidence and maximise mortality reduction,
as is the case with the cervical cancer screening programme. Although it has been
suggested that inclusion cysts and benign and borderline ovarian tumours may be
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pre-malignant, this remains speculative. In the absence of confirmed pre-malig-
nant change, screening for ovarian cancer is directed at present to the detection of
pre-clinical disease. Disease detected at an earlier stage carries a significantly
improved prognosis. In patients diagnosed with stage I disease, survival is above
80%, and above 90% in those with stage Ia disease (Nguyen et al., 1993).
Successful detection of early-stage disease could therefore have a significant effect
on mortality. Although no screening strategy has as yet been shown to reduce
mortality, a randomized control trial in the general postmenopausal population
has reported a significantly increased median survival (72.9 months) in women
with ovarian cancer in the screened group, compared with the control group
(median survival 41.8 months) (Jacobs et al., 1999).

Are there any reasons not to screen?

The most important reason is that screening has not yet been shown to reduce
mortality in any population. Large studies are under way in the general population
to address this. Screening relies on the presumption that stage I tumours would
progress further if they were not identified and treated. Although unlikely, it is
possible that they are a different disease entity, and if not discovered may remain
at this stage, death eventually occurring from another cause, as occurs with many
early prostatic cancers. Little is also known about the rate of disease progression,
with obvious implications for screening frequency. In addition, primary perito-
neal cancer is likely to be a variant of ovarian cancer, with a higher incidence in the
high-risk population, and ultrasound and CA125 are not reliable in detecting this
disease (Karlan et al., 1999).

Another key factor to consider is surgical morbidity in women with false-
positive screening results. Definitive diagnosis can only be made at laparotomy or
laparoscopy. In studies that gave details of diagnostic procedures, most women
underwent laparotomy (Bell et al., 1998). There are few reports on morbidity
arising as a result of screening. Muto et al. (1993) reported a woman suffering a
bowel perforation. Extrapolating from reports for similar surgery in clinical series,
between 0.5% and 1% of women undergoing oophorectomy — either by laparos-
copy or laparotomy — may suffer a significant complication such as haemorrhage,
infection, or bowel or bladder damage. Psychological sequelae resulting from the
anxiety of being screened and potential false-negative results should also be
considered (Wardle et al., 1993). Finally, there are also cost implications. It is
possible that the higher incidence of ovarian cancer in the high-risk population
may result in a lower cost per cancer detected than in the general population.
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What do we need from a screening test?

A suitable screening test requires both high sensitivity and specificity. Women
who have a positive screen require further investigation, often in the form of
exploratory surgery. It is therefore imperative to maximize specificity in order to
obtain a high positive predictive value, and to decrease the number of false-
positive screens. In the general population, a specificity of 99.6% is required to
achieve a positive predictive value of 10% (Jacobs and Oram, 1988). However,
because of the much higher incidence of the disease in the familial group, a lower
specificity may achieve the same positive predictive value. It is important to note,
however, that, unlike in the general population, 60-75% of women undergoing
screening for familial ovarian cancer are premenopausal. This results in an
increased false-positive rate with both ultrasound and CA125 screening.

What screening tests are in use?

The ovaries are not easily accessible. Although vaginal examination is important in
assessing symptomatic women, it lacks both the sensitivity and specificity required
for a first-line screening test in asymptomatic women. Van Nagell et al. (1995)
found that only 30% of women who had ovarian masses on transvaginal ultra-
sound had an abnormal pelvic examination.

Visualization or direct sampling to detect malignant disease, or perhaps in the
future a pre-malignant condition, is being investigated in preliminary studies
using office laparoscopy and cytological examination of brush samples from the
ovarian surface in screening high-risk populations. The possibility of using optical
methods, such as optical spectroscopy, is also being investigated. The accepted
methods of screening include serum tumour markers and ultrasound.

Of the ovarian tumour markers, the most extensively studied is CA125. It is an
antigenic determinant on a high-molecular-weight glycoprotein that is recognized
by the mouse monoclonal antibody, OC125, developed using an ovarian cancer
cell-line as an immunogen. CA125 was first discovered in 1981 (Bast et al.). Levels
are raised in 50% of stage I ovarian tumours and in 90% of stage II ovarian
tumours (Zurawski et al., 1988). CA125 levels may also be raised in a range of
other physiological and pathological conditions, which may be gynaecological or
non-gynaecological, benign or malignant (Table 14.1). This can cause particular
problems in screening the high-risk population. Many of these women are
premenopausal and the CA125 level may fluctuate with the menstrual cycle or
may be elevated by such conditions as endometriosis. Specificity using CA125 as a
screening tool can be improved using serial determinations over time (Einhorn et
al., 1992). An algorithm has been developed in postmenopausal women from the
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Table 14.1. Examples of conditions found in association with an increased CA125 level

Gynaecological conditions
Endometriosis

Fibroids

Haemorrhagic ovarian cysts
Menstruation

Acute pelvic inflammatory disease

Pregnancy (first trimester)

Gastrointestinal/ hepatic conditions
Acute pancreatitis

Colitis

Chronic active hepatitis

Cirrhosis

Diverticulitis

Miscellaneous conditions
Pericarditis
Polyarteritis nodosa
Renal disease

Sjogren’s syndrome

Systemic lupus erythematosus

Malignant conditions
Bladder

Breast

Endometrium

Lung

Liver

Non-Hodgkin’s lymphoma
Ovary

Pancreas

general population that determines the risk of ovarian cancer based on CA125
profile with time (Skates et al., 1995). This is based on the observation that women
with ovarian cancer have increasing levels of CA125, whereas women without
ovarian cancer have static or decreasing levels, even if they remain above a cut-off
point of 30 U/ml. The greater the rate of rise in CA125 levels, the greater the risk of
ovarian cancer. The latest in a line of tumour markers that have been assessed is
plasma lysophosphatidic acid, a bioactive phospholipid with mitogenic and
growth-factor-like activities that may have a potential role in ovarian cancer
screening (Xu et al., 1998). It is currently undergoing extensive testing in the USA.

Ultrasound has been studied as a screening test for ovarian cancer for more than
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a decade. Initially, transabdominal scanning lacked specificity, and in one of the
early studies involving 5540 women, 50 underwent surgical investigation for each
case of ovarian malignancy detected (Campbell et al., 1989). Specificity has
improved with the introduction of transvaginal scanning, and the use of mor-
phological scoring systems for interpreting scans has reduced the number of
women undergoing surgical investigation to 10 for each case of malignancy
detected (Van Nagell et al., 2000). Some authors have used colour-flow Doppler
imaging to assess vasculature and blood flow characteristics in ovarian masses.
Malignant masses have increased blood flow during diastole, helping to distin-
guish them from benign ones (Carter et al., 1995; Predanic et al., 1996). Bourne et
al. (1993) reported the results of screening 1601 women with a positive family
history of ovarian cancer who underwent transvaginal ultrasound examination
with colour-flow Doppler imaging. As a result of positive scan findings, 61 women
(3.8%) were referred for surgery, and six primary ovarian cancers were detected,
five of which were stage I tumours. However, as a result of the subjective nature of
Doppler imaging, it has failed to make the anticipated impact on reducing
false-positive results in other screening trials. In the largely premenopausal group
of women who undergo familial ovarian cancer screening, the increased incidence
of benign and physiological ovarian lesions creates similar problems with false-
positive rates as seen with CA125 testing.

What are the current screening strategies?

There are three main strategies: (1) an ultrasound approach based on primary
screening with transvaginal ultrasound, with repeat testing after a fixed time
interval if an abnormality is detected; (2) multimodal screening, which incorpor-
ates primary screening using a serum marker, usually CA125, with repeat assess-
ment of the marker and transvaginal scanning (TVS) as a second-line test (CA125
results are interpreted using the risk of cancer algorithm previously alluded to);
(3) a combined approach that uses both serum CA125 and TVS as first-line tests to
maximize the detection rate. Its use is limited to screening the high-risk popula-
tion. The optimal screening strategy is yet to be established.

What data are available regarding screening in high-risk women?

To date, eight prospective studies have reported on screening for familial ovarian
cancer (Appendix 1 and 2). A total of 5100 women have been screened and 28
epithelial ovarian and primary peritoneal cancers detected using mainly a com-
bined screening strategy. Criteria for interpreting the results were varied and
screening protocols were not always clearly reported. Lack of follow-up data on
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screen negatives makes calculation of sensitivity difficult. Information on the ideal
screening frequency is also scarce, with only two of the studies reporting on
interval cancers, which presented 2-16 months (median 7) following the last
screen (Bourne et al., 1994; Karlan et al., 1999). The limited data suggest that more
frequent screening of the high-risk population should be investigated.

What is current practice?

Despite the lack of conclusive evidence that screening can reduce mortality, there
has been widespread introduction of screening for familial ovarian cancer in
women aged over 35 years (Vasen et al., 1998). This has led a number of groups
(UK Committee for Co-ordinating Cancer Research, the French National Ad Hoc
Committee, 1999, and the NIH Consensus Conference, 1995) to recommend the
use of defined screening strategies for familial ovarian cancer within the context of
clinical trials.

What are the current trials?

Although no conclusive evidence is available to prove that screening has an impact
on ovarian cancer mortality, the adoption of annual screening as standard practice
in the high-risk population makes it impossible to institute a randomized control
trial with a control group who are not screened. In addition, unlike the situation in
the general population, the performance characteristics of the screening strategies
in use are unclear.

In order to develop an optimal screening strategy in the high-risk population, a
multicentre Familial Ovarian Cancer Screening Study (UK-FOCSS) involving
5000 high-risk women is being set up in the UK. This is a prospective study using a
standard screening protocol based on annual CA125 measurement and trans-
vaginal ultrasound. The trial design includes two further blood samples a year,
collected at 4-monthly intervals, for retrospective analysis of CA125 and other
tumour markers. The intention is to document outcome at the end of 5 years
following 17 000 woman years of screening. The study size should include suffi-
cient cases of ovarian cancer to achieve a reliable estimate of sensitivity and
positive predictive value of the screening strategy. Systematic data collection will
allow the derivation of a familial risk of ovarian cancer (FROC) index, similar to
the ROC index in use in the general population. In addition to longitudinal CA125
measurements and age, this will be based on pedigree analysis and molecular
genetic information. To be eligible, an individual must be a first-degree relative of
a high-risk family (Table 14.2). Exclusion criteria for the study include a past
history of bilateral oophorectomy, age under 35 years and participation in other
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Table 14.2. Criteria for defining high-risk families in the UK Familial Ovarian Cancer
Screening Study

(1) Two or more first-degree® relatives with ovarian cancer.

(2) One first-degree relative with ovarian cancer and one first-degree relative with breast
cancer diagnosed under 50 years of age.

(3) One first-degree relative with ovarian cancer and two first-degree relatives with breast
cancer diagnosed under 60 years of age.

(4) An affected individual with one of the known ovarian cancer predisposing genes.

(5) Three first-degree relatives with colorectal cancer with at least one diagnosed before the
age of 50 years and at least one first-degree relative with ovarian cancer.

(6) Criteria (1), (2) and (3) modified where paternal transmission is occurring; families
where affected relatives are related by second degree through an unaffected intervening

male relative who has an affected sister.

Family history of cancer should be confirmed by histopathology report or death certification or
a documented mutation of an ovarian cancer predisposing gene.

2A first-degree relative is mother, sister or daughter.

ovarian cancer screening trials. Data addressing quality of life issues, morbidity
and cost will be collected.

A similar trial is under way in the USA under the auspices of the Cancer
Genetics Network of the National Cancer Institute. In this trial, high-risk women
will be screened every 3 months using CA125 measurements. This will be in
addition to any screening that they are already undergoing. The inclusion and
exclusion criteria are similar to those for the UK trial. In this trial, CA125 results
will be interpreted using a risk of ovarian cancer calculation similar to that in use
in the older general population, and interventions will be undertaken based on
these results.

Conclusions

Ovarian cancer most commonly presents as advanced-stage disease with a poor
prognosis. In the absence of a known pre-malignant lesion, the ability to detect
early-stage disease is clearly desirable. However, as yet, no conclusive evidence is
available to prove that screening has an impact on ovarian cancer mortality. The
adoption of annual screening as standard practice in the high-risk population
makes it impossible to institute a randomized control trial with a control group
who are not screened. This has led a number of professional groups to recommend
the use of defined screening strategies for familial ovarian cancer within the
context of trials. This would enable evaluation of the performance characteristics
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of the current screening strategies that are based on annual transvaginal ultra-
sound and serum CA125 assessments. Multicentre trials currently under way in
the UK and USA should lead to the development of an optimal screening strategy
for the high-risk population and provide data on screening frequency, morbidity,
quality of life issues and cost.
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Introduction

237

The application of predictive genetics in oncology offers the opportunity, through
a simple blood draw, to identify asymptomatic individuals carrying a predisposi-
tion to develop certain cancers. Specific recommendations regarding prevention
and surveillance can be proposed to these individuals. Concomitantly, family
members who are identified as non-carriers of the predisposing gene can be
reassured. These persons are no longer considered ‘at high risk” and return to the
cancer risks of the general population. They can be withdrawn from often de-
manding screening protocols and can be reassured regarding the absence of risk of
transmission of the predisposition to their children.

Here, we provide an overview of the options and issues in the management of
women identified as being at high risk of developing breast or ovarian cancer,
based on their personal and familial history, or through the identification of a
germline BRCAI or BRCA2 mutation.

Breast and ovarian cancers combined account for about one-third of all incid-
ent cancers in Canadian women, and for about one-fourth of all cancer deaths
(Table 15.1). Primary care for survivors of sporadic breast cancer has been recently
reviewed (Burstein and Winer, 2000), but women carrying genetic predisposition
to breast/ovarian cancer have unique health issues. Approximately 3% of all breast
cancer and 5-10% of all ovarian cancer is caused by germline mutations in
breast/ovarian cancer susceptibility genes. The most important of these genes are
BRCA1and BRCA2, which were identified in 1994 and 1995 respectively (Rahman
and Stratton, 1998; Welcsh et al., 1998). Many hundreds of different mutations
have been found in these two genes. Penetrance (the proportion of individuals
who show the mutation-associated phenotype) of germline BRCAI or BRCA2
mutations is variable and cannot be precisely estimated (Blackwood and Weber,
1998; Gauthier-Villars et al., 1999). Women with a family history of breast or
ovarian cancer who carry an alteration in BRCA1I have up to an 85% lifetime risk
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Table 15.1. Epidemiological data for breast and ovarian cancer in Canada (2001)?

Breast cancer Ovarian cancer
Number of new cases per year 19500 2500
Number of deaths per year 5500 1500
Cumulative risk of developing cancer ~ 10.6% 1.5%
Cumulative risk of dying of cancer 3.9% 1.1%
Estimates of the BRCAI- and 600 per year (~3%) 200 per year (~7.5%)

BRCA2-related cases

aSource: http://www.cancer.ca

of developing breast cancer and about a 40-50% lifetime risk of developing
ovarian cancer. Men who carry an altered BRCAI gene may have up to a three-fold
increased risk of developing prostate cancer, but this remains controversial.
Mutations in BRCA2 predispose men to breast cancer and women to breast and
ovarian cancer and probably to other types of cancers (prostate, pancreatic,
stomach, head and neck, melanoma) (Breast Cancer Linkage Consortium, 1999;
Risch et al., 2001). Recent studies suggest that up to age 70 years, women carriers
of BRCA2 mutations have a risk of developing breast cancer that is similar to
carriers of BRCAI mutations. However, depending on the mutation site in
BRCA2, the risk for ovarian cancer may be lower than for BRCAI mutation
carriers (Thompson and Easton, 2001). Men who carry an altered BRCA2 gene
have a risk of about 6% for developing breast cancer by age 70 years. Many
questions are still open regarding the exact evaluation of the risks in the presence
of a given BRCA1 or BRCA2 mutation, particularly if we take into account the fact
that the penetrance and expressivity is variable within a family. Not all women
harbouringa BRCAI or BRCA2 mutation will develop a cancer or, if they do, it is
frequently at different ages or sites. This individual variability of the cancer risks is
being studied with the aim of clarifying the role of environmental and genetic
factors such as the influence of the location and type of mutations within the
BRCA1/2 genes or the implication of modulator genes (Narod et al., 1995; Narod,
1998; Dunning et al., 1999; Nathanson et al., 2001).

Prevention (Table 15.2)

Reducing the risk of first primary breast cancer
Lifestyle modification

Based on the abundant literature (and contradictory conclusions) on a plethora of
environmental factors that have been evaluated as potential risk factors for breast
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Table 15.2. Preventive strategies for breast and ovarian cancer in BRCA1,/2 mutation

carriers

Preventive strategies for

breast cancer

Preventive strategies for

ovarian cancer

Premenopausal women

Tamoxifen
Prophylactic mastectomy

Prophylactic oophorectomy

Oral contraceptive
Tubal ligation
Prophylactic oophorectomy

(£HRT up to age 50 yrs) (£HRT up to age 50 yrs)
+ general guidelines for
overall health
Postmenopausal women Tamoxifen + HRT Prophylactic oophorectomy

Tamoxifen vs raloxifene
(NSABP-P2 trial)
Prophylactic mastectomy
+ general guidelines for
overall health

Note: None of these recommendations have been proved to be effective in prospective studies
(see text for detail).

HRT, hormone replacement therapy.

cancer, it is very difficult to advocate particular lifestyle modifications in at-risk
patients. We should discuss how useful it is for overall health, and a fortiori for
cancer prevention, to follow some general guidelines such as a low-fat, fibre-rich
diet, smoking abstinence and to regular exercise. Despite repeated requests of
many mutation carriers, it is difficult to go far beyond these general recommenda-
tions if we wish to base our decisions on currently available scientific data
(Chlebowski, 2000; Vogel, 2000). Indeed, very few of the well-accepted, although
relatively modest, risk factors for breast cancer (i.e. age at menarche and meno-
pause, family history of breast/ovarian cancer) are accessible to lifestyle modifica-
tion. Interestingly, some risk factors for breast cancer may have a different
significance among BRCA1/2 mutation carriers. Thus, pregnancy, which is asso-
ciated with a reduction in the incidence of subsequent breast cancer in the general
population, appears to increase the risk of early-onset breast cancer in BRCA1/2
mutation carriers (Jernstrom et al., 1999). Moreover, in a provocative retrospec-
tive study, Brunet et al. (1998) showed that cigarette smoking was associated with
a decrease in breast cancer risk among women with BRCA1/2 mutations. This
result should be confirmed in other studies, as although the incidence of other
hormonally sensitive cancers, such as endometrial cancer (Lesko et al., 1985) and
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thyroid cancer (Rossing et al., 2000), are also inversely related to cigarette con-
sumption, the effect observed in the study of Brunet et al. was based on rather low
levels of consumption and small differences between cases and controls (mean
number of pack-years of cigarette smoking in cases, 4.5; controls, 6.1; P=0.04).

The issue of hormone replacement therapy (HRT) in BRCAI/2 mutation
carriers is particularly difficult. HRT in the general population has been reported
to be associated with a moderate, but significant, increase in breast cancer risk,
particularly with a long period of use. A prospective cohort study of 37 105 women
found a relative risk (RR) for breast cancer of 1.81 and 2.65 for women who had
used HRT for 5 or less years, or more than 5 years, respectively (Colditz et al.,
1990). But not all large, prospective, cohort studies are concordant with an
increased risk of breast cancer associated with HRT use (Schuurman et al., 1995;
Willis et al., 1996). The most recent collaborative re-analysis of data from 51
epidemiological studies of 52 705 women with breast cancer and 108 411 women
without breast cancer found that the probability of having breast cancer diagnosed
is increased by 2.3% (95% confidence interval (CI), 1.1-3.6%) per year of HRT
use, or a 31% increase in breast cancer incidence for long-term HRT users
(Collaborative Group on Hormonal Factors in Breast Cancer, 1997). Of note, in
the Royal Marsden study that showed no significant preventive effect with
tamoxifen (Powles et al., 1998), the use of HRT at randomization was a risk factor
for breast cancer development (RR=1.9; P<0.04) compared with women not
receiving HRT.

HRT users develop breast cancer at a younger age than non-users, supporting
the hypothesis that oestrogens accelerate the growth of pre-existing tumours
(Bilimoria et al., 1999; Cobleigh et al., 1999). Moreover, the issue of an increased
breast density associated with HRT is particularly worrisome in a high-risk
subgroup (Laya et al., 1996; Ursin et al., 1998; Chlebowski and McTiernan, 1999;
Kavanagh et al., 2000). The impact of combined oestrogen and progestin on the
risk of breast cancer has been controversial (Verheul et al., 2000), but the evidence
that the addition of progestins to oestrogens increases the risk of breast cancer is
strong (Schairer et al., 2000; Willett et al., 2000), possibly because the combination
increases the breast density and thus reduces the sensitivity and specificity of the
mammographic screening. The impact of the combined hormonotherapy on
breast cancer risk among BRCA1/2 mutation carriers is unknown.

Despite the absence of early evidence that HRT has significant effect on breast
cancer recurrence in women previously treated for breast cancer (Col et al., 2001),
it is probably recommendable to avoid a ‘routine’ prescription of HRT among
women with BRCA1/2 mutations. Decision analysis suggests that the absolute
benefit of HRT falls as the risk of breast cancer increases (Armstrong et al., 2000).
Indications for HRT, such as the treatment of debilitating symptoms due to
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oestrogen deprivation (e.g. hot flushes, mood disturbances, sexual dysfunction) or
the prevention of chronic diseases, based on a personal or family history of
osteoporosis or coronary heart disease, should be carefully distinguished and
investigated, as should the alternative treatments for each situation (Chlebowski
and McTiernan, 1999; Willett et al., 2000). For example, tamoxifen or raloxifene
prescription is a good option for preventing osteoporosis without increasing (and
possibly even decreasing) the risk of breast cancer development. HRT may also be
prescribed for a restricted period of time, for example after prophylactic
oophorectomy performed during the premenopause until age 50 years (Eisen et
al., 2000b; Rebbeck, 2000), but there are no convincing data to support this
recommendation. The combination of HRT with tamoxifen has been proposed as
an alternative for hormone deficiency symptom relief, but no data are yet available
in terms of effect on breast cancer risk, particularly in high-risk women. Interest-
ingly, in the Italian prevention trial with tamoxifen (Veronesi et al., 1998), there
was one case of breast cancer in the tamoxifen + HRT group compared with eight
in the placebo+HRT group (P=0.02), suggesting a particular efficacy of
tamoxifen in the context of exogenous oestrogen use. Such a difference was not
seen in the UK tamoxifen prevention trial (Powles et al., 1998). For women with
an intact uterus, raloxifene might counter the increased risk of endometrial cancer
observed with oestrogen replacement therapy, without increasing the risk of breast
cancer, which might be observed if a progestin were to be added in its place.

Medical intervention (chemoprevention)

Evidence that implicates both endogenous and exogenous oestrogens in the
development and growth of breast cancer has been recently reviewed (Clemons
and Goss, 2001). A series of experimental data, although incomplete, support the
hypothesis of a close interaction between oestradiol and BRCA1 or BRCA2
pathways (Gudas et al., 1995; Marquis et al., 1995; Marks et al., 1997; Rajan et al.,
1997; Fan et al., 1999; Hilakivi-Clarke, 2000).

Tamoxifen — a non-steroidal anti-oestrogen synthesized in 1966 — was the first
anti-oestrogen to be approved for the treatment of breast cancer in 1973 (Jordan,
2000). Initially used in the treatment of advanced stages, it was rapidly used as an
effective adjuvant treatment in oestrogen receptor (ER) positive cases. In the
meta-analysis performed by the Early Breast Cancer Trialists” Collaborative Group
(EBCTCG) (1998), a gain of 25 years’ survival could be attributed to tamoxifen
as an adjuvant hormonal agent. The same analysis also confirmed that women
who had received tamoxifen for 5 years had a 47% reduction in new primary
breast cancer occurring in the 10 years after treatment initiation (P<0.00001)
(Early Breast Cancer Trialists’ Collaborative Group, 1998). Based on these obser-
vations, several multicentre, randomized trials have been initiated to assess the
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efficacy of tamoxifen as an agent for the prevention of breast cancer (Cuzick,
2000).

The National Surgical Adjuvant Breast and Bowel Project (NSABP) P1 study or
the Breast Cancer Prevention Trial enrolled 13 388 women between 1992 and 1997
(Fisher et al., 1998). The eligible women should have had an increased risk of
breast cancer based on a modified version of the Gail model (Gail et al., 1989). The
risk of developing breast cancer should be at least equivalent to a 5-year risk of an
average 60-year-old woman (1.67%). Women with concurrent HRT were ex-
cluded. This large, randomized, double-blind study was terminated early after a
median follow-up of 4.7 years by an independent data monitoring committee, as
women in the tamoxifen arm demonstrated a significant reduction in invasive (89
events vs 175; odds ratio (OR) =0.51; 95% CI, 0.39-0.66; P<0.0001) and non-
invasive (35 events vs 69; OR =0.50; 95% CI, 0.33-0.77; P<0.002) breast cancer
incidence (Fisher et al., 1998). The risk reduction was seen in all age and family
history risk groups, but was greater in women aged 60 years (55%) than in women
aged 49 years or younger (44%). Of note, ER-positive, but not ER-negative, breast
cancers were prevented and a reduction of the breast-cancer-specific mortality was
not found among women taking tamoxifen, but the median follow-up was
probably too short to adequately evaluate this end-point. A significant reduction
in the incidence of bone fractures to the hip, radius and spine was also noted,
probably due to the maintenance of bone mineral density. With these findings, the
US Food and Drug Administration approved tamoxifen (20 mg/day for 5 years)
for breast cancer risk reduction in high-risk women, similarly defined as in the
NSABP-P1 trial.

Data are just emerging that hoped to answer the question of great relevance to
BRCA1/2 mutation carriers: can tamoxifen prevent primary breast cancer in
BRCA1/2 mutation carriers? Mary-Claire King recently presented the preliminary
results from BRCAI/2 mutation analysis of 288 women who developed breast
cancer during the P-1 study (King et al., 2001, presented at ASCO, 13 May).
Nineteen mutation carriers (11 BRCA2, 8 BRCAI) were identified. Among af-
fected BRCA2 mutation carriers, three had been randomized to tamoxifen and
eight to placebo. For BRCAI, the numbers were five and three respectively. This
result suggests that women with BRCAI mutations are unlikely to benefit from
tamoxifen, whereas BRCA2 mutation carriers may gain benefit. Interestingly, of
the seven BRCAI-related breast tumours with known ER status, six were ER
negative, whereas for the nine evaluable BRCA2-related cancers, six were ER
positive. These data fit with both the findings and interpretation of Karp et al.
(1997) who, on observing that BRCA I-related tumours were more likely to be ER
negative than BRCA2-related cancers, wrote: “Tamoxifen use has been considered
to be a preventive strategy for women with inherited risks for breast carcinoma.
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The current data show that this strategy may be appropriate for BRCA2 carriers,
but raise concern that . . . BRCA1 carriers . . . may not be susceptible to anties-
trogenic measures’. It is therefore of some interest that two prospective European
studies that also assessed tamoxifen (20 mg/day) as a breast cancer preventive drug
were unable to reproduce the NSABP-P1 results (Table 15.3). Could this be
because there were substantial numbers of BRCAI mutation carriers in these two
studies?

Between 1986 and 1996, the randomized Royal Marsden Hospital Tamoxifen
Chemoprevention Trial enrolled 2471 healthy women aged 30-70 years with an
increased risk of breast cancer that was strictly based on family history; 26% of
them were taking HRT (Powles et al., 1998). After a median follow-up of 5.8 years,
an interim analysis showed that the overall frequency of breast cancer was similar
in women in the tamoxifen or placebo arm (34 vs 36 events; RR = 1.06, 95% ClI,
0.7-1.7; P=0.80). Thirty-six per cent of all participants and more than 60%
(44/70) of those developing breast cancer had a greater than 80% probability of
carrying a BRCA1 or BRCA2 mutation, but early data on mutation frequency do
not suggest that this many mutations will in fact be identified in this cohort of
women (R. Eeles, personal communication) and, in particular, there is no evi-
dence that BRCAI mutation carriers are more prevalent than are BRCA2 mutation
carriers. The authors have therefore argued that oestrogen promotion, which is
counteracted by tamoxifen, may not be important in the aetiology of clinical
breast cancer in carriers of mutations in highly penetrant genes, including those
that remain undiscovered.

An increased risk of breast cancer was not a criterion for women to be eligible in
the Italian Tamoxifen Prevention Study (Veronesi et al., 1998). This study was
restricted to hysterectomized women, and a past history of oophorectomy was
noted in 48% of the participants. Between 1992 and 1997, 5408 women aged
35-70 years were randomized to receive either tamoxifen or placebo for 5 years,
and HRT was allowed. This study was stopped early ‘because of the number of
women dropping out’. After a median follow-up period of 3.8 years, the frequency
of breast cancer was the same in the tamoxifen and the placebo groups (22 vs 19
events, respectively; P=0.64) (Veronesi et al., 1998). There was a statistically
significant reduction of breast cancer among women receiving tamoxifen who also
used HRT during the trial.

Interpretation of these conflicting data have been widely discussed (Eeles and
Powles, 2000; Fisher et al., 2000; Jordan, 2000; Mamounas, 2000; Vogel, 2000). No
clear reasons for the lack of effect seen in the UK study have emerged, and despite
the suggestion that the criteria for entry in the UK study were biased towards those
more likely to carry mutations in highly penetrant genes, mutations in
BRCA1/2 do not appear to be common in the UK study (R. Eeles, personal
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communication). The two European studies were smaller in sample size, had
major differences in the studied populations and were less well designed than the
NSABP-PI trial.

Risk/benefit assessment of tamoxifen as a preventive agent is a crucial issue
(Chlebowski et al., 1999; Fisher, 1999; Gail et al., 1999; Lippman and Brown,
1999). In the NSABP-P1 trial, the administration of tamoxifen was associated with
an increased risk of endometrial cancer (RR =2.5) and thrombo-embolic events
(RR for stroke=1.6; RR for pulmonary embolism=3; and RR for deep-vein
thrombosis=1.6) (Fisher et al., 1998). These side-effects increased with age. A
significant increased rate of thrombo-embolic events was also noted in the Italian
Tamoxifen Prevention Study (Veronesi et al., 1998). A woman with a personal or a
family history of thrombo-embolic events should be referred to an appropriate
clinic to evaluate her haemostatic status before the prescription of tamoxifen.
Surprisingly, a recent study revealed that endometrial cancer diagnosed after
tamoxifen use could be associated with adverse clinicopathological characteristics
and a worse outcome (Bergman et al., 2000). Association of tamoxifen use with
poorly differentiated, highly proliferative endometrial cancer with poorer survival
is still controversial (Jordan and Assikis, 1995; Barakat, 1998; Lasset et al., 2001;
Narod et al., 2001a). Of note, all of the 36 women in the NASBP-P1 study who
developed endometrial cancer in the tamoxifen arm had a stage I disease and were
alive at the end of the study (Fisher et al., 1998). Interestingly, local administration
of progestagens has been suggested to reduce the deleterious effect of tamoxifen on
the endometrium (Dickson and Pandiarajan, 2001; Marsh and Mayfield, 2001).
Women receiving tamoxifen should have a careful gynaecological history taken
and should undergo annual pelvic examination (Chlebowski, 2000). Any abnor-
mal vaginal bleeding or discharge should be strictly evaluated before and during
the administration time of tamoxifen by endometrial sampling and transvaginal
ultrasound. Outside of clinical trial, routine ultrasonography or endometrial
biopsy is not recommended in asymptomatic patients receiving tamoxifen
(Barakat, 1999; Suh-Burgmann and Goodman, 1999; Barakat et al., 2000; Gerber
et al., 2000; Runowicz, 2000). There was no increased risk of cancer at sites other
than the endometrium in any of the three studies.

Treatment with tamoxifen has also been associated with a reduction in breast
density in both premenopausal and postmenopausal women (Ursin et al., 1996;
Atkinson et al., 1999). Psychological and sexual evaluations were performed
among women in tamoxifen-based preventive trials, both in North America and
the UK, and no evidence of side-effects associated with tamoxifen was found (Day
et al., 1999; Fallowfield et al., 2001).

The efficiency of tamoxifen as a preventive agent of primary breast cancer
among BRCA1/2 mutation carriers has not been extensively studied. The recent
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data from the P-1 study (see above) is so far all we have, but even this study was
not large enough to observe significant effects. To date, a single case-control study
evaluating the protection against contralateral breast cancer in BRCA /2 mutation
carriers has been published (Narod et al., 2000). This matched case-control study
compared 209 BRCAI/2 mutation carriers with bilateral breast cancer with 384
matched controls with unilateral breast cancer. A 75% reduction in risk of
contralateral breast cancer was noted among women who used tamoxifen for 2—4
years. According to the authors of this multicentre studys, it is reasonable to predict
that tamoxifen will also reduce the occurrence of primary cancers in BRCAI and
BRCA2 mutation carriers. This postulate is clearly in conflict with that resulting
from the mutation results of the P-1 study. It is worth noting that the reduction in
new primary cancers noted among women taking tamoxifen in the EBCTCG
meta-analysis occurred regardless of whether the initial tumour was ER positive
(30+£6%) or ‘poor’ (29+15%) (Early Breast Cancer Trialists’ Collaborative
Group, 1998). Nevertheless, if 80% of BRCAI-related breast cancers are ER
negative, and the ER status of the first and second cancers are independent, then
64% of BRCAI mutation carriers who develop bilateral breast cancer will have two
ER-negative tumours, 4% will have two ER-positive cancers, and 32% will have
tumours with opposing ER status. It seems implausible that in Narod’s study, the
entire observed benefit was due to a response in 20% of all mutation carriers (16%
who would have had an ER-negative cancer, followed by an ER-positive cancer,
and 4% where both the tumours would have been ER positive). Therefore, one
question is whether or not tamoxifen can prevent ER-negative second primary
breast cancers in BRCAI mutation carriers. Narod’s analysis has not directly
answered this, and it will require documentation of the ER status of all primary
and secondary tumours in Narod’s series of carriers who did or did not take
tamoxifen before tamoxifen will become widely prescribed as a BRCAI-related
breast cancer preventive drug. Although unlikely, it is possible that in BRCAI
mutation carriers who have had cancer, tamoxifen is not acting in quite the same
way as it is in non-carriers. Certainly, the addition of oophorectomy to tamoxifen
had a striking effect on the contralateral breast cancer rate.

Raloxifene — a new selective oestrogen receptor modulator (SERM) — was
evaluated in the large, randomized, Multiple Outcomes Raloxifene Evaluation
(MORE) study as an agent for the prevention of osteoporosis-related bone
fractures in postmenopausal women (Cummings et al., 1999). The major advan-
tage of this SERM should be its absence of oestrogenic-like effects on the endomet-
rial mucosa, associated with a presumably similar protective action to tamoxifen
on the mammary gland and blood lipid profile (Love et al., 1994; Chlebowski et
al., 1999). In the MORE trial, raloxifene significantly reduced osteoporosis and its
complications after a median follow-up of 3.3 years (Cummings et al., 1999). A
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significant decrease in invasive breast cancer cases was noted in the raloxifene arm
(RR=0.24; 95% CI, 0.13-0.44; P<0.001). Again in this study, the reduction of
risk was limited to ER-positive tumours. Thrombo-embolic events were signifi-
cantly more frequent in women taking raloxifene (RR = 3.1; 95% CI, 1.5-6.2). The
breast cancer protective effect associated with raloxifene use has been recently
confirmed after 4 years of follow-up (RR=0.28;95% CI, 0.17-0.46) (Cauley et al.,
2001). The effect of raloxifene in premenopausal women has not been evaluated.
According to the recent guidelines elaborated by the American Society of Clinical
Oncology, it is premature to prescribe raloxifene to lower the risk of developing
breast cancer outside of a clinical trial setting (Chlebowski et al., 1999). The
on-going randomized Study of Tamoxifen and Raloxifene (STAR) or the NSABP-
P2 trial, initiated in 1999, is assessing the breast cancer risk reduction associated
with these two drugs. Eligibility criteria are similar to those used in the NSABP-P1
trial, but currently only postmenopausal women are being enrolled, so this study
will not provide information of direct relevance to BRCA1/2 mutation carriers.

Important issues — such as the optimal dose, length and age to begin chemo-
prevention, the efficacy of other SERMs (Labrie et al., 1999) and the place of
different agents, either alone or in combination with other preventive approaches,
such as aromatase inhibitors (Goss and Strasser, 2001), luteinizing hormone-
releasing hormone agonists (Spicer and Pike, 2000), retinoids (Lotan, 1996;
Lippman et al., 1998; Veronesi et al., 1999) or drugs derived from plants (e.g.
isoflavones, indole-3-carbinol) (Osborne, 1999) — are currently being investigated
(McCaskill-Stevens et al., 1999; Conley et al., 2000; Cuzick, 2000; Mehta, 2000).
For example, the Raloxifene and Zoladex Research Study, a pilot study to assess
chemopreventive tolerability and efficiency of raloxifene combined with goserelin
in very-high-risk women (presumably BRCAI/2 mutation carriers) aged 35-45
years, will be launched in the UK and Australia (Eeles and Powles, 2000). All of
these chemopreventive strategies are in early stages of development, and drug
safety and tolerability are essential issues in chemopreventive treatment dedicated
to healthy women.

As most of the BRCAI-related breast cancers do not express ER and thus are not
expected to respond to anti-oestrogen therapy, the issue of the efficiency of
tamoxifen as a preventive drug is important in hereditary cancer. The stage in
tumour progression at which hormone independence may arise is not defined.
The conjecture that ER expression is absent at the earliest stages of BRCAI-related
breast cancer carcinogenesis has not been refuted. Indeed, it has been supported
by the work of Gusterson and colleagues, who demonstrated that 11 (66%) ductal
carcinoma in situ lesions associated with 16 BRCA1/2-invasive breast cancers were
ER negative (Osin et al., 1998).

In summary, the effects of tamoxifen or raloxifene in BRCA1/2 mutation
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Table 15.4. Prophylactic mastectomy and breast cancer prevention

No. of Risk
Type of Follow-up  breast reduction

Study n mastectomy (yrs) cancers (%)
Woods, 1983 1400 Subcutaneous 17 3 91
Pennisi and 1500 Subcutaneous 9 6 >90
Capozzi, 1989
Hartmann et al., 575 Subcutaneous 14 7 >90
1999a 64 Total 14 0 100

425 (moderate-risk FH) 14 4 89.5

214 (high-risk FH) 14 3 94

FH, family history.

carriers is unknown, but some indirect evidence exists that these SERMs effectively
reduce breast cancer risk in this particular subgroup. Among some important and
currently unresolved issues, we should mention the impact of these drugs in the
prevention of BRCAI ER-negative breast cancer, the benefit in terms of survival,
and the risks/benefits ratio among premenopausal women.

Surgical intervention

The option of prophylactic mastectomy has been a matter of debate (Wapnir et al.,
1990; Klijn et al., 1997; Eisen and Weber, 1999). Prophylactic mastectomy has not
been rigorously evaluated either among women carrying a genetic predisposition,
or in the general population. There are no prospective controlled trials of the
reduction of breast cancer risk associated with bilateral prophylactic mastectomy
(Hughes et al., 1999). The several published series on prophylactic mastectomy are
retrospective and disparate, particularly regarding the eligible criteria for surgery,
and none are randomized (Table 15.4). Prophylactic mastectomy has been ad-
vocated after multiple previous breast biopsies, unreliable results on physical
examination (because of nodular disease), findings of dense breast tissue on
mammography or extreme fear of cancer (Hartmann et al., 1999b). Nevertheless, a
reduction of breast cancer risk after prophylactic mastectomy was evaluated at
90-100%. In a well-designed retrospective cohort study at the Mayo Clinic
between 1960 and 1993, 639 women were classified as having either a moderate or
high risk of breast cancer based on their family history (Hartmann et al., 1999a).
After a median follow-up of 14 years, a risk reduction of 89.5% (P<0.00001) and
92% was shown in the moderate (n=425) and the high-risk group (n=214),
respectively. The reduction in breast cancer mortality has been estimated to be
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100% in the moderate-risk group and 81-94% in the high-risk group, depending
on the method used to calculate the expected rates (Hartmann et al., 1999a). In the
context of BRCAI or BRCA2 mutations, most experts advocate a total mastectomy
rather than a subcutaneous procedure, as this latter intervention does not allow an
optimal resection of glandular tissue, by preserving the nipple—areolar complex
(Hughes et al., 1999; Eisen et al., 2000b). In fact, no comparative studies are
available, and cases of breast cancer following either total or subcutaneous pro-
phylactic mastectomy have been reported (Eldar et al., 1984; Goodnight et al.,
1984; Ziegler and Kroll, 1991). Options of reconstructive surgery, as well as
potential surgical complications of this irreversible procedure, should always be
discussed with the proband and a plastic surgeon before the intervention.

It has been known for many years that oophorectomy can reduce the incidence
of breast cancer (Hirayama and Wynder, 1962; Brinton et al., 1988; Meijer and van
Lindert, 1992; Parazzini et al., 1997) and improves survival after breast cancer in
an adjuvant setting (Early Breast Cancer Trialists’ Collaborative Group, 1996).
Recent studies have confirmed the benefit of a prophylactic oophorectomy in
women carrying BRCA1/2 mutations, with a reduction of breast cancer risk of up
to 60%, particularly if the oophorectomy was performed before the age of 40 years
(Rebbeck et al., 1999; Eisen et al., 2000a; Narod et al., 2000). Interestingly, the
lower risk persisted (and is even more marked) after 10 years of follow-up
(adjusted hazard ratio (HR) =0.3; 95% CI, 0.1-0.9) and, perhaps surprisingly,
HRT did not seem to significantly reduce the benefits of the procedure (Rebbeck et
al., 1999). This latter issue is still controversial, according to the relatively small
number of women evaluated in these studies and the previous data concerning
HRT and breast cancer risk. Moreover, the effects of oophorectomy and tamoxifen
in reducing the risk of contralateral breast cancer among BRCAI/2 mutation
carriers suggested they were independent (Narod et al., 2000). Thus, in BRCAI/2
mutation carriers, prophylactic oophorectomy at the end of child-bearing years or
at age 40 years is often recommended, particularly because no ovarian cancer
screening programme has been shown to reduce the mortality from the disease
(Rosenthal and Jacobs, 1998). This surgical option is certainly less physically
evident than prophylactic mastectomy and is likely to be more popular (Matloff et
al., 2000) and may be effective in reducing cancer risks on the two major organs at
risk in BRCAI/2 mutation carriers. A salpingectomy should be associated with the
oophorectomy, as rare cases of primary fallopian tube cancer have been described
among patients with BRCA1, and rarely with BRCA2 mutations (Delaloge et al.,
2000; Zweemer et al., 2000; Aziz et al., 2001; Paley et al., 2001).

Few studies have addressed quality-of-life issues in women who have opted for
prophylactic mastectomy or oophorectomy (Eisen et al., 2000b). Five to twenty
per cent of women who have undergone prophylactic mastectomy reported at
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least some dissatisfaction (Borgen et al., 1998; Frost et al., 2000). The potential
psychological impact of a prophylactic mastectomy or oophorectomy should
always be evaluated and explained to the proband, as well as the current absence of
data that demonstrate a benefit in terms of survival gain in the context of BRCA1/2
mutations (Metcalfe et al., 2000). Interestingly, the first prospective psychosocial
study of bilateral prophylactic mastectomy found that 79 English women at high
genetic risk of breast cancer who chose to undergo surgery had reduced psychoso-
cial morbidity 6-18 months after surgery (Hatcher et al., 2001). The 64 women
who declined surgery showed no such reduction. Neither body image nor sexual
functioning significantly changed among women in either group. Cross-cultural
and intercultural differences in women’s attitudes toward prophylactic surgical
procedures, particularly mastectomy, have been discussed (Eisen et al., 2000b;
Eisinger et al., 2000). In the Netherlands, among unaffected BRCA1/2 mutation
carriers eligible for prophylactic surgery, the majority of women underwent either
bilateral mastectomy (35/68) or oophorectomy (29/45) (Meijers-Heijboer et al.,
2000). Most of the surgical procedures were performed in the 12 months following
DNA test disclosure.

Some interesting models have been developed to appreciate the potential
benefit of various preventive procedures in terms of gain in life expectancy (Schrag
et al., 1997, 2000; Grann et al., 1998, 2000). All of these models are based on a
series of assumptions (e.g. efficacy of prophylactic interventions, proportion of
node-negative breast cancer, similar survival for hereditary breast and ovarian
cancer as sporadic cases), which render their estimations of limited value when
faced with a real clinical case. Nevertheless, these models can give some insights
into the effectiveness of options we regularly discuss with women at risk.

Reducing the risk of second primary breast cancer

Women with a previous diagnosis of breast cancer, particularly if younger than 50
years, may be more likely to opt for prophylactic surgery of the contralateral breast
than healthy women (Metcalfe et al., 2000; Wagner et al., 2000). Based on a
reduced or delayed incidence of ipsilateral recurrences compared with the high
incidence of contralateral breast cancer, a randomized trial of unilateral vs bilat-
eral radiotherapy in BRCA1/2 mutation carriers who undergo breast-conserving
surgery, measuring the incidence of new cancers in the contralateral breast, might
be considered (see Chapter 6).

Reducing the risk of ovarian cancer for a woman with no previous cancer

Medical intervention

Oral contraceptives (OC) are known to be associated with a significant reduction
of ovarian cancer risk (RR ~ 0.5) (Franceschi et al., 1991; Whittemore et al., 1992).
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A similar reduction was reported for BRCAI and BRCA2 mutation carriers that
used OC (RR =0.4; 95% CI, 0.2-0.7) (Narod et al., 1998), and the risk decreased
with increasing duration of use. These data have been recently confirmed in an
extended and more complete series of women (OR = 0.44; P=0.002) (Narod et al.,
2001b). Nevertheless, independent confirmation is required, particularly as the
control group in the first study were BRCAI/2 mutation carriers with intact
ovaries, most of whom had had breast cancer. It is indeed problematic to find an
adequate control group when cancer risks are so high and mutations are rare.

A meta-analysis of the data from 54 epidemiological studies with 53 297 women
with breast cancer and 100239 women without breast cancer on the relation
between OC and breast cancer concluded a slight but significant increase in breast
cancer risk (Collaborative Group on Hormonal Factors in Breast Cancer, 1996a).
Current users of OC had a higher RR of breast cancer (1.24; 95% CI, 1.15-1.39;
P<0.00001) than women who had never used OC. A slightly elevated risk of
breast cancer persisted for up to 10 years after cessation of OC. A family history of
breast cancer does not modify the effect of OC on risk in general (Collaborative
Group on Hormonal Factors in Breast Cancer, 1996b). It is not known if this slight
increase in breast cancer risk is similarly present among women carrying BRCA1/2
mutations. Indeed, one small study of Ashkenazi Jewish women with breast cancer
suggested that OC may increase the risk of breast cancer more among BRCAI/2
mutation carriers than among non-carriers (Ursin et al., 1997). A recent publica-
tion showed a worrisome increased risk for breast cancer associated with strong
family history of breast cancer and OC use (Grabrick et al., 2000). These authors
conducted a large historical cohort and found a significant correlation between
ever use of OC and risk of breast cancer in sisters and daughters of 426 consecu-
tively ascertained probands with breast cancer (RR =3.3; 95% CI, 1.6-6.7). More-
over, the risk to first-degree relatives increased with the number of affected
relatives in the family: the RR rose from 4.6 (95% CI, 2.0-10.7) for families with
three members with breast/ovarian cancers to 11.4 (95% CI, 2.3-56.4) for families
with five or more relatives affected. No data are available regarding the BRCA1/2
status for these families and the possibility that most of the increased risk is due to
formulations of OC with higher levels of oestrogen and progestins has been raised.

In summary, despite a substantial reduction in ovarian cancer risk associated
with OC, use of this convenient means of birth control should be carefully
discussed with women harbouring BRCAI/2 mutations, as breast cancer risk may
be a real concern (Burke, 2000).

Surgical intervention

Considering the absence of efficient screening programmes, the high mortality
rate associated with ovarian cancer and a surgical procedure view as less
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mutilating than bilateral mastectomy, prophylactic oophorectomy in BRCAI/2
mutation carriers is regarded as a reasonable option. The optimal type of surgical
procedure (laparoscopy vs laparotomy) has not been evaluated, but laparoscopic
oophorectomy or adnexectomy has been the option for most women undergoing
this preventive surgery (Morice et al., 1999; Eisen et al., 2000b). The risk of ovarian
cancer is substantially reduced after oophorectomy, although a precise estimate is
not available. In one multicentre retrospective cohort of 248 BRCA1/2 mutation
carriers who underwent prophylactic oophorectomy with a mean follow-up of 9.4
years, Weber et al. (2000) reported a highly significant reduction in ovarian cancer
risk with an adjusted hazard ratio (HR) =0.02 (95% CI, 0.002—0.12). This result
needs confirmation in a prospectively designed study. The optimal age to perform
the surgery is probably after completion of childbearing or after age 35 years (NIH
Consensus Conference, 1995), but probably before 45 years, particularly among
BRCAI mutation carriers, as an early age at onset of ovarian cancer has been
repeatedly observed (Eisen et al., 2000b). Moreover, the induced premature
menopause with its potential deleterious consequences (onset of menopausal
symptoms, potential risk of accelerated cardiovascular disease or osteoporosis)
should also be balanced against the reduction of breast cancer risk, the latter being
obvious mainly when the oophorectomy procedure is performed during the
premenopausal period. The pathologist should be alerted to the indication for
oophorectomy so that a thorough pathological examination can be performed
(Salazar et al., 1996). The occurrence of primary serous carcinoma of the peri-
toneum among BRCA1/2 carriers, before or after oophorectomy, has been previ-
ously discussed (see Chapter 4).

Hysterectomy at the time of prophylactic oophorectomy has been advocated by
some experts, as it simplifies the prescription of HRT, the prescription of
exogenous progesterone being no longer indicated, and it eliminates the risk of
endometrial cancer that is associated with tamoxifen use (Eisen et al., 2000b).

Tubal ligation has been associated with a decreased risk of invasive epithelial
ovarian cancer in several case-control and prospective studies (Whittemore et al.,
1992; Hankinson et al., 1993; Rosenblatt and Thomas, 1996). The mechanism
underlying this effect is not known. The Hereditary Ovarian Cancer Clinical Study
Group has conducted a matched case-control study to assess the impact of tubal
ligation among 464 women who were found to carry BRCA1 or BRCA2 mutations
(Narod et al., 2001b). Half of these women had a history of invasive ovarian cancer
and were matched for year of birth, country of residence and mutation status with
women with both ovaries intact. After adjustment for OC use, parity, breast cancer
and ethnic group, the OR for developing ovarian cancer associated with tubal
ligation was 0.39 (95% CI, 0.22-0.70; P=0.002) among BRCA 1 mutation carriers.
The greatest protection was seen when tubal ligation was performed before age 30
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years. No protective effect of tubal ligation was observed among BRCA2 mutation
carriers (OR=1.19; 95% CI, 0.38-3.68). Interestingly, the combination of tubal
ligation and a history of contraceptive use among BRCAI mutation carriers was
associated with a greater protective effect (OR=0.28; 95% CI, 0.15-0.52;
P<0.0001). Based on these results, the authors concluded that tubal ligation is an
attractive option for reducing the risk of ovarian cancer in women with BRCA1
mutations who had completed childbearing.

Reducing the risk of cancers at other sites
Prostate cancer

Trials are ongoing or will be launched soon to evaluate the effects of finasteride,
selenium and vitamin E as chemopreventive agents for prostate cancer in the
general population or in men with a higher risk based on their family history of
prostate cancer (Costello, 2001; Greenwald, 2001; Nabhan and Bergan, 2001). No
particular trial has been designed for male BRCAI or BRCA2 mutation carriers.

Pancreas, head and neck, and stomach cancer

Despite the increased risk associated with BRCA1/2 germline mutations, the
absolute risk for these cancers is still low as they are rare in the general population.
No particular approach to prevent these cancer types has been discussed for
BRCA1/2 mutation carriers.

Early detection

The main screening tools that are available and proposed in the hereditary
breast/ovarian cancer syndrome are summarized in Table 15.5. All of these
measures are based on the same concept, namely that the early detection of a
tumour lesion allows the administration of an optimal treatment at a non-
advanced stage, which should give the better chance of survival. Whether this
concept actually applies equally to BRCA1/2-related cancers as it does generally is
not known. Indeed, the recommendations proposed for the clinical management
of women with an inherited predisposition to breast and ovarian cancer are, in
fact, extrapolated from the ones given to the general population (Burke et al.,
1997; Eisinger et al., 1998; Vasen et al., 1998). Several variations in these recom-
mendations given by US and French experts have been noted, particularly regard-
ing breast self-examination, lifestyle and prophylactic surgery (Eisinger et al.,
1999a). Nevertheless, the uncertainties are similar regarding the incomplete or
equivocal scientific evidence on risk reduction for all these areas, and the differen-
ces are essentially subtle and may reflect some socio-cultural variations between
and within North America and Europe (Julian-Reynier et al., 2001).
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Table 15.5. Screening recommendations for women at high risk of breast/ovarian cancer

Measure Frequency Age at start (years)

Breast cancer

Breast self-examination 1 per month In the early 20s
Clinical breast examination 2-3 per year 25
Mammography 1-2 per year 25-30

Breast ultrasound Under evaluation

Breast magnetic resonance imaging Under evaluation

(MRI)

Ovarian cancer

Pelvic examination 1 per year 25-35 (regular gynaecological
examination)

Transvaginal echography with colour 1-2 per year

Doppler imaging

CA125 level 1-2 per year

Note: None of these abovementioned measures has formally demonstrated its efficacy in the
subgroup of women harbouring germline BRCA1/2 mutations, particularly in term of breast/
ovarian cancer mortality reduction. These recommendations are based on experts’ advice, but
the type, frequency and the age at which these surveillance methods should start are speculative
and not based on data from studies conducted in this particular subgroup. In particular, some
authorities have argued that ovarian screening is counterproductive, as it may deter women
from considering prophylactic oophorectomy. Variations for some recommendations have
been noted between US and French experts (Eisinger et al., 1999b).

As these measures concern a subgroup of women with a particularly high
prevalence of the disease, an increase in sensitivity and specificity is expected.
Nevertheless, epidemiological data and biological characteristics of hereditary
cancers should not be forgotten. Thus, the sensitivity of the mammography in
premenopausal women — a subgroup particularly at risk with BRCA /2 mutations
— may be decreased because of the density of the mammary tissue. Moreover, a
high frequency of interval cancers has been reported, probably linked to the
characteristics of these lesions, i.e. high grade of malignancy and high proliferative
rate. Thus, development and evaluation of new techniques of imaging are eagerly
awaited.

The issue of adherence to cancer surveillance guidelines and potential psycho-
logical distress are critical in the management of high-risk women (Lerman and
Schwartz, 1993; Lynch et al., 1994), as psychological concern may negatively affect
the adherence to screening guidelines (Lerman et al., 1993).
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Breast cancer

Breast self-examination

A reduction in breast cancer mortality has not been associated with randomized
studies that evaluated breast self-examination (Semiglazov et al., 1993; Thomas et
al., 1997). Nevertheless, breast self-examination or ‘breast awareness’ is advocated
in women identified as at high risk of developing breast cancer, probably because
it is one of the rare proactive measures available (Burke et al., 1997; Moller et al.,
1999a; Eisen et al., 2000b). No data are yet available that have assessed the efficacy
of this surveillance practice in this particular subgroup.

Clinical examination

Regular clinical breast examination practice in the general population has been
reinforced by the provocative conclusion of the second Canadian national breast
screening trial (Miller et al., 2000). This study showed that breast examination was
as effective (or perhaps, since death rates were not reduced in either arm, as
ineffective) as yearly mammography combined with clinical examination in
women aged 50-59 years in the reduction of breast cancer mortality after a mean
follow-up of 13 years. No study has evaluated the impact of clinical breast
examination among BRCAI/2 mutation carriers. Our clinical impression is that
most BRCA1/2 mutation carriers detect the breast cancers themselves, and that
mammography confirms the presence of a probably malignant lesion.

Mammography

Despite a meta-analysis that found a reduction of up to 18% in breast cancer
mortality among 40- to 49-year-old women following regular mammographic
screening (Hendrick et al., 1997), the effectiveness of this tool for the surveillance
of premenopausal women remains debatable (Eckhardt et al., 1994; Kerlikowske et
al., 1995; Peer et al., 1996; Gotzsche and Olsen, 2000; Smith, 2000; Ringash, 2001).
As mentioned previously, a higher cancer detection rate and a lower false-positive
rate are expected in BRCA1/2 mutation carriers (Gail and Rimer, 1998; Armstrong
and Weber, 2001), but some pitfalls should be considered.

Young age and a positive family history of breast cancer have been associated
with screening failure (Tabar et al., 1993; Burhenne et al., 1994; Kerlikowske et al.,
1996). In the presence of dense breast tissue on mammogram, the absence of
detection of suspicious lesion could be misleading, both in young and older
women. In a large retrospective study among women aged 40 years or older
participating in a mammographic screening programme in western Washington
state between 1988 and 1993, mammographic breast density appeared to be a
major risk factor for interval cancer, both in women aged less than 50 years and in
older women (Mandelson et al., 2000). Preliminary and conflicting data are
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available regarding the issue of the mammographic features of BRCAI/2-asso-
ciated tumours compared with sporadic tumours, particularly in an age-matched
setting (Helvie et al., 1997; Chang et al., 1999; Huo et al., 2000; Kuhl et al., 2000). A
nested case-control study of BRCAI/2 mutation carriers vs non-carriers was
performed within a prevalence study of 412 Ashkenazi Jewish women with breast
cancer unselected for age or family history and tested for BRCAI/2 founder
mutations (Warner et al., 1999). Forty carriers were age-of-diagnosis-matched
with three non-carriers. Tumours among BRCA1/2 mutation carriers were less
frequently visible on the mammogram than among non-carriers (70.6% vs 82.3%;
P=0.22, E. Warner, WDF and POC, unpublished data). Interestingly, recent
studies that examined the clinicopathological characteristics of interval cancers
found that these tumours demonstrated, more frequently than mammographi-
cally detected breast cancers, a pattern similar to what is classically seen in
BRCA I-related breast cancers, i.e. high-grade, ER-negative, p53-positive, highly
proliferative tumours (Porter et al., 1999; Gilliland et al., 2000; Narod and Dubé,
2001).

Seven European centres reported preliminary data on the efficacy of surveil-
lance programmes in women with a family history of breast cancer (Moller et al.,
1999b). Among women aged less than 50 years at diagnosis, 32% (20 out of 62
prospectively diagnosed breast tumours) were interval cancers and mammogra-
phy was negative in 23% (14 out of 62). No data regarding the BRCAI/2 mutation
status were available. The first evaluation of a breast cancer surveillance pro-
gramme among a series of 128 BRCAI/2 mutation carriers has been recently
reported (Brekelmans et al., 2001). The effectiveness of physical examination every
6 months and yearly mammography was evaluated and compared with 449
moderate-risk and 621 high-risk women. Within a median follow-up of 3 years,
the highest cancer detection rates and observed/expected ratio were observed
among the BRCAI/2 mutation carriers (nine cases; ratio observed/expected: 23.7),
but the cancers were not diagnosed at a particularly early stage (five cases were
axillary nodes positive). Five cases were in fact interval cancers, resulting in the
worst sensitivity (56%) for screening, being among the BRCAI/2 mutation carrier
subgroup. These preliminary data could be interpreted in favour of mammo-
graphic screening at a shorter interval than 1 year or in favour of the development
of new approaches, or possibly both. In particular, the effectiveness of magnetic
resonance imaging or digital mammography in the early detection of breast cancer
in high-risk women could be of great interest (Huo et al., 2000; Kuhl et al., 2000).

Some fears have been reported regarding the potentially hazardous effect of
low-dose radiation, which could ultimately be responsible for an increased cancer
risk (Den Otter et al., 1996; Gilson, 1997; Vaidya and Baum, 1997; Foray et al.,
1999). Despite some in vitro evidence of a particular sensitivity of BRCAI- or
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BRCA2-deficient cells to y-radiation, no clinical data could support these assump-
tions (see Chapter 6).

As mammographic screening has become the standard procedure for breast
cancer screening, it is particularly important to discuss with high-risk women the
obvious limits and potential drawbacks of this screening technique to prevent
exaggerated hopes that women might otherwise invest in this technique (Mittra et
al., 2000).

Ultrasonography

As a screening tool, ultrasonography has not been shown to be effective in
asymptomatic women of the general population (Sickles, 2000). This technique is
particularly useful to characterise simple cysts. Several sonographic features have
been identified that are sufficiently suggestive of malignancy to perform biopsy,
even in the absense of suspicious findings at clinical breast examination or
mammography (Sickles, 2000). Ultrasonography has not been rigorously evalu-
ated in women identified as being at high risk of developing breast cancer.

Magnetic resonance imaging

Magnetic resonance imaging (MRI) is a non-ionizing imaging technique that has
already been demonstrated to be sensitive for invasive breast cancer. Its sensitivity
is less impaired than mammography by dense parenchyma (Weinreb and News-
tead, 1995). Preliminary results of a German prospective, non-randomized, pilot
project (including 192 asymptomatic women proved or suspected to be BRCA1/2
mutation carriers) demonstrated that the sensitivity and specificity of breast MRI
was superior to conventional mammography and high-frequency breast ultra-
sound (Kuhl et al., 2000). The triple assessment was performed yearly, plus an
additional physical and ultrasound examination every 6 months. Among the nine
breast cancers diagnosed (six prevalent, three incident), four were detected and
correctly classified by mammography and ultrasound combined. Two other
lesions were visible, but were misdiagnosed as fibroadenomas. MRI identified and
correctly diagnosed the nine lesions. Of note, the nine cancers were pT1 stage
(mean size: 1.05 cm) without axillary node involvement (pNO). The genetic status
was not known for all patients, but among the nine women who developed breast
cancer, seven had mutations in BRCAI (n=6) and BRCA2 (n=1). Only five
false-positive findings were noted with MRI, compared with seven and nineteen
with mammography and ultrasound, respectively. Among 105 asymptomatic
women with validation of the screening results after the first year, the positive
predictive value for mammography, ultrasound and MRI was 30%, 12% and 64%
respectively. The cost-effectiveness of screening in this high-risk cohort was not
addressed in this study. Preliminary results of this pilot project are encouraging.
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Similar prospective evaluations of MRI are ongoing in several centres in North
America and Europe.

Other screening techniques
Various approaches have been developed and evaluated for the early detection of
breast cancer (Evron et al., 2001), but none has proven its superiority to the
existing measures that are currently recommended.

Ovarian cancer

Despite some encouraging reports from studies using established (Jacobs et al.,
1999) or new screening methods for early detection of ovarian carcinoma (De-
Priest et al., 1997; van Nagell et al., 2000), no statistically significant reductions in
ovarian morbidity or mortality have been observed when prospective studies have
been carried out in the general population. Limiting ovarian cancer screening
programmes to women identified at a significantly increased risk compared with
the general population has been proposed as a way of improving the positive
predictive value of ovarian screening (Berchuck et al., 1999; Verheijen et al., 1999;
Fishman and Cohen, 2000), but the physical location of the ovaries, and possibly
the underlying biology of ovarian carcinoma, do not seem to lend themselves to
early detection by ultrasound or serum assays, whether the woman is at high or
low risk. Improvements in ultrasound technology such as power Doppler and 3-D
sonography are currently under investigation in the NCI-supported National
Ovarian Cancer Early Detection Program, in a selected population of high-risk
women.

Males at risk

Prostate cancer
The increased risk in prostate cancer noted among BRCA2 mutation carriers
(RR=4.6; 95% CI, 3.5-6.2) is most likely not the result of increased surveillance,
as most of the excess risk occurred before screening became widespread (Breast
Cancer Linkage Consortium, 1999). The substantially elevated risk of prostate
cancer raises the issue of early detection, in that screening by the prostate specific
antigen (PSA) test might be justified at a substantially earlier age for mutation
carriers (RR for men aged less than 65 years=7.3; 95% CI, 4.7-11.5) (Breast
Cancer Linkage Consortium, 1999). Thus, BRCA1/2 mutation carriers could also
be a particular subgroup for the evaluation of the serum concentration of markers
that may improve the sensitivity of the PSA test (Neal et al., 2000; Stephan et al.,
2000; Wolk et al., 2000). A note of caution should be struck: no study of unselected
males with prostate cancer has ever shown that BRCAI/2 mutations are over-
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represented in these men. Thus, the precise risks of prostate cancer for BRCA1/2
mutation carriers remain uncertain.

Treatment

The issue of the optimal treatment for hereditary breast and ovarian cancer is still
largely debatable. Compared with its sporadic counterpart, distinct somatic gen-
etic changes have been reported in hereditary breast cancer (Tirkkonen et al.,
1997) and a recent study showed that gene-expression profiles are significantly
different between both BRCAI- and BRCA2-related breast cancers and sporadic
cases (Hedenfalk et al., 2001). Pathological features also suggest that there are
underlying differences in hereditary breast cancer compared with sporadic cases
(see Chapter 7). For example, BRCA I-associated tumours are more often poorly
differentiated, highly proliferating tumours, with a high frequency of ER negativ-
ity, and a higher rate of p53 mutations (Chappuis et al., 2000; Phillips, 2000).
Similarly, BRCA2-associated tumours exhibit significant differences when com-
pared with age-matched sporadic cases, such as a reduction in tubule formation, a
higher proportion of continuous pushing margins and a lower mitotic count
(Lakhani et al., 1998).

Breast cancer

Surgery

Currently, the surgical management of breast cancer caused by germline BRCA1/2
mutations is similar to the sporadic cases, particularly regarding the option of a
conservative treatment (lumpectomy or quadrantectomy) associated with
radiotherapy. No study that has prospectively evaluated conservative surgery plus
radiotherapy versus radical mastectomy among BRCA1/2 mutation carriers is
available. Interestingly, there are currently no definitive data that demonstrate a
significant increase in ipsilateral breast tumour recurrence rates among patients
with BRCA1/2 mutations compared with sporadic breast cancer patients (see
Chapter 6). When a BRCAI/2 mutation carrier develops an invasive breast cancer
(particularly if this is the result of the failure of preventive strategies), and given
the high risk of contralateral breast cancer, the option of bilateral mastectomy with
or without reconstruction is a valid option.

Radiotherapy

In vitro, BRCA1/2-deficient cells demonstrate an increased sensitivity to radiation
(Connor et al., 1997; Sharan et al., 1997; Gowen et al., 1998; Foray et al., 1999), but
radiotherapy after breast conservative surgery is not associated with a significant
increase of acute or chronic toxicities among BRCA1/2 mutation carriers (Gaffney
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et al., 1998; Leong et al., 2000; Pierce et al., 2000). Current results regarding
therapeutic radiation in BRCAI or BRCA2 mutation carriers are consistent with
the hypothesis that radiotherapy reduces cancer incidence in the treated breast, or
significantly delays the appearance of emerging cancers. Radiation scatter has been
raised as a contributive factor in the increased incidence of contralateral cancers
(Bennett, 1999; Coleman, 1999; Robson et al., 1999), but no clinical data support
these hypotheses (discussed in detail in Chapter 6). One test of this hypothesis
would be to compare contralateral breast cancer rates in a (historical) cohort of
BRCA1/2 mutation carriers who did or did not receive adjuvant radiotherapy
as their only treatment following unilateral breast cancer. If scatter is an import-
ant factor, contralateral rates should be higher in the group that received
radiotherapy.

Chemotherapy

Indication and types of adjuvant chemo- or hormonotherapy currently in practice
with hereditary breast cancer are not different from those proposed for sporadic
breast cancers. Some in vitro data suggest that cells without functional BRCAI or
BRCA2 protein demonstrate a particular sensitivity to several chemotherapeutic
drugs. The underlying hypothesis is an increased sensitivity to agents that cause
double-strand DNA breaks in BRCAI- or BRCA2-deficient cells (Biggs and Brad-
ley, 1998; Khanna and Jackson, 2001). This hypersensitivity has been demon-
strated for mitoxantrone, amsacrine, etoposide, doxorubicin and cisplatin, with a
subsequent increased level of apoptosis (Abbott et al., 1998; Husain et al., 1998;
Bhattacharyya et al., 2000; Ren et al., 2001). Of note, in a nude mouse model with
BRCA2-defective tumour xenograft, tumour growth was very sensitive to
mitoxantrone when compared with mice with tumours harbouring BRCA2-
normal cells (Abbott et al., 1998). A decreased sensitivity to paclitaxel and
docetaxel in BRCAI-mutated cell-lines has also been observed (Ren et al., 2001).
Differences in drug sensitivity might be explained by interaction of BRCAI with
various pathways that lead to cell death, particularly via a reduction of the
anti-apoptotic protein Bcl2 level in cells lacking functional BRCA1 protein (Ren et
al., 2001). Interestingly, the higher sensitivity to y-radiation noted in a BRCAI-
deficient cell-line was mainly attributed to the mitotic cell death pathway, and not
to an increased level of apoptosis (Foray et al., 1999). In one study, initial
treatment with chemotherapy reduced the risk of contralateral breast cancer by
60%, and its greatest effect was apparent within 2 years of treatment. At 10 years,
the beneficial effect was lost (Narod et al., 2000). It was suggested that chemother-
apy eradicates prevalent, sub-clinical cancers. The perspective of specifically de-
signed chemotherapeutic regimens is promising, as the prognosis of hereditary
breast cancer may be worse than that of its non-inherited counterpart (Chapter 6).
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Ovarian cancer

Several in vitro studies showed increased sensitivity of some ovarian cell-lines
carrying mutated BRCAI alleles to various chemotherapeutic agents (Thangaraju
et al., 2000). Supporting these data, the retrospective cohort study by Boyd et al.
(2000) demonstrated that ovarian cancer among Ashkenazi Jewish BRCA1/2
mutation carriers had a better outcome when compared with ovarian cancer in
Ashkenazi Jewish non-carriers. Interestingly, although the hereditary and sporadic
cancers presented with pathological and treatment (cisplatin-based regimens)
characteristics that were remarkably similar, the BRCA1/2-associated cancers were
more likely to be optimally cytoreduced at primary surgery, and hereditary cases
had a significantly longer disease-free interval following primary chemotherapy
(P=0.001). These data are compatible with the hypothesis of a more favourable
response to chemotherapy among hereditary ovarian cancer cases (Boyd et al.,
2000). No specific therapeutic approaches of BRCA1/2-related ovarian cancer
have been proposed.

Perspectives and conclusion

Predictive genetics in oncology opens considerable perspectives in diagnostic and
therapeutic approaches of cancer. Multiples issues still exist in the hereditary
breast/ovarian cancer syndrome (Kuerer et al., 2000), but the perspective of
preventive and screening procedures being potentially effective is very encourag-
ing. Current recommendations for the management of BRCA1/2 mutation car-
riers are mostly based on inferences and expert opinions and not on data from
randomized controlled trials. Evaluation of the adherent to, or acceptance of, the
preventive or surveillance recommendations is an important issue (Lerman et al.,
2000). The existing options — both for prevention, early detection and treatment —
should be clearly explained in the context of a dedicated counselling process, with
the participation of all involved professionals (geneticist, oncologist, surgeon,
gynaecologist). Personal characteristics of the proband, such as her experience
with cancer within her family, her role within her own nuclear family, and her
values and expectations of life, should play a central role in the decision-making
process. A concerted multidisciplinary approach, with the application of results
from, where possible, prospective studies in well-defined cohorts of BRCAI and
BRCA2 carriers, will allow the concerned individuals to fully benefit from this new
approach to the medicine.
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Should the management of familial ovarian cancer differ from that of sporadic
ovarian cancer?
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The management of familial ovarian cancer (FOC) is currently essentially the
same as for sporadic ovarian cancer, but is FOC biologically different from
sporadic ovarian cancer and should we be managing it differently? There is some
conflicting evidence. Greggi examined eight families with two or more first-degree
relatives affected with epithelial ovarian cancer (EOC) among a series of 138
consecutive ovarian cancer patients. No significant difference was detected in
clinical and pathological features between sporadic and familial cases. Papillary
serous adenocarcinoma was the predominant histological type. However, in three
high-risk families, EOC tended to develop at a younger age compared with other
familial cases and with sporadic cancers, and nulliparity was less frequent in the
familial group (Greggi et al., 1990). Similarly, Bewtra identified 37 FOC patients
from FOC syndrome kindreds with documented cancers of the ovary, breast,
colon or endometrium in two or more first-degree relatives. The age and clinical
stage at diagnosis and overall 5-year survival of FOC patients were compared with
those of sporadic EOC patients. The mean age of FOC patients at diagnosis was
significantly lower (50.2 years) than that of the unselected control population (59
years) (P<0.001). Histologically, all (100%) FOC tumours were EOC, with a
predominance of serous papillary type, moderate to high grade (89 vs 71% in
control; P=0.07). No other pathological features appeared to be significant
(Bewtra et al., 1992). Chang described the characteristics of patients with FOC and
their response rates to chemotherapy and 5-year survival, and compared them
with matched controls with sporadic ovarian cancer. There were 28 cases of FOC
presenting to the Royal Marsden Hospital, London, from January 1983 to Septem-
ber 1993. The incidence of FOC over this time-period was 2.2% (28/1268). There
was a statistically significant difference in histological subtype: 83% of patients
with FOC had serous cystadenocarcinoma compared with 49% in the matched
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control group (P=0.0025). However, there were no differences in median age or
FIGO (Federation of Gynaecology and Obstetrics) stage between patients with
FOC and the sporadic cases and no difference in overall response to chemotherapy
or 5-year survival (Chang et al., 1995). Rubin, however, found improved survival
in FOC patients. He identified 53 patients with germline mutations of BRCAI. The
average age at diagnosis was 48 years (range 28—-78). Histologically, 43 out of the
53 patients showed serous adenocarcinoma. They included three tumours of low
malignant potential (borderline). With a median follow-up among survivors of 71
months from diagnosis, 20 patients had died of ovarian cancer, 27 had no evidence
of the disease, 4 were alive with the disease, and 2 had died of other diseases.
Actuarial median survival for the 43 patients with advanced-stage disease was 77
months, compared with 29 months for the matched controls (P<0.001) (Rubin et
al.,, 1996). Zweemer compared 42 confirmed cases of EOC with 84 matched
controls. The median survival in the familial cases was 10 months longer than in
the matched controls (Zweemer et al., 1999). Boyd found that the hereditary
group had a longer disease-free interval following primary chemotherapy in
comparison with the non-hereditary group, with a median time to recurrence of
14 months and 7 months, respectively (P<0.001). Those with hereditary cancers
had improved survival compared with the non-hereditary group (P=0.004). For
stage III cancers, BRCA mutation status was an independent prognostic variable
(P=0.03). They concluded that, although BRCA-associated hereditary ovarian
cancers have surgical and pathological characteristics similar to those of sporadic
cancers, advanced-stage hereditary cancer patients survive for longer than non-
hereditary cancer patients (Boyd et al., 2000).

Presentation

A patient with FOC may present in a number of ways. The peak incidence of
sporadic ovarian cancer is 40-60 years of age. Familial ovarian cancer has an
earlier average age of onset, but cancers under 40 years of age are still uncommon
(Bewtra et al., 1992; Boyd et al., 2000). Ovarian tumours rarely give rise to specific
symptoms at an early stage, the commonest being vague gastrointestinal disturb-
ance such as dyspepsia or increased abdominal girth. A result of this is that the
majority of patients still present as stage III disease with spread to the abdominal
cavity. It is the aim of screening to be able to identify the disease before it has
spread from its primary site of origin, i.e. stage 1A, as one is then able to cure the
majority of patients. More and more patients with FOC are presenting via some
sort of screening programme.
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Special investigations

* Ultrasound
* Tumour markers
* Cross-sectional imaging: magnetic resonance imaging (MRI), CT scan
Transvaginal ultrasound has a high sensitivity for detecting adnexal pathology.
The main features that would raise one’s index of suspicion for cancer are:
complexity of the mass, solid components, papillary protrusions into cysts, fixity,
increased blood flow on Doppler imaging — particularly if intratumoural —
bilaterality and the presence of ascites or metastatic deposits. Ultrasound also has a
high specificity. The results of an ultrasound scan are usually combined with a
CA125 level to give a composite score or weighting. In a general population, with
an overall low incidence of ovarian cancer and a relatively high incidence of benign
adnexal pathology, the positive predictive value of a ‘positive’ scan is relatively low
at about 20%. Stated another way, one is subjecting about five women to surgery
for every cancer detected (Jacobs et al., 1999; Aslam et al., 2000). In an FOC
population where the ratio of benign to malignant tumours would be expected to
be higher, one would expect the screening tests to perform better. Good data on
screening in an FOC population don’t exist. A randomized screening trial would
be unethical in such a high-risk population. The results of a prospective trial — the
UK Familial Ovarian Cancer Screening Study — will be eagerly awaited. This aims
to recruit 5000 volunteers with a family history of ovarian cancer and offer them
screening in the form of transvaginal ultrasound scanning and a CA125 test.
Cross-sectional imaging in the form of CT scanning or MRI can provide
valuable additional information, particularly as regards preoperative staging.
Ovarian cancer staging is primarily a surgical one. However, if the preoperative
imaging were to suggest intra-parenchymal liver or pulmonary metastases, this
might alter the decision as to whether or not to operate.

Management

Surgery

Management is broadly divided into:

1 Surgery

2 Chemotherapy

3 Neoadjuvant chemotherapy with interval debulking
4 Palliative care

Prophylactic surgery will be dealt with later. The aim of surgery is to remove as
much of the disease as possible and stage it completely. The standard operation for
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this is a laparotomy via a subumbilical midline incision and a total abdominal
hysterectomy, bilateral salpingo-oophorectomy, infra-colic omentectomy, wash-
ings and selected biopsies. In cases where there is extensive peritoneal spread of
disease, surgically removing the majority bulk of the disease appears to provide
some benefits to the patient as regards response to subsequent chemotherapy and
possibly a small survival benefit (Griffiths, 1975; Griffiths et al., 1979; Hacker et al.,
1983; Goodman et al., 1992; Hoskins et al., 1992; Hunter et al., 1992; Curtin et al.,
1997). During the past two decades, maximum cytoreductive surgery (also called
debulking surgery) has been the recommended surgical approach for advanced
stages of ovarian carcinoma. The residual tumour volume after surgery is one of
the strongest prognostic factors, and only patients who undergo complete or
optimal surgery are likely to be long-term survivors (Allen et al., 1995; Munkarah
et al,, 1997). A well-trained surgeon in the field of gynaecological oncology can
achieve an optimal tumour reduction in up to 75% of patients with advanced-
stage ovarian cancer.

In a small subset of patients, particularly the younger patients with apparent
stage Ta disease, it may be possible to perform a unilateral salpingo-oophorectomy
with appropriate staging in an attempt to preserve subsequent fertility. In FOC,
this conservative approach would be counter-intuitive as one would not be able to
fully stage the patient and there would be an ‘at-risk’ ovary left behind.

Chemotherapy

* Platinum-based chemotherapy

¢ Taxanes

* Combination chemotherapy

In advanced-stage ovarian cancer, long-term survival is unusual. However, many
patients achieve a significant response to chemotherapy with a significant disease-
free interval.

Until the mid-1970s, standard therapy for ovarian carcinoma was a single
alkylating agent, typically melphelan. Subsequently, combination chemotherapy
was shown to be superior to such therapy. During the 1980s, cisplatin-based
combination chemotherapy became the standard chemotherapy regimen for
advanced ovarian cancer; however, other classes of agents with documented
activity against ovarian tumours appeared to be cross-resistant with platinum
(Vogl et al., 1979). The introduction of paclitaxel in the early 1990s, with its
apparent lack of cross-resistance with platinum compounds, was a notable ad-
vance in ovarian cancer management. During the 1990s, the combination of
platinum (cisplatin or carboplatin) plus paclitaxel rapidly evolved into front-line
chemotherapy for advanced ovarian cancer. The series of randomized phase III
studies that have compared the activity of platinum/paclitaxel with alternative
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regimens supports the combination of platinum/paclitaxel as the current standard
chemotherapy for advanced ovarian cancer. Outstanding issues that stem from
this phase IIT experience include the impact of non-protocol salvage regimens on
survival and the potential benefits of sequential single-agent regimens (Advanced
Ovarian Cancer Trialists’ Group, 2000).

Neoadjuvant chemotherapy with interval debulking

This involves establishing the diagnosis via a biopsy. This is then followed by
between three and six cycles of chemotherapy, followed by an interval debulking
operation as for primary surgery. Retrospective analyses suggest that a subgroup
of patients with stage III and IV ovarian carcinoma can be managed in this way.
The indications for neoadjuvant chemotherapy appear to be stage IV disease or
extensive stage I1I disease where optimal debulking appears unlikely (Lawton et
al., 1989; Jacob et al., 1991; Schwartz et al., 1994; Onnis et al., 1996; Vergote et al.,
1998; Eisenkop et al., 1999; Vergote et al., 2000). Interval debulking surgery in
patients with suboptimal primary debulking surgery has been proven effective in
increasing overall survival and progression-free survival in a large, prospective,
randomized trial of the European Organization for Research and Treatment of
Cancer (van der Burg et al., 1995). The same group is assessing the strategy of
neoadjuvant chemotherapy, followed by interval debulking surgery, in a prospect-
ive randomized trial.

Another trial, OVOS6, assesses the role of interval debulking surgery in newly
diagnosed ovarian cancer patients with residual macroscopic disease after surgery.
Many patients are left with residual disease after surgery. Despite advances in
chemotherapy, the prognosis for these patients is poor and a new surgical strategy
for improving survival rates would be an important contribution.

Palliative care

As most patients present with advanced disease, and long-term survival in this
group is unusual, palliative care is assuming a growing role. A full discussion is
beyond the scope of this chapter. Two specific problems should be mentioned:
abdominal distention due to ascites, which may require repeated ascitic taps, and
bowel obstruction, which not infrequently requires defunctioning bowel surgery.

Prevention

The combined oral contraceptive pill (COCP) has a protective effect against
ovarian cancer when used for 5 years, with a 50% reduction in risk. Narod enrolled
207 women with hereditary ovarian cancer and 161 of their sisters as controls in a
case-control study. All of the patients carried a pathogenic mutation in either
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BRCA1 (179 women) or BRCA2 (28 women). Lifetime histories of oral-contra-
ceptive use were obtained by interview or by written questionnaire and were
compared between patients and control women, after adjustment for year of birth
and parity. The adjusted odds ratio (OR) for ovarian cancer associated with any
past use of oral contraceptives was 0.5 (95% CI, 0.3-0.8). The risk decreased with
increasing duration of use (P> 0.001); use for 6 or more years was associated with
a 60% reduction in risk. Oral-contraceptive use protected against ovarian cancer
both for carriers of the BRCAI mutation (OR 0.5; 95% CI, 0.3-0.9) and for
carriers of the BRCA2 mutation (OR 0.4; 95% CI, 0.2-1.1) (Narod et al., 1998).
There is some evidence to suggest that use of the COCP may slightly increase the
risk of breast cancer. Although this is a small effect, it may be more significant in
breast/ovarian cancer families. Tamoxifen, which is used for primary chemo-
prophylaxis against breast cancer, and to reduce recurrence, has no overall effect
on the incidence or behaviour of ovarian cancer. However, its use is associated
with an increased risk of endometrial cancer. Other agents currently undergoing
evaluation are the retinoids and progestins (levonorgestrel).

Prophylaxis

Some patients with familial ovarian cancer syndromes have a lifetime cumulative
risk of developing ovarian cancer of 60-70%. In these situations, a prophylactic
bilateral oophorectomy is warranted. Prophylactic oophorectomy is divided into
primary prophylactic surgery, where apparently normal ovaries are removed, and
secondary prophylactic surgery, where ovaries are removed at surgery for a benign
condition. The main dilemma lies in the correct timing of the procedure, how the
procedure is performed and whether a concomitant hysterectomy should be
performed.

One needs to weigh up the balance of waiting, and thereby possibly risking the
development of cancer, versus performing an early oophorectomy and leaving the
patient prematurely hypo-oestrogenic. One would then need to address the issue
of hormone replacement therapy (HRT). There is some evidence to suggest that
the prolonged use of HRT is associated with an increased risk of breast cancer. In
an extended follow-up of the participants in the Nurses’ Health Study, Colditz
found that the risk of breast cancer was significantly increased among women who
were currently using oestrogen alone (relative risk (RR), 1.32; 95% CI, 1.14-1.54)
or oestrogen plus progestins (RR, 1.41; 95% CI, 1.15-1.74) when compared with
postmenopausal women who had never used hormones. Women currently taking
hormones, who had used such therapy for 5-9 years, had an adjusted relative risk
of breast cancer of 1.46 (95% CI, 1.22-1.74). Those currently using hormones,
who had done so for a total of 10 or more years, had a relative risk of 1.46 (95% CI,
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1.20-1.76). The increased risk of breast cancer associated with 5 or more years of
postmenopausal hormone therapy was greater among older women (RR for
women aged 60—64 years, 1.71; 95% CI, 1.34-2.18). The RR of death due to breast
cancer was 1.45 (95% CI, 1.01-2.09) among women who had taken oestrogen for 5
or more years (Colditz et al.,, 1995). We believe that women who undergo
prophylactic oophorectomy and are rendered prematurely hypo-oestrogenic are
at increased risk of cardiovascular disease and osteoporosis. We feel that giving
HRT until the age of the natural menopause does not increase their risk of breast
cancer and protects them from the adverse effects of being hypo-oestrogenic.

In a special report, Schrag et al. (1997) calculated that, on average, 30-year-old
women who carry BRCAI or BRCA2 mutations gain 2.9-5.3 years of life expect-
ancy from prophylactic mastectomy and 0.3-1.7 years of life expectancy from
prophylactic oophorectomy, depending on their cumulative risk of cancer. Gains
in life expectancy declined with age at the time of prophylactic surgery and were
minimal for 60-year-old women. Among 30-year-old women, oophorectomy
could be delayed for 10 years with little loss of life expectancy. On the basis of a
range of estimates of cancer incidence, prognosis, and efficacy of prophylactic
surgery, this model suggests that prophylactic mastectomy provides substantial
gains in life expectancy, and prophylactic oophorectomy more limited gains, for
young women with BRCAI or BRCA2 mutations.

The preferred surgical procedure in our unit is a laparoscopic bilateral salpingo-
oophorectomy without a concomitant hysterectomy. We believe that the fallopian
tubes have an ‘at-risk’ epithelium and should be removed. A concomitant hyster-
ectomy increases the operating time, increases the short-term morbidity of the
operation and, we believe, adversely affects bowel and bladder function. The
laparoscope also allows an adequate assessment of the overall peritoneal surface.

The age at which we would recommend oophorectomy depends on the overall
lifetime risk of developing cancer. Virtually all studies show that the incidence of
ovarian cancer increases strikingly only after age 40 years. Mutations in BRCA2
may confer a lower risk of ovarian cancer than mutations in BRCAI (Ford et al.,
1994; Goldberg et al., 1997; Boyd et al., 2000).

Tobacman initially raised the question of primary peritoneal carcinoma. Pro-
phylactic oophorectomy was performed in 28 female members of 16 families at
high risk of ovarian carcinoma. Of these women, three subsequently developed
disseminated intra-abdominal malignancy where there was uncertainty about the
primary site, despite extensive investigation. These tumours were indistinguish-
able histopathologically from ovarian carcinoma. It would seem that, in cancer-
prone families, the susceptible tissue is not limited to the ovary, but includes
other derivatives of the coelomic epithelium, from which primary peritoneal
adenocarcinomas may arise (Tobacman et al., 1982). The records from the Gilda
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Radner Familial Ovarian Cancer Registry were reviewed for instances of prophy-
lactic oophorectomy and cases of primary peritoneal carcinoma occurring after
prophylactic oophorectomy. As a preventive measure against the subsequent
development of ovarian cancer, 324 women in 931 families underwent prophylac-
tic oophorectomy. Primary peritoneal carcinoma, indistinguishable histologically
from primary ovarian adenocarcinoma, developed in six of these women 1-27
years after prophylactic oophorectomy (Piver et al., 1993).

In families where a mutation in BRCA1/2 was demonstrated, Berchuck would
recommend prophylactic oophorectomy in mutation carriers. In addition, he
recommended that oophorectomy should also be considered in women aged over
35 years with germline mutations in DNA-repaired genes (hereditary non-polypo-
sis colon cancer) undergoing laparotomy for colonic resection or other indica-
tions (Berchuck et al., 1999a). Berchuck questioned the value of oophorectomy in
mutation carriers. It was at first thought that the lifetime risk of ovarian cancer in
BRCA carriers was as high as 60%. More recent studies have suggested risks in the
range of 15-30%. In addition, peritoneal papillary serous carcinoma that is
indistinguishable from ovarian cancer occurs in some women after oophorec-
tomy. He felt that, in view of the uncertainty regarding the efficacy of prophylactic
oophorectomy, chemopreventive and early detection approaches also deserved
consideration as strategies for decreasing ovarian cancer mortality in women who
carry mutations in ovarian cancer susceptibility genes (Berchuck et al., 1999b).

Removed normal ovaries need to undergo careful histopathological analysis by
an experienced pathologist who is interested in gynaecological pathology (Wer-
ness et al., 2000).

Counselling

Heritable cancer risk assessment is an increasingly common method of deriving
valuable information relevant to deciding on appropriate screening regimens and
preventive treatments. Assessments of heritable risk typically include familial-
genetic evaluation, where analyses relate family pedigree to cancer risk, and DNA
testing, where analyses indicate genetic mutations associated with cancer risk (e.g.
BRCAI1/BRCA2 mutations) or their absence.

The first step in appropriate counselling is establishing risk. This involves taking
a detailed family history to include three generations, with diagnosis, age of onset
and, ideally, confirmation in the form of a death certificate or histology report.
The probability that a patient carries an autosomal dominant germline mutation
depends on this pedigree. If she has two affected first-degree relatives then they
have a 66% risk of carrying the mutation. She will have a 50% risk of inheriting the
gene if present, i.e. a 33% risk of carrying the gene. The lifetime risk of developing
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ovarian cancer in a carrier is 45%. Her risk is therefore 45% x 33% = 15%. If she
were to have a live affected relative, then this would raise the possibility of genetic
testing for BRCA1/2 germline mutations. The first step is to identify a live affected
relative and test for a mutation. If this is informative, one can then search for the
mutation in the unaffected relative who is seeking counselling.

There is much talk about the psychological impact of counselling. In a paper
reporting on the psychological responses of women given familial-genetic evalu-
ations of ovarian cancer risk, sizeable differences were found in the prevalence of
clinically significant depression (Ritvo et al., 2000). In a review, none of the 15
papers reviewed reported increased distress (general and situational distress,
anxiety and depression) in carriers or non-carriers of heritable disease. Both
carriers and non-carriers showed decreased distress after testing; this was greater
and more rapid amongst non-carriers. The studies reviewed suggest that those
undergoing predictive genetic testing do not experience adverse psychological
consequences. However, most of the papers involved screening for Huntington’s
chorea and not FOC (Broadstock et al., 2000).

Conclusion

Patients who come from FOC families who have established ovarian cancer should
be managed in the same way as those from sporadic ovarian cancer families. It may
be that, with time, subtle biological differences will emerge. For the asymptomatic
patient there are some very difficult decisions to make, particularly as regards
genetic testing and prophylactic oophorectomy. The results of screening trials will
hopefully go some way to help in making these decisions informed decisions.
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Management options available for women at high lifetime risk of breast cancer
due to their family history, or carriage of a mutation in BRCAI/2 (which confer a
lifetime risk of breast cancer of 85% (Ford et al., 1994; Wooster et al., 1994) are
limited. Screening with mammography or even magnetic resonance imaging
(MRI) is one option, and this can be combined with entering trials of chemo-
prevention. However, many women are now seriously considering or undertaking
prophylactic mastectomy if found to be mutation carriers for BRCAI or BRCA2.
The efficacy of surgical procedures to reduce the risk of breast cancer is controver-
sial (Goodnight et al., 1984; Zeigler and Kroll, 1991), although it would appear
that the residual risk of breast cancer is dependent upon the amount of remaining
breast tissue following the surgical procedure. Recent work suggests that more
women than previously are considering prophylactic mastectomy (JW et al., 1996;
Lynch et al., 1997) and that protocols should be in place to deal with these
requests. It has been suggested that surgery will increase life expectancy in BRCAI
or BRCA2 mutation carriers (Schrag et al., 1997). A recent study by Hartmann et
al. (1999) has demonstrated that women with a high risk of breast cancer can
significantly reduce the incidence of the disease with prophylactic surgery. How-
ever, the level of reduction in those at highest risk (BRCAI/BRCA2 carriers) is still
unclear.

Genetic counselling and the family history clinic

286

Breast cancer family history clinics started to be established in the UK in 1987
(Evans et al., 1996a,b) and these have burgeoned across Europe and North
America. They are generally administered by consultants in medical oncology,
clinical genetics and breast surgery, often with a multidisciplinary approach, with
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close involvement of radiologists, and a psychiatrist/psychologist. At these clinics,
unaffected women at increased risk of breast cancer are assessed for their lifetime
and shorter-term risks of breast cancer. In most family history clinics, the Cancer
and Steroid Hormone study risk estimation is used (Claus et al., 1994) and can be
supplemented with information about risks for relatives in BRCAI or BRCA2
families (Ford et al., 1994, 1998). After assessing risks, women are presented with a
number of choices, including regular surveillance usually with a combination of
mammography and clinical examination, which could commence at 3040 years
depending on the age of cancers in the family and the overall risk (Evans et al.,
1994; Eccles et al., 2000). Women are, in general, now split into three risk groups:
average, moderate and high risk. It is only really in the high-risk group that
prophylactic surgery would be considered. This usually equates to a lifetime risk of
1in 4 (25%) or greater. As a rough guide, this equates to having a heterozygote risk
of 1 in 4 with two relatives, including one first degree diagnosed with an average
age of less than 50 years, or with three relatives aged less than 60 years. All affected
relatives should be first-degree relatives or related through a male.

In a recent survey of 10 European centres (Evans et al., 1999), only three
(Manchester, Edinburgh, Heidelberg/Dusseldorf) routinely mention the possibil-
ity of prophylactic mastectomy to those women with a lifetime risk of 1 in 4 or
greater. This is often done with a single sentence or a statement of the availability
of the procedure as an option for the prevention of breast cancer. This then allows
women to extend the discussion if they wish to do so, or to state that they are not
interested in surgery. However, many centres would only mention prophylactic
surgery to potential mutation carriers who are undertaking a genetic test. Indeed,
there appears to be a cultural shift across Europe from North to South where
prophylactic mastectomy becomes less acceptable to both physician and patient
(Julian-Reynier et al., 2000, 2001). In the US it is interesting that, where mastecto-
mies were commonplace in the 1970s and 1980s (Hartmann et al., 1999), there
appears to be less enthusiasm for this now, even amongst gene mutation carriers.
What is absolutely clear is that adequate preparation of a woman for risk-reducing
mastectomy is essential.

The prophylactic mastectomy protocol

If women wish to discuss the procedure in greater detail, most centres in our
European survey offered a further appointment at least 1 month later. This gives
women time to consider the procedure more fully and to discuss it with appropri-
ate members of the family. Involvement of the partners is important and they can
be invited to attend each appointment. At the second appointment, with the
geneticist or oncologist, a basic description of the surgery is given, including the
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potential residual risk of various procedures. It is emphasized that the residual risk
and complication rate may be higher if the surgery preserves the nipple/areolar
complex. It is also usually made clear that these procedures are largely unproven
(Goodnight et al., 1984; Zeigler and Kroll, 1991) as regards their efficacy in
reducing the risk of breast cancer. The patient is also challenged to consider the
complications, which may result in a potentially poor cosmetic result, as well as
the possible impact upon her personal life and family dynamics.

The possibility of genetic testing is also discussed in terms of the availability of a
living affected member of the family and the basic underlying structure of the
family (Eeles, 1996). If possible, a time-scale for genetic testing is discussed, and
the woman is asked to consider the potential impact of having proceeded with
surgery, if she then undergoes genetic testing that shows that she does not carry the
causative mutation. Centres also emphasize that the genetic risk of breast cancer
decreases with age and that the remaining risk of breast cancer if the woman is
older (over 40 years) is lower than the lifetime risk (Claus et al., 1994; Evans et al.,
1994). If a woman wishes to proceed, a psychological assessment is arranged. At
this stage, most centres proactively seek confirmation of the breast cancers in the
family if they have not already done so. This ensures that the risk assessment is as
accurate as possible. We have previously reported the presence of factitious
histories within some families where women fabricate their family history in order
to obtain surgery or are innocently implicated as being at risk by another family
member (Evans et al., 1996a).

After a psychological assessment, a more detailed surgical consultation is
arranged to discuss the type of procedure best suited to the woman and whether a
one- or two-stage procedure is preferable. This would usually involve discussion
of three basic options: (1) total bilateral mastectomy, (2) bilateral mastectomy
with reconstruction, either with implants or tissue flaps, and (3) bilateral subcu-
taneous mastectomy that retains the overlying skin and nipple/areolar complex.
The potential complications are also discussed together with the expected cos-
metic result. Surgeons will usually have photographs available for women to view
if they wish.

The whole process of consultations through to surgical procedure usually takes
6-12 months. This time delay is deliberate in most centres, with the greatest delay
at the beginning of the protocol in order to allow women time for the decision-
making process. If the protocol is run concurrently with a decision for predictive
genetic testing, then the wait would generally be shorter. The number of women
who are known to have undergone prophylactic surgery in each centre is shown in
Table 17.1. The full protocol of two sessions at the family history clinic, a session
with a psychiatrist and sessions with the surgeons was established in 1993 in
Manchester. While only two other centres have a similar written protocol, the
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Table 17.1. Number and type of prophylactic mastectomies carried out by centres
Age BRCA1/2

Centre No. (years) Mean SM MM Bilateral Contralateral cases
Manchester 116 21-60 40 25 91 100 16 19
Edinburgh 47 32-60 43 3 44 17 30 2
Aberdeen 22 34-58 435 6 16 20 2 4
Leiden 15 20-37  36.5 8 7 15 0 ¢
Dusseldorf 8 29-46 38 3 5 8 0 1
Oslo 12 27-51 395 6 6 11 1 0
Southampton 9 32-57 435 6 3 3 3
Belfast 11 32-57 40 11 0 6 1
MM, modified mastectomy; SM, simple mastectomy.
remaining clinics adhere to the basic principles in most instances. The major
difference is that several centres are mainly reactive. Thus, prophylactic surgery
would usually only be formally discussed in women proven to be BRCAI/2
mutation carriers. No centre recommends the procedure, even in the latter
category.

There was also no clear pattern in terms of the surgical procedure recommen-
ded in women who had decided on surgery. While some units were cautious about
offering skin/nipple-preserving mastectomies, these options were generally avail-
able in every case.

Surgical technique

Women with BRCAI/2 mutations carry that genotype in all cells, but those who
develop cancer of the breast seldom develop multicentric disease. Like most
women with sporadic breast cancer, they are more likely to have a unifocal breast
cancer, but are at a much higher risk of bilateral cancers. The objective of surgery is
to reduce the incidence of, and mortality from, breast cancer in women at high
risk, and to do so in a way that is most consistent with quality of life and aesthetic
concerns. Breast restorative procedures for women who undergo mastectomy for
breast cancer have progressed rapidly, with significantly improved aesthetic results
compared with those possible a decade ago. The use of skin-sparing mastectomy
with immediate submuscular expander/implant or myocutaneous flap volume
replacement is one such advance. Risk-reducing mastectomy has been developed
using the techniques of skin-sparing surgery and volume replacement.
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At all stages of operative planning, the patient must be involved in the decisions
that are made. Women must be told that no operation will remove all risk, but risk
reduction may be of the order of over 80%. Whether or not to conserve the nipple
is controversial. Breast tissue immediately deep to the nipple/areolar complex
(NAC) is uncommonly a site of primary breast cancer, but retention of this tissue
must theoretically carry a slight diminution in risk reduction. With awareness of
this, most women who undergo risk-reducing mastectomy with immediate recon-
struction do request NAC preservation, but are warned that NAC sensory loss is
likely and NAC ischaemic loss possible.

The operation described is the procedure developed and now most commonly
requested by women from the Manchester Family Clinic. It comprises a skin-
sparing mastectomy with NAC conservation when requested, and immediate
breast volume replacement by means of submuscular tissue expansion.

At a second procedure some months later after tissue expansion in the clinic,
the infra-mammary fold is recreated on each breast and the tissue expander
replaced with permanent implants. This second procedure affords the best chance
to adjust the aesthetic quality of the breast reconstructions such that, ideally, the
woman will look as near-normal as possible, not only when wearing a bra but also
when undressed. Pre- and postoperative photographs are mandatory.

Operative sequence

1 Positioning of the patient. The patient lies supine with both hands under her
waist and with the shoulder and elbow slightly flexed.

2 Mastopexy-type skin incisions. These are made transversely across the outer
half of the breast towards the axillary tail and extended around the areola and,
depending on the size of the breast, medially for 11 cm. Otherwise, lower pole
skin dropout looks unsightly and is difficult to correct.

3 Marking the incision. With removal of the skin in the mastopexy shape, a paper
template can be made to orientate and mark the incision on the contralateral
breast. De-epithelialized skin bridges are left in place around the upper half of
the NAG, to preserve the subdermal vascular plexus. Transverse scars are used
to enable direct access to all quadrants of the breast, including the peripheral
upper outer quadrant and axillary tail.

4 Breast parenchyma removal. The breast is removed en bloc with the axillary tail,
but the axillary lymph nodes as far as possible are left in situ. The breast is
removed laterally at the lateral border of latissimus dorsi. The breast is weighed.

5 Submuscular expander. Once the submuscular pocket has been developed as far
as possible the tissue expander is selected for size and shape to make the nearest
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possible match with the removed breast. Its handling involves utmost pre-
caution to prevent infection.

6 Outpatient care. Following discharge, the woman is seen in the outpatient clinic
and the tissue expanders expanded with injected normal saline using a butterfly
needle 23 gauge and a sterile technique. Up to 100 ml may be installed at any
time, depending upon the tension in the overlying muscle and skin. For most
women two expansions are sufficient, but occasionally more are needed. Fol-
lowing optimum expansion, the patient waits for three months so that maxi-
mum ptosis can develop.

7 The second procedure. The tissue expander is aspirated and removed. Where
necessary to achieve better shape, an inferior and medial capsulotomy can be
performed using bipolar scissors. The definitive prosthesis is selected and
inserted. If the NAC has not been conserved, the NAC reconstruction followed
by NAC tattoo is performed later under local anaesthetic.

Outcomes

The concept of a single operation to include mastectomy and reconstruction is an
attractive ideal but seldom gives good cosmesis. This new technique allows
development of the medial and inferior poles of the reconstructed breasts, to-
gether with the opportunity for accurate nipple placement. The aesthetic results of
the two-stage process for most women are a significant improvement over a
one-stage operation. The procedure has evolved by attention to detail to correct
possible cosmetic inadequacies.

The cosmetic key is the match of the skin envelope surface area to that
achievable by the expanded muscle pocket that constitutes the neo-breast mound.
In any breast with natural, minor or moderate ptosis, a good match can be
achieved if breast volume is not much larger than approximately 500 cm?®. If there
is major ptosis, then infra-mammary fold de-epithelialization and shortening is
essential if the nipple position is to be accurate whilst at the same time avoiding
redundant inferior pole skin.

In a natural breast of greater than 700 cm? in size or with gross ptosis, nipple
elevation using a mastopexy technique is not possible, and in these cases the nipple
should be removed and reconstructed at a later date.

Complications were uncommon in this series. One patient underwent is-
chaemic NAC loss followed by infection of both tissue expanders. These were
removed, but delayed reconstruction was successful 6 months later. In two cases,
partial depigmentation of the natural NAC was corrected by tattoo.

This series has but short follow-up. Nevertheless, there have been no women so
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far diagnosed with any breast disease following surgery. There are potential
psychosocial morbidities associated with this procedure, and those are the subject
of an ongoing multicentre study in the UK to which many of these women have
contributed.

Follow-up

Follow-up of women who have undergone surgery is considered to be an import-
ant part of the protocol. In Manchester, women who have undergone prophylactic
mastectomy are followed up annually at a multidisciplinary day. As well as
discussion of problems/issues with all the relevant clinicians (geneticist/oncol-
ogist/psychiatrist/surgeons), each patient is examined. Clinical examination by
palpation of the breasts is felt to be adequate as remaining breast tissue is very
superficial in all types of surgical procedure. No cancers occurred prospectively in
the 174 women who had undergone surgery in the European group (Evans et al.,
1999). Using data from Claus et al. (1994) and the International Linkage Consor-
tium (Ford et al., 1994), it is possible to calculate annual age-dependent expected
incidence rates for breast cancer in women who have not undergone surgery. The
mean expected rate for our cohort of women was 1% annually, reflecting a lifetime
risk that ranged from 25% to 80%. Even though this cohort already had a
follow-up in excess of 400 woman years, only four cancers would have been
expected. Follow-up of an extended cohort for more than 5 years will be necessary
to address the issue of risk reduction. If this is to be analysed by type of surgery or
by confining to known BRCAI/2 mutation carriers only (17/174), even longer
follow-up will be necessary.

Uptake

Our own data from Manchester have shown that 8-10% of women at 1 in 4
lifetime risk or above have sought further advice about risk-reducing mastectomy
and 6% have proceeded, rising to 11% in those at 40% lifetime risk. Of those
proven unaffected mutation carriers aged less than 60 years, 17 out of 35 (48%)
have now opted for risk-reducing surgery (Lalloo et al., 2000). Results from the
Netherlands show a similarly high uptake (52%) (Meijers-Heijboer et al., 2000).
Thus far, two patients in our series and several in the Dutch series that initially
opted not to have surgery have developed breast cancer, contrasting with none of
the operated cases (Meijers-Heijboer et al., 2000).



293 Prophylactic mastectomy in mutation carriers

REFERENCES

Claus EB, Risch N and Thompson WD (1994). Autosomal dominant inheritance of early-onset
breast cancer; implications for risk prediction. Cancer 73: 643-51.

Eccles DM, Evans DGR and Mackay ] (2000). Guidelines for a genetic risk based approach to
advising women with a family history of breast cancer. | Med Genet 37: 203-9.

Eeles R 1996. Testing for the breast cancer predisposition gene, BRCA1. Br Med ] 313: 572-3.

Evans DGR, Fentiman IS, McPherson K, Asbury D, Ponder BAJ and Howell A (1994). Familial
breast cancer. Br Med ] 308: 183-7.

Evans DGR, Cuzick ] and Howell A (1996a). Cancer Genetics Clinics. Eur ] Cancer 32: 391-2.

Evans DGR, Kerr B, Cade D, Hoare E and Hopwood P (1996b). Fictitious breast cancer family
history. Lancet 348: 1034.

Evans DGR, Anderson E, Lalloo F, et al. (1999). Utilisation of preventative mastectomy in 10
European centres. Disease Markers 15: 148-51.

Ford D, Easton DF, Bishop DT, Narod SA and Goldgar DE (1994). Risks of cancer in
BRCAI1-mutation carriers. Lancet 343: 692-5.

Ford D, Easton M, Stratton S, et al. (1998). Genetic heterogeneity and penetrance analysis of the
BRCA1 and BRCAZ2 genes in breast cancer families. Am ] Hum Genet 62: 676-89.

Goodnight JE, Quagliana JM and Morton DL (1984). Failure of subcutaneous mastectomy to
prevent the development of breast cancer. J Surg Oncol 26: 198-201.

Hartmann LC, Schiad DJ, Woods JE, et al. (1999). Efficacy of bilateral prophylactic mastectomy
in women with a family history of breast cancer. N Engl ] Med 340: 77-84.

Julian-Reynier C, Eisinger F, Moatti J-P and Sobol H (2000). Physician’s attitudes towards
mammography and prophylactic surgery for hereditary breast/ovarian cancer risk and subse-
quently published guidelines. Eur ] Hum Genet 8: 204-8.

Julian-Reynier C, Bouchard L, Evans G, et al. (2001). Women’s attitudes toward preventive
strategies for hereditary breast/ovarian cancer risk differ from one country to another:
differences between Manchester (UK), Marseilles (F) and Montreal (Ca). Cancer 92: 959-68.

JW, Eeles R, Cole T, Taylor R, Lunt P and Baum M (1996). Prophylactic mastectomy for genetic
predisposition to breast cancer: the proband’s story. Clin Oncol 8: 222-5.

Lalloo F, Baildam A, Brain A, Hopwood P, Howell A and Evans DGR (2000). Preventative
mastectomy for women at high risk of breast cancer. Eur ] Surg Oncol 26: 711-13.

Lynch HT, Lemon SJ, Durham C, et al. (1997). A descriptive study of BRCA1 testing and
reactions to disclosure of test results. Cancer 79: 2219-28.

Meijers-Heijboer EJ, Verhoog LC, Brekelmans CTM, et al. (2000). Presymptomatic DNA testing
and prophylactic surgery in families with a BRCA1 or BRCA2 mutation. Lancet 355: 2015-20.

Schrag D, Kuntz KM, Garbor JE and Weeks JC (1997). Decision analysis — effects of prophylactic
mastectomy and oophorectomy on life expectancy among women with BRCA1 or BRCA2
mutations. N Engl ] Med 336: 1465-71.



294 D. G.R. Evans et al.

Wooster R, Neuhausen SL, Mangion J, et al. (1994). Localization of a breast cancer susceptibility
gene, BRCA2, to chromosome 13q12-13. Science 265: 2088—90.

Zeigler LD and Kroll SS (1991). Primary breast cancer after prophylactic mastectomy. Am J Clin
Oncol 14: 451-4.



Psychosocial aspects of genetic counselling
for breast and ovarian cancer

Alison Bish! and Steven Sutton?

'Cancer Research UK, London
Znstitute of Public Health, University of Cambridge, UK

Introduction

295

The population risk of developing breast cancer in the UK is 1 in 12 and the risk of
ovarian cancer is 1 in 100. A small proportion (approximately 5-10%) of women
who develop breast and ovarian cancers have an inherited genetic susceptibility to
these cancers (Easton and Peto, 1990; Claus et al., 1991). To date, two breast and
ovarian cancer predisposing genes have been identified: BRCAI (Miki et al., 1994;
Easton et al., 1995; Narod et al., 1995) and BRCA2 (Wooster et al., 1995). Women
who have inherited a mutation in the BRCAI or BRCA2 gene have approximately
an 80% risk of developing breast cancer over their lifetime, particularly at a young
age, and a 40%-60% lifetime risk of developing ovarian cancer (Easton et al.,
1995).

Widespread publicity about the possible genetic basis of some breast and
ovarian cancers has led to an increase in concern amongst women with a family
history of these cancers. Increasing numbers of women are attending clinics in
hospitals in the UK for genetic counselling about their family history of breast or
ovarian cancer, where most will want information about their future risk of
developing cancer (Brain et al., 2000a) and about what steps they can take to
minimize this risk. A further motivation for attending for genetic counselling is to
undergo genetic testing. Both risk counselling and genetic testing have psycho-
social effects. An overview of these will be covered in this chapter, including the
psychological impact of risk counselling and risk perceptions, and changes in these
following counselling, attitudes towards genetic testing, and impact of test results
on psychological state and behaviour.
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Psychological distress associated with genetic counselling for breast/ovarian

cancer

Relevant psychological issues have been raised and discussed regarding hereditary
breast cancer (Lerman and Croyle, 1994). A point to note is that much of the
current research work in this area is theoretical, and a variety of measures and
inclusion criteria are used that make comparison between studies difficult. As
studies have used different assessment tools for measuring psychological distress,
apparent prevalence rates for distress vary (Hopwood et al., 1998), which has
implications for clinicians who provide genetic counselling. A variety of measures
are used. Some are specific to anxiety or depression (e.g. Hospital Anxiety and
Depression Scale — Zigmond and Snaith, 1983; Beck Depression Inventory — Beck
and Steer, 1987; State-Trait Anxiety Inventory — Spielberger et al., 1983), others
assess more general psychiatric distress (e.g. General Health Questionnaire —
Goldberg and Williams, 1988), and others are cancer specific, or can be adapted to
be so (Cancer Worry Scale — Lerman et al.,, 1991; Impact of Events Scale —
Horowitz et al., 1979).

What seems to be clear from the research is that women at risk of hereditary
breast/ovarian cancer do suffer some level of psychological distress. Research in
the USA has found that relatives of breast cancer patients, who are therefore at
increased risk themselves, may suffer psychological distress (Wellisch et al., 1991;
Kash et al., 1992). Twenty-seven per cent of the women in the study carried out by
Kash et al. were suffering psychological distress that warranted psychological
counselling. Some studies in the UK and USA have found that levels of anxiety and
general distress among women at risk who are attending for genetic counselling
are higher than those found in the general population (e.g. Lerman et al., 1994;
Valdimarsdottir et al., 1995; Cull et al., 1999).

Some research has used standard measures, which give an indication of the
proportion of women who can be classified as clinical cases in terms of their levels
of anxiety, depression and general psychological distress, and has found fairly high
proportions of individuals to be under stress. In a recent study it was found that
41% of the women had a possible anxiety disorder, as measured by the Hospital
Anxiety and Depression Scale, and 11% had a possible depression disorder, prior
to attending for genetic counselling (Bish et al., 2002). These proportions are
comparable to those found in other studies of women undergoing genetic coun-
selling for breast/ovarian cancer risk (e.g. Dudokdewit et al., 1998; Lodder et al.,
1999; Kent et al., 2000). Other studies (e.g. Cull et al., 1999; Watson et al., 1999)
have found approximately 30% of their sample of women undergoing genetic
counselling to be classifiable as ‘cases’ on a psychiatric measure (General Health
Questionnaire).
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There is also growing research evidence that a substantial minority of women
attending for genetic counselling suffer from specific worries about developing
cancer (e.g. Brain et al., 1999; Bish et al., 2002). For example, in the study by Bish
et al. (2002), 34% of women reported that they worry often or almost all the time
about developing breast cancer. Worry about developing ovarian cancer amongst
women attending for genetic counselling is rarely assessed, despite the fact that if
women have a BRCAI or BRCA2 mutation they are at a greatly increased lifetime
risk of developing ovarian cancer. Worry about developing ovarian cancer tends
to be found to be lower in studies where this has been assessed (e.g. Bish et al.,
2002), probably due to the fact that it receives less media coverage than breast
cancer and is less common.

Aside from the negative psychological impact of distress, raised levels of distress
can have detrimental behavioural effects. Women who are distressed may fail to
take in the information they have been given during counselling about risk and
surveillance behaviours (Hopwood et al., 1998; Cull et al., 1999) and act on this
information appropriately (Lerman et al., 1995). In addition, anxiety may dimin-
ish women’s willingness to participate in screening and surveillance (Kash et al.,
1992; Lerman et al., 1993) or may lead to excessive self-examination (Brain et al.,
1999).

Genetic counselling may have positive effects on pre-existing levels of distress.
Some of the few prospective studies that have examined how genetic counselling
may influence levels of distress have found that general distress (Cull et al., 1999;
Brain et al., 2000b) and cancer-specific worry (Bish et al., 2002; Brain et al., 2000b;
Kent et al., 2000) reduce following counselling, although other research has found
no change (Watson et al., 1999). However, the group in the study by Watson et al.
was not split on the basis of their actual risk of developing cancer, which may be
likely to influence level of worry, with those individuals at the most risk being least
reassured by counselling.

A point to note is that much research is neither prospective nor includes a
long-term follow-up. The advantage of prospective studies is that they enable the
effect of counselling on pre-existing baseline anxiety, depression and specific
worry to be examined. Longitudinal studies with a long-term follow-up enable an
examination of whether any observed changes in distress are sustained in the
long-term. Such information is obviously important for organizing clinical servi-
ces and providing the care to individuals at the most appropriate time.

Psychological distress amongst previously affected women

Women who have already had and been treated for breast or ovarian cancer
(‘affected’ women) make up a significant proportion of those being counselled in
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genetic centres. Evaluation of the psychological effects of genetic counselling
among such affected women has been relatively neglected in the literature on
psychological distress. The assumption seems to be that these women will be less
distressed and worried in the face of being at increased risk as they have already
had cancer and therefore received the ‘worst possible news’. However, some
research has found that in fact such women are more worried, particularly about
developing ovarian cancer, and show raised perceptions of risk in comparison
with unaffected women (Bish et al., 2002). Such findings indicate the need for
sensitive counselling of these women.

Perceptions of risk

Most women with a family history of breast or ovarian cancer seem to have an
unrealistic view of their risk of developing such cancers; whether this is pessimistic
or optimistic varies from study to study. The variation seems to be due to the type
of measures used. Some studies use comparative measures where women are asked
to compare themselves with other women, while other studies use ratios where
women are asked to select the ratio (e.g. 1 in 2, 1 in 100) that they believe
corresponds with their risk. There is some evidence that women attending for
genetic counselling over-estimate their risk before their consultation (Lerman et
al., 1995). Lerman studied first-degree relatives of breast cancer patients (often the
type of woman attending for genetic counselling) and found that 21% thought
they were at a much higher risk of developing breast cancer than the average
woman; 57% thought they were at higher risk and only 21% thought their risk was
the same or less than the average woman. In a recent UK study (Bish et al., 2002) it
was found that 47% of women attending for genetic counselling felt that their risk
was slightly higher than other women, and a further 36% felt that it was much
higher. Perceptions of the likelihood of carrying a genetic mutation were also
elevated, with 43% of the women feeling that this was fairly likely and 20%
extremely likely. Other research has found that women with a family history of
breast cancer are as likely to under-estimate as over-estimate their risk (Evans et
al., 1993) or indeed be more likely to under-estimate their risk (Cull et al., 1999).
These studies used the same measure, which was selection of a ratio to assess
perceived risk.

The aim of genetic counselling is to impart a realistic perception of risk so that
women are able to make informed decisions about health management strategies,
such as screening and surveillance. There is some evidence that genetic counselling
can increase accuracy in perceptions of risk (e.g. Evans et al., 1994; Cull et al., 1999;
Watson et al., 1999). Evans et al. (1994) found that improvements in accuracy
were more common amongst those women who had previously over-estimated
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their risk. Watson et al. (1999) reported that, whilst there were initially good
improvements in accuracy, at 1-year follow-up substantially fewer women were
accurate. This is important to note as it may be that information is not retained for
long enough to influence behaviour and screening intentions.

Genetic testing

Mutation searches and predictive testing

Before an individual who has not had cancer can be tested to determine whether or
not they have inherited a susceptibility to breast or ovarian cancer, it is first
necessary to undertake a germline mutation test. This involves taking a blood
sample from a member of the family who has had breast or ovarian cancer and
where there is a high chance of a genetic mutation. The BRCAI and BRCA2 genes
are then analysed to determine whether a mutation exists. If a mutation is found, a
‘predictive test’ will then be available for individuals in the family who have not
had these types of cancer.

Genetic testing for the presence of mutations in BRCAI or BRCA2 is still
relatively new, and individuals undergoing genetic testing carry a substantial stress
burden. If the results of the test are positive they cannot, of course, indicate when
the disease will develop, or indeed whether it will, as the genes do not have full
penetrance. Also, sporadic breast cancer risk factors are still present for these
women (e.g. age of menarche, menopause, pregnancy and age).

Genetic testing also has implications for an individual’s family, whose personal
risk estimates will change as a result of a family member’s test. In the case of
predictive testing, children of an affected parent are at increased risk of having
inherited the genetic mutation. Negative results may not provide relief if other
family members have positive results, and guilt may be associated with worry
about passing a gene on to children. Mutation searching also has implications for
family members. Positive results will mean that close relatives’ personal risk
estimates change, whereas inconclusive results mean that no further testing can be
carried out in the family. Research evidence for the psychological impact of test
results is outlined below.

Attitudes towards testing
Reported intention to undergo genetic testing is high (e.g. Lerman et al., 1994;
Lerman et al., 1995; Struewing et al., 1995; Meiser et al., 2000; Sutton et al.,
submitted for publication), with most research finding percentages over 75%
saying that they would be tested (usually the questions are posited for hypothetical
testing rather than in advance of an actual test, which may influence results). Some
research has examined actual uptake of testing and shows that uptake is also high —
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in most cases over 50% (Lynch et al., 1993; Valdimarsdottir et al., 1995; Watson et
al., 1996; Dudokdewit et al., 1997). Such findings are in contrast to Huntington’s
disease, where reported interest in testing was found not to be matched by actual
uptake. This discrepancy may be because of the lack of treatment for Huntington’s
disease and also its inevitability, as this gene has full penetrance. As uptake seems
to be high for BRCAI/2 testing, this has implications for support services. A
variety of individuals may undergo testing and a greater proportion may have
difficulty in adjusting to a bad news result. It may be the case that only those who
felt able to cope with bad news underwent testing for Huntington’s disease and
that this is why the predicted catastrophic reactions to the results have not been
borne out by research evidence.

A number of studies have examined motivations to undergo testing. The
strongest motivations seem to be desire for certainty in order to plan for the future
and to make informed decisions about screening and preventive options (e.g.
Tessaro et al., 1997). A recent longitudinal UK study has examined factors that
affect intentions to have a test (Sutton et al., submitted). Sutton et al. found that
the strongest-held beliefs among women at risk of developing breast and ovarian
cancer were that a test would make them aware of problems with their breasts
before a cancer developed and that a test would give them certainty about whether
or not they would develop cancer in the future. This latter belief was strongly
associated with a high intention to have a test. In addition, the study also found
that in deciding whether or not to have a genetic test, women would take into
account what they thought their family would want them to do.

Brief note about gender differences

Most research focuses almost exclusively on women, as women make up the vast
majority of those individuals seeking genetic counselling or being referred to such
services. In addition, the cancers involved are more likely to affect women, in the
case of breast cancer, and to exclusively affect women, in the case of ovarian
cancer. Some research has also included men (e.g. Struewing et al., 1995) and has
found that men tend to be more reluctant to undergo genetic testing. However, a
point to note is that if potential male carriers are not tested, then the risk to their
daughters could remain hidden. In addition, some research has found that women
with sons do not see genetic testing as being advantageous for their children
(Meiser et al., 2000).

Inconclusive results

Reduction of uncertainty is thought to be one of the major psychological benefits
of genetic testing! (Dudokdewit et al., 1997). However, the results from a

! Uncertainty about developing breast cancer cannot be eliminated even with predictive testing as popula-
tion risk remains and the gene does not have 100% penetrance.
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mutation search can be far from conclusive. Whilst a positive finding is conclusive,
if no mutation is found this does not indicate that there is no mutation in the
family, as an as yet unidentified genetic mutation may be causing the cancer. This
type of result is complex and may be difficult for patients to understand. Some
research suggests that psychological distress is caused by ‘not knowing’, and that
any result at all is beneficial. For example, Lerman et al. (1998) found that: (1)
women who declined testing who had a high level of baseline distress were more
distressed 1 month later; (2) there was no change in carriers; and (3) in non-
carriers distress reduced. In the case of Huntington’s disease, Wiggins et al. (1992)
found that individuals who were tested for this disease who could not be given a
result (or who declined to go ahead with the testing) scored higher on depression
at 12 months in comparison with their baseline than those who were carriers or
non-carriers.

Psychological impact of results

Studying the impact of receiving predictive test results for BRCA1/2 is in its
infancy. Research has tended to show that pre-existing mood is the best predictor
of impact of BRCA1/2 results rather than the result itself (Dudokdewit et al.,
1998). It is therefore important to carry out prospective research in order to take
into account pre-existing psychological state. Some studies have not found serious
short-term psychological effects after undergoing BRCAI/2 predictive testing
(Lynch et al., 1993; Lerman et al., 1996). Lerman et al. (1996) found that non-
carriers had a reduction in depression in comparison with carriers and non-tested
individuals, but that carriers did not show any increase in distress at 1-month
follow-up. Some research has found that the order of testing can be important. For
example, Smith et al. (1999) found that women undergoing predictive BRCA1
testing who were first in the family had the greatest adverse psychological conse-
quences to the test result. In fact they found that levels of distress amongst carriers
were higher than levels found amongst cancer patients shortly after diagnosis.
Another important factor can be personal experience of cancer. Croyle et al.
(1997) found that carriers had more cancer-related worries than non-carriers, the
highest levels being amongst those carriers who had had no cancer themselves.
General distress reduced after testing for both carriers and non-carriers, showing
the clinical importance of using specific measures to examine levels of psychologi-
cal distress as general assessments may fail to identify those in need of assistance. It
is possible that, in the longer term, differences will not show. For example,
Wiggins et al. (1992) found that carriers and non-carriers of the Huntington’s
gene differed immediately after receiving their result, differed less at 6 months and
did not differ at all at 12 months.
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Effect of results on behaviour

It is important to assess how the recipients perceive results as the result can have
an impact on an individual’s future behaviour. It is possible that the inconclusive
result given for germline mutations for BRCA1/2 may in fact be seen as a true
negative result. Some preliminary research examining the psychological impact of
an inconclusive result suggests that this may be the case (Bish et al., submitted for
publication). There is a risk that if people test negative (or perhaps perceive that
they have done so), then intentions to attend for screening may reduce (Bish et al.,
2002) or they may fail to attend for surveillance and be breast aware (Lerman et al.,
1996). Indeed, evidence from the USA would support this. Lerman et al. (2000)
found that a year after receiving their test result large numbers of carriers were not
attending for recommended breast and ovarian screening.

Conclusions

Individuals undergoing genetic counselling for breast and ovarian cancer may
suffer psychological distress in terms of raised levels of anxiety and depression and
specific worries about developing cancers. In addition, risk perceptions are likely
to be inaccurate. Genetic counselling can help both to alleviate levels of distress
and also to increase accuracy of risk perceptions. Interest in, and uptake of, genetic
testing is high but preliminary research findings suggest that there is no serious
psychological effect of testing. However, test results may have an impact on an
individual’s future willingness to participate in screening and surveillance. In view
of the fact that this area is relatively new, further well-designed rigorous research is
required to build on the findings available so far, in particular to explore the
long-term psychological and behavioural effects of genetic testing on individuals
and on their families.
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Introduction
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From the time that a family is informed of the identification of a BRCAI/2
mutation, every individual in that bloodline has, in theory, the opportunity to
have a genetic test. Each person has the option to have counselling and can choose
to have the test, to postpone the decision, or to take no action. The issues that
affect this decision and the potential personal sequelae are discussed elsewhere,
and are different for men and women.

In the simplest terms, the level of uptake of a test is the number of family
members who opt for testing divided by the number of people in the bloodline.
The ideal measurement of uptake would involve contacting all family members,
and offering counselling and testing. However, in routine clinical practice, family
members unknown to clinic are not informed out of the blue about their risk or
invited to attend.

This practice respects the confidentiality of patients, and avoids the potential
for unexpected anxiety, but anecdotal accounts from the Huntington’s disease
experience suggest that neither the direct approach nor a non-interventionist
course is appropriate for everyone. This also leaves questions about the group of
family members not known to clinicians. These are the hardest to quantify because
it is impossible to know whether they know about the test and have made an
informed decision not to attend clinic, or whether they are unaware of either their
family history or the availability of a predictive test.

Studies of families used in research contexts have demonstrated variable uptake,
but the protocols for testing have varied between studies. In some protocols, an
affected proband is the only person to be informed when a mutation is found. In
studies with unaffected proband(s), if a mutation is subsequently found in a
sample obtained with permission from an affected relative, several people may be
informed of the result.
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These different approaches, and the usual range of family communication and
dynamics, may affect the numbers of persons attending for counselling, and
therefore the size of the ‘unknown’ group. Whilst it is important to know what
proportion of clinic attendees will have testing, the ‘unknowns’ must also be
considered, as these are potential future patients.

Within publicly funded health systems, it is useful for service providers and
budget holders to have an estimate of the likely level of uptake. The following
sections will be discussed in more depth: (1) the experience from other genetic
tests, (2) expectations of levels of test utilization, and (3) the theoretical measure-
ment of uptake and how this compares with research on actual uptake.

The experience from other genetic tests

Late-onset disorders are unique in that the implications for the individual usually
have priority over reproductive decisions. As a result, protocols for testing for
late-onset disorders have been developed using Huntington’s disease (HD) as a
model. The anticipated rate of utilization of a predictive test for HD was high
(70%+) (Schoenfeld et al., 1984) when the question was hypothetical, but actual
uptake is 10-15% (Craufurd et al., 1989; Tibben et al., 1992; Quaid and Morris,
1993). This may be due to the lack of a cure or any preventive measures as well as
to the inevitability of developing the degenerative disorder.

The word ‘predictive’ is less appropriate than ‘pre-symptomatic’ when discuss-
ing testing for cancer predisposing genes. A mutation-positive result does not
always mean that the patient will develop cancer, and effective screening may
reduce the mortality rate. The option of prophylaxis (often surgery) is available in
some cases and so a bad-news result is not a death sentence. This does not negate
the ‘worry of waiting for cancer’ that such a result can cause, but the rate of uptake
of testing for cancer prediposing genes was anticipated to be higher, after counsell-
ing, than for HD.

A Finnish study of uptake of predictive testing for hereditary non-polyposis
colorectal cancer (HNPCC) showed a rate of 88% of the study sample, qualified as
75% of the whole sample (including non-responders), and redefined as 96% of
those who attended for the first counselling session (Aktan-Collan et al., 2000).
This involved one-to-one counselling, as opposed to the family group counselling
offered in the Lerman et al. (1999) study, which reported a 43% test uptake for
HNPCC.

Evans et al. (1997) discussed von Hippel-Lindau disease, familial adenomatous
polyposis and neurofibromatosis type 2, and found that the rate of uptake of
testing was high, with combined figures of 95% for those aged under 16 years, 77%
for adult males and 93% for adult females. This was a register-based study of three
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different conditions where there is some advantage to be conferred from early
screening. This means that childhood testing is offered (unlike HNPCC or
BRCA1/2), and the high rates in under-16s may be due to parental influence.

The exception here is Li—-Fraumeni or Li-Fraumeni-like syndrome, where there
is no clear screening protocol due mostly to the characteristics of these syndromes.
This has led to a lower rate of uptake, at about 25% (Schneider et al., 1995; Evans
et al., 1997), which is in line with the HD rate.

In general, for late-onset conditions, it can be said that experience of pre-
symptomatic genetic testing suggests that the better the prognosis and preventive
measures, the higher the rate of uptake. However, where there is no screening or
preventive steps that can be taken, careful non-directive counselling often results
in fewer family members taking the test.

Anticipated rates for BRCA1/2

As breast cancer is the most common form of cancer in women, with a population
rate of 1 in 12 in the UK and 1 in 9—-10 in the USA, most women know of someone
affected by the disease. In addition, there have been many public health campaigns
aiming to raise women’s awareness of the need for screening.

In general, the population rate of ovarian cancer of 1 in 70 is less well known,
and there is less general awareness of the disease.

Women are usually better both at reporting health concerns and utilizing
healthcare services than men. Thus, the hypothetical offer of a genetic test for two
‘women’s cancers’ may be expected to elicit a high positive response rate. A
negative result would reduce potential worry about these cancers, and for women
without a family history of breast/ovarian cancer, this may be seen as another way
of looking after their general health.

Research into the potential uptake of BRCA1/2 testing

Hypothetical studies of various groups of subjects have been carried out regarding
their intentions and attitudes towards genetic tests. These include: general popula-
tion samples, groups of first-degree relatives of affected individuals, patients with
cancer, women and men with and without a defined family history of hereditary
breast/ovarian cancer, those of Ashkenazi Jewish descent, and other social groups.
The methods and results are summarized in Table 19.1 and discussed below.
Many of these studies were undertaken prior to the cloning of BRCAI and
BRCA2. Mutations are spread throughout both BRCA genes. However, founder
mutations in up to 2% of Ashkenazi Jews mean that a meaningful test can be
offered without a mutation search or a strong family history (Lalloo et al., 1998).
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For most other families in Britain, finding the gene fault can take some time.
This is confounded by the potential for mutations to be in uncharacterized genes
(BRCA3/4), and has led to recent psychosocial studies into the effects of a long
wait for a definite result (Broadstock et al., 2000). Early papers reported on linkage
studies prior to cloning of the genes, and in some families, despite full sequencing,
mutations have not been found.

As can be seen in Table 19.1, there are a variety of methods used for the studies
undertaken prior to cloning. These all have the potential to alter the result of any
uptake measurement (actual or hypothetical) and are discussed on p. 319 of this
chapter. It is important at this stage to encourage the reader to consider the study
methodology in context with the predicted rate of test utilization.

The general population

The main difference between hypothetical and retrospective studies is that the
‘general population’ can be offered a ‘gene test for breast cancer’, as opposed to a
test for a faulty family gene. This expression was used by Ulrich et al. (1998), who
also offered men ‘a gene test for prostate cancer’, in a random telephone poll in
Washington State, USA, in 1995-96. They found that 76% of women and 83% of
men said that they would definitely or probably take this test, for which no fee was
mentioned. The sample included 6.9% of participants who had a personal history
of (non-specific) cancer, and no assessment was made of the family history
reported by 5% of men and 9% of women. It was noted that the very-well-
educated women showed less interest in this hypothetical test than those who were
less educated.

Hereditary breast/ovarian cancer families

Prior to the detailed characterization of BRCA1I (and the discovery of BRCA2), a
number of studies focused on individuals with a proven family history of breast
and ovarian cancer, two reported rates of interest (definite or probable) in a
genetic test being approximately 95% (Lerman et al., 1994; Struewing et al., 1995).
A third study (Julian-Reynier et al., 1996) found a similar rate amongst unaffected
women with at least one first-degree relative (FDR) affected, but a lower rate of
interest (76%) in affected women. Struewing et al. (1995) added a note regarding
the fact that their sample was made up of people involved in linkage studies (some
having given blood), and that this was possibly a factor in the high rate. Lerman et
al. (1994) suggested that the request rate for tests among low-risk women would
be high, based on a telephone poll of FDRs of women with ovarian cancer.
Lerman et al. (1995), in a similar study that examined the FDRs of breast cancer
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patients, found a 91% interest in genetic testing, despite 83% and 80% of subjects
anticipating that a mutation-positive result would cause anxiety and depression
respectively. In this group, only 10% had more than one FDR with breast cancer,
and 14% had a risk of breast cancer that was greater than 15%, as reported by the
researchers.

Calculating uptake

Mathematically speaking, the definition of uptake is the number of people tested
divided by the number of people who could potentially be tested, or U= n/N,
where U is uptake, n is the number of people who have had a test, and N is the
maximum number of people who could be tested.

The most simply categorized term refers to the people who have had a test. It
can be easily stated that in clinical studies and situations, any person who gives
blood but then declines to receive their result has in effect not been tested. This
reflects the patient’s experience and confidentiality, as even if the clinician is aware
of the patient’s mutation status, they are unable to act upon it.

What kind of test?

The first expression to be defined must be ‘test’. Does this refer to predictive/pre-
symptomatic tests only, to tests on people with and without a diagnosis of cancer,
or to mutation searches carried out on samples from affected individuals? If it is to
include mutation searches, then the status of the sample donor must be given —are
they alive or deceased? — and there must be guides as to when an inconclusive
result (no mutation found) counts as a gene test. Is linkage included? What is the
status of a test for a founder mutation (especially Ashkenazi Jewish) in a woman
without a strong family history of breast or ovarian cancer? Currently, it is realistic
to define a test as being for a known family mutation (previously detected in the
affected proband) or for a relevant founder mutation.

What is the study population?

Whose uptake is being measured? Is it the rate for the family (Uy), or the rate for
those seen at a particular clinic (U;)? In situations where a test is only offered as
part of a study protocol, and an active approach is made to recruit family members
to the study, these can be seen as one and the same. However, in routine practice,
this cannot be controlled, as mutations are found one by one, and information
allowed to naturally disseminate through the family. Many kindreds are spread
across regions, and unless active recruitment takes place or information is cross-
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checked between centres, it is possible that the information recorded on a family
in one centre is at best out of date, with the potential to be very inaccurate. In this
situation, U, becomes more important.

Changes over time

It is very important to put a time component into the equation, as every family’s
situation can change, until every member has had a test. Until an individual has
received their test result, they have the option to move from the ‘untested” group
to the ‘tested” group. This is a weakness in research counselling/testing protocols
where a test is offered at a particular time, as other life factors such as deaths or
marriages may have priority for the participants at that point in time. Also, an
individual who has initially declined testing may be triggered to reconsider their
decision by an outside event. It may be more revealing to consider the rate of
uptake within each family, where AUs= An/N x Atime, and how this changes.

The way in which information is passed around the family now becomes
relevant, as the starting point (= 0) must be defined. A precise measure of the rate
of uptake would be from the time that each individual became aware of the
availability of a genetic test to the time when they made a decision to take the test.
This shows the advantage of studies using the proactive approach, as this point can
be defined, and the time taken to testing by each individual can be measured
accurately.

The difficulties involved in measuring time delays without interfering in or
prompting family communication routes make calculation of an exact figure for
the time from being informed to having a test difficult. For example, it would be
unlikely that patients could accurately recall when each and every family member
was informed of the availability of a test. Without very specific records, it is
impossible to establish whether significant delays in attending for testing are due
to periods of reflection, or cancellations, or natural delays in referrals and clinic
waiting times.

Defining t=0 as the date on which the first individual(s) in the family was
informed that a mutation had been identified (the affected proband and/or
previously known at-risk relatives) gives the most realistic starting point for a
retrospective study or audit. However, it may be possible to record the time taken
from the commencement of counselling at clinic for each individual.

Attendance for education and counselling

Only when an individual attends clinic is it possible to be sure that they are aware
of their family history and the implications it may have for them. It may be
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preferable to measure uptake as a proportion of those who have attended clinic,
rather than of the whole family. This would change the equation to: U;=#n/C,
where U; is the uptake amongst people known to have received counselling about
testing, and C is the total number who have had counselling. If this were the
calculation used, then the relationship between N and C must be stated, so that it
can be seen how many at-risk family members have attended clinic (A= C/N,
where A is attendance at clinic).

The proportion of family members (A) who have attended clinic (and their
whereabouts on the pedigree) gives some indication as to the spread of informa-
tion around the family. The ‘unknowns’ are those who have not come forward to
clinic, and therefore might not know about the availability of testing. These are
potential future patients (F), and cannot be discounted unless they have actively
declined counselling and testing. It is questionable as to whether non-response to
an invitation to participate in an education/testing research programme counts as
informed non-utilization. ‘A’ cannot be measured in studies involving active
recruitment to a research testing protocol, and U; has less meaning in these
studies, as it only shows the participation level in the study, unless testing in that
area is available solely as part of a research protocol.

Eligibility

Who is eligible for pre-symptomatic testing? The definition of the denominator
includes more clauses and sub-clauses than any other part of the equation. It may
be simplest to count everybody in the bloodline of the family. However, it is not
usual practice to test those under the age of 18 years, or those unable to give
informed consent due to mental health or learning problems. In a National Health
System setting, when calculating the uptake amongst patients of one particular
clinic (U;), the family members resident in another region or country become
ineligible for testing by that clinic.

It is unnecessary to test the children (and grandchildren) of anybody found to
be a non-carrier. This reinforces the importance of including a time component in
the calculation, as the number of people in the denominator is dynamic and may
be reduced or increased by mutation-negative or mutation-positive results re-
spectively.

Some descendants of a mutation-negative individual may have been counselled
by a clinic prior to reduction of their risk. They must therefore be removed from
the updated calculation of uptake with respect to counselling (C). Conversely, it is
not usual to test children without having already tested the parent. Therefore,
theoretically, until the parent has had a test, the children are ‘ineligible’. If this is
formally phrased, it could be said that only those at 50% risk of having inherited
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the mutation were ‘eligible’ for inclusion in the denominator, at any point in time.

This definition is too narrow because there may be an intervening relative who
is unavailable for testing (probably deceased). As mutations in the BRCAI/2 genes
are not fully penetrant, the children of an unaffected woman are still at risk of
having inherited the faulty gene copy. So, the group of people who could be tested
includes those in each vertical bloodline at most risk of inheriting the mutation,
i.e. those at 50% risk, or those at 25% (or 12.5%) risk where the intervening
generation is unavailable for testing.

And finally, any obligate carriers (usually alive and well parents of the affected
proband in whom the mutation was found) could be said to be ineligible for
inclusion in the denominator of an uptake calculation, as their status is known by
default.

Pedigree studies

Who is included in audit-based research, using the family trees held in patients’
notes? Broadly speaking, this comprises those local, unaffected family members
made up of the siblings, sons and daughters of affected women and men, or the
nieces, nephews, granddaughters and grandsons, where their bloodline parent has
died (Figure 19.1).

If the information recorded on a pedigree has been provided by a patient and
not been exhaustively researched, it is likely to contain inaccuracies. This is
unavoidable, as the patient(s) may not have been in touch with his/her relatives
for years. In large extended families, it is unlikely that the different branches will
even know of each other, however geographically proximate they are. Therefore, if
the denominator in a calculation of uptake includes only those at 50% risk, and
contact has been lost, the patients at one regional clinic may not be aware of all
diagnostic and clinical activity in the family. As Figure 19.2 shows, the whole
picture may be quite different, and the level of attendance and testing measured by
one centre may be inaccurate.

Research contexts

Calculating the level of uptake from information ordinarily recorded in clinic can
be seen to be fraught with potential mistakes and problems. Audit-style research
based on clinical notes can only reflect the general trend, but it is difficult to see
how a research study could be designed such that accurate data collection could be
ensured without interfering in routine clinical practice. One possibility is through
a national register, or a similar system where information from a number of
sources is collated and compared.
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Figure 19.1 Fictitious pedigree, recorded from one branch of the family. Based on this information, the

uptake (U, in this kindred is 31%, the uptake amongst clinic attenders (U,) is 67% with an
attendance rate of 46% (those at 50% risk only) (RTA, road traffic accident).

Most investigations into the level of uptake of BRCA1/2 tests have been in the
context of other research protocols, usually psychosocial questionnaires and
sociodemographic measures. The advantages and disadvantages of studies based
on the proactive recruitment of patients have been mentioned, but other differen-
ces between approaches and clinic structures also warrant discussion. Table 19.2
shows a summary of these reports, and the papers are discussed in more detail in
the next section.

Summarizing the theoretical arguments given above, the equations for U, AU,
Ui, U and U; must now have the following definitions and include the following
terms:

Us=n/Nat t="X’
AUs=An/N x At
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U=n/Cat t="X", where A="Y’
U.=n/N, at tye="X
A=C/N
F=N-A
Ur = the level of uptake in a family, wherever its members are
AU;  =the change in uptake in a family (see below)
U = the level of uptake amongst informed patients
U. = the combined uptake for all the families seen at a clinic
A = the proportion of eligible family members who have attended for
counselling
F = the group who have not voluntarily come forward to clinic and whose
level of awareness is unknown; potential future patients
n = the number of people who have received the results of a genetic test for
a known familial BRCA1/2-disease-causing mutation
N = the number of people in the bloodline who could be tested. This

excludes those under the age of 18 years, obligate carriers and those
with mental health or learning difficulties. The level of risk must also
be defined to reflect clinical practice, so that only those in each vertical
bloodline at greatest risk (apart from healthy obligate carriers) are
included

t=X =the time after the family has been informed of the identification of a
mutation in BRCA1/2
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Figure 19.2. Information collected from another branch reveals a further diagnosis (111:18), which makes
11:8 an obligate carrier, and raises his descendants’ risks. Now U;=26%, while U, remains
similar at 71%, and attendance is 37%. However, without tracing 11:3, and checking directly
with the descendants of 11:4 and 11:6, can we be sure that the pedigree is complete, or that all
testing activity has been recorded?

C =the number of people eligible for testing under the criteria listed for N
who have attended clinic for counselling about the issues involved in
testing
N.B. The total number of people who have attended for counselling
would be U; + P, where P is any known patients whose risk has been
reduced to that of the general population by a mutation-negative result
in a parent

N, = the number of people eligible for testing under the criteria above who
are resident in the area covered by that specific regional centre

tave = the average time since the families were informed of their various

mutations
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Review of the literature to date

Having outlined the theoretical measurement and methods of uptake in the
previous section, Table 19.3 examines the context in which a number of studies
have been carried out to date. It can be seen that the eight reports that specifically
deal with the rate of utilization of BRCAI/2 testing have arrived at a number of
different figures, the lowest and highest quoted being 27% and 84% respectively.
The fact that both of these figures are from Julian-Reynier et al. (2000a) illustrates
that these ‘headline rates of uptake’ can be very different, depending on the
population included, and the study protocol.

Where the focus of the study has been on psychological or other measures, in
order to obtain the maximum number of responses active recruitment methods
have been used, such as by Lerman et al. (1996) and Bowles Biesecker et al. (2000).
Other research has concentrated on particular families (Watson et al., 1995; Smith
et al., 1999), again using proactive recruitment, whereas Reichelt et al. (1999) and
Julian-Reynier et al. (2000a,b) have reported on national rates. Finally, Hagoel et
al. (2000) provide data on the utilization of counselling rather than testing in a
national study, and Meijers-Heijboer et al. (2000) report on consecutive families
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attending one particular clinic. To make the quoted results of these different and
equally valid works more directly comparable, Table 19.3 includes a thorough break-
down of how these figures were calculated, extracted from the papers.

To facilitate ease of reading, the following discussion refers to the above studies by
the initials of the first author, for example Julian-Reynier et al. (2000) becomes J-R’;
BB, Bowles Biesecker et al. (2000); H, Hagoel et al. (2000); L, Lerman et al. (1996);
M-H, Meijers-Heijboer et al. (2000); R, Reichelt et al. (1999); S, Smith et al. (1999); W,
Watson et al. (1995).

Cultural differences between the populations in the different studies may have
influenced the decisions made by family members. However, the cost of the test was
not a consideration.

Attendance

When considering the numbers of eligible family members in each study, there are
difficulties in making comparisons. R, whose study population was composed of
family members who had previously attended for counselling and who were
offered a test when it became available, reports the highest rate. Therefore an
attendance rate of 100% was quoted. In contrast, L only supplies information
about study participants, and M-H doesn’t mention attendance. The lowest rate is
32% (J-R), but this is without active recruitment. In the case of the Norwegian
study (R), it is unclear whether there were family members who had declined
counselling at any time, and in the Watson paper (1995), it is unclear how many
individuals declined entry into the programme.

Where there has been active recruitment, it is easier to be sure that every eligible
family member is aware of their risk and of the availability of a test. In these
studies, the range of attendance is 39% (S) (one family) to 70% (BB). This may be
as high as 100% (R) as the recruitment method is unclear in two reports. In the
studies of families where fewer informative interventions have been recorded,
there is much greater agreement, with 32% attendance in France (J-R) and 34% in
Israel (H).

Making a broad generalization from these reports, it could be suggested that
one-third of family members attend for counselling spontaneously, and perhaps
two-thirds of family members have been definitely informed of their potential to
be tested. This raises the issue of whether it is the clinician’s responsibility to
ensure that every family member is aware of their risk status; this is a moral and
legal question that deserves wider debate than could be given here.
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Uptake amongst attendees

Once an individual has come forward for counselling, they are much more likely
to have testing than to decline the offer. Across the six reports that discussed this,
there was broad agreement that 78-99% of those attending clinic or research
education sessions will proceed to testing. The method of initiating attendance
appears not to impact on the rate of test utilization. However, it must be
remembered that those unwilling to undergo testing are more likely to refuse to
participate in research or to not make contact spontaneously, and so will not
attend.

Participation in ongoing research

It might be expected that participation in research for up to 20-25 years (BB) may
affect individual’s attitudes to, and reasons for, having testing. Thirty-eight per
cent of this sample were new to research, and comparisons showed no effect.
However, their very involvement may undermine this calculation, as they have
become ‘study participators’. Other authors generally acknowledge that the well-
researched families may not be typical.

There are privacy and confidentiality issues connected to the use of pedigree
information provided by one family member in genetic studies, and its trans-
mission to others. For example, Benkendorf et al. (1997) report that 56-57% of
first-degree relatives of cancer patients felt that written consent should be gained
before a member of the immediate family was informed of a genetic test result.
These and other workers (Powers, 1993; Winter et al., 1996; Julian-Reynier et al.,
2000b) remind us of the care that must be taken in using such information.

‘Time since genetic diagnosis’ as a selection criterion

Only two papers (J-R and M-H) refer directly to the time when the family’s
mutation was found. J-R used a cut-off point based on the 75th centile of elapsed
time in the initial sample, and excluded any families who had had less than 8
months to attend for counselling, while M-H used a date cut-off. Where testing
was offered as part of a specific research programme, this limitation may have
affected results. M-H showed that the rate of uptake had stabilized by 24 months,
but most of the finite offer periods are likely to have been shorter than this, and
this is often unclear. J-R includes those ‘in the process of testing’ in the headline
rate of uptake, therefore assuming that they will go ahead with testing. Anecdotal
evidence shows that some individuals will postpone testing for considerable
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periods, or decline to receive their results after blood has been drawn, making this
assumption unsafe.

Cancer and risk status

Up to 18% of the family members offered testing were affected with cancer (B),
with two papers (W and M-H) concentrating only on pre-symptomatic testing,
and one further work (S) not specifying what proportion of individuals contacted
had a diagnosis of cancer. In most cases, the uptake amongst affecteds and
unaffecteds is either directly reported or deducible from the data provided.
Unsurprisingly perhaps, every paper that provided complete data on cancer status
showed a higher rate of utilization of counselling (H) or testing in affecteds than in
unaffecteds, except where data were only available for study participants (BB),
where a rate of 79% was reported for both groups. J-R reports the lowest figures in
each group, while L consistently reports the highest (23% vs 56% and 69 vs 74%:
unaffecteds and affecteds respectively). This may once more reflect differences in
recruitment methodology.

Eligibility criteria definitions given ranged from being the first- or second-
degree relative (J-R) of the affected proband (i.e. having a risk of inheriting the
mutation of 50% or 25%, M-H) to a much looser given definition such as ‘being a
member of the extended family’ (W, L, R, BB). S and BB can both be criticized for
offering testing to, or contacting, the children of untested parents. The former
stated that: ‘non-participants were more likely to have a parent who had already
tested negative’, which would make them ineligible for testing under the usual
clinical criteria. Later in the text it is stated that the recruitment strategy was
designed so that at-risk parents were tested before their children, which further
confuses the analysis. In the latter, this was justified as allowing independent
decision-making, but negated by the fact that up to five family members were
present at each education and counselling session, so that private concerns may
have been more difficult to raise. The denominator for the uptake calculation
becomes questionable for both of these reports.

J-R, M-H and H provide the best descriptions of the chance of each unaffected
individual inheriting the family’s mutation, although using different terminology.
If the first-degree relative of an affected proband (J-R) or of a cancer patient (H)
can be assumed to have a 50% risk of inheriting the mutation (M-H), then all
report similar results. In this group, 40-44% (H, J-R) attended for counselling,
and 36% (J-R, M-H) proceeded to testing, but while there are less complete data
for those at 25% risk, the proportion seen/tested is considerably lower.
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Differences between females and males

With the far greater health implications for women of being a BRCA1/2 mutation
carrier, it is unsurprising that women tend to undergo testing more often than
men. Without differentiating the results by study method or by sampling criteria,
the ratio of women to men tested appears to be approximately 3: 1, and this also
applies when taking into account risk status and attendance records. It is difficult
to be more precise than this because of the varying study methodologies.

Comparing prospective and retrospective studies

The difference between the level of interest in testing and actual uptake is much
less for BRCA mutations than for Huntington’s disease. This is well illustrated by
the population studied by the BB group, who, in the 1995 report by Struewing,
reported that 95% would definitely or probably want to be tested. The actual rate
of test utilization was 55%, which is, as described by the author, probably due to
the differences in the ‘treatability’ and preventive measures available for the two
conditions.

Family studies

The BB group discusses family cohesion as a predictor of test utilization, while the
S group looking at sibships, investigates the effect of family position and how this
affects the psychosocial impact. The other authors mentioned concur that parents
are more likely to be tested than non-parents (M-H), and affecteds more than
unaffecteds (R).

The differences in uptake of predictive testing between kindreds, and especially
in nuclear families, may be due in part to their experiences of the disease of cancer,
and not just to the number of diagnoses. The measurement of the impact the
disease has had on each individual and family group will be difficult, but must
include psychological and psychosocial measures together with their own personal
risk. The development of such systems will allow the comparison of uptake in
close and disparate families and kindreds, in those who have been closely involved
in the affected’s life, treatment and death, as well as in those family members who
become aware of the disease during counselling.

Non-participants

In study families, non-participants have been identified by researchers, but the
same cannot be said for non-research families. Without records linked between
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regional centres, it is difficult to ensure that every individual is aware of their risk
or the opportunity to attend counselling. In a separate survey by Julian-Reynier et
al. (1996), 14% of breast cancer patients refused to contact their relatives, and
McAllister et al. (1998) showed that male family members were less likely to be
informed about breast cancer risk than their female relations.

The studies reviewed here that concentrated on specific families provide some
useful data regarding test-decliners or non-attenders, specifically Watson et al.
(1995), who account for everybody. Smith et al. (1999) report that non-partici-
pants are younger ( < 35 years), when the risk may not seem as important (see also
discussion above regarding risk). Bowles Biesecker et al. (2000) report that they
were unaware of any eligible family member having a test outside the study, but
unless this can be confirmed, especially in non-research families, both numerator
and denominator (depending on the test results) in the calculation could be
inaccurate.

Summary

A number of strengths and weaknesses in the research methodologies have been
mentioned, all of which can be justified by the overall different aims of the
authors. The eight reports to date can be grouped and sub-divided in any number
of different ways to attempt to reach concordance in their results, but differences
will always exclude at least one study. The following generalizations, based on the
information in Table 19.3, use fractions rather than percentages to reflect approxi-
mate trends after the previously discussed tight criteria used for each statement
have been applied.

Uf/c: n/Nat =X

In research families, Uy, is about two-fifths, in the time period allowed for the
study.

In non-research families, Uy, is lower, at about one-third, with at least an
8-months period since the mutation was found.

AUr=An/N x At

In non-research families, this will stabilize after about 1 year, but variations in
family communication may result in sections of the family attending later. In
research families, further review of non-testers’ future actions may reveal a change.

U, =n/C, where A= C/N

Once at clinic, four-fifths of individuals will undergo testing, but attendance in
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non-research families is only one-third, compared with two-thirds in families
where active recruitment has taken place.
More people with a diagnosis of cancer will undergo testing than unaffecteds.

Conclusions

Defining the denominator and numerator is the most difficult part of measuring
the uptake of testing. Without active recruitment, it is impossible to be sure that
the denominator excludes uninformed family members, but in research families,
reporting the rate amongst study participants only repeats this error. The numer-
ator may or may not include those persons who have been affected by cancer, and
who have attended clinic for counselling about their risk and the possibility of
testing.

The trends indicated above reflect the current experience, with the range of
surveillance options and insurance implications that are open to today’s patient.
These may change and improve, and influence the level of uptake of pre-sympto-
matic testing.
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Background

A family history of breast cancer is now universally recognized as a potential risk
factor, and demand for appropriate clinical services is fuelled by publicity in both
the popular media and the professional literature. Within the past few years, breast
cancer family clinics have sprung up in almost every major medical centre and all
are hard-pressed to cope with the numbers of referrals (Thompson et al., 1995;
Vasen et al., 1998; Hodgson et al., 1999). There has been little time to reflect on
what constitutes an appropriate clinical service in this setting, while the pace of
new developments on the molecular and epidemiological fronts has left clinicians
struggling to interpret their relevance for patients. A critical reappraisal of the care
currently offered to women who may be at increased genetic risk of breast cancer is
therefore timely.

Are women misinformed?

Mammography and ovarian screening

339

Surveys in several countries have found that women coming forward to breast
cancer family clinics want, above all else, access to mammographic screening
(Julian-Reynier et al., 1996; Lalloo et al., 1998). For those judged to be above a
certain level of risk, regular mammography is indeed usually provided, typically
from age 30 or 35 years and at annual or 2-yearly intervals (Hodgson et al., 1999;
Moller et al., 1999a). It remains the ‘gold standard’ for early detection of breast
tumours but is far from perfect (Law, 1997). Data on the sensitivity of screening
mammography for young women are very incomplete. The radiographic density
of breast tissue tends to be greater (Ellwood et al., 1993) and there is evidence that
breast cancers grow more rapidly in younger patients (Tabar et al., 1987), so that
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effective intervention calls for the detection of very small lesions on a dense
background. The challenge to the radiologist is daunting and while, in many
centres, additional resources have been applied to the genetics arm of multidiscip-
linary services (Beckman, 1999; Hodgson et al., 1999; Kristofferson, 1999), com-
mensurate increases in support for diagnostic radiology have been conspicuous by
their absence. Data accumulating slowly, notably from the EU Biomed 2 demon-
stration programme, do indicate that the majority of breast cancers arising in
young women enrolled in ‘high risk’ surveillance programmes can be detected
while still very small and node-negative (Mgller et al., 1999b; Macmillan, 2000).
Expert mammography plays an important part. However, the findings also high-
light the importance of clinical examination and access to all the diagnostic
modalities included within the ‘triple assessment’ protocol for breast lesions
(Moller et al., 1999¢).

Belief in the ‘magical’ properties of mammography is clearly misplaced and
campaigns for more and better breast cancer family clinics should perhaps con-
centrate on the overall breadth of service provision rather than on mammography
in isolation. Most importantly, is the local clinic able to ensure that ‘annual review’
visits actually take place annually, rather than at intervals of 15 months, that so
easily slip to 18 months and beyond (Maller et al., 1999a)?

Where a risk of ovarian cancer is identified, regular screening by transvaginal
ultrasound and/or serum CA125 measurement may be offered (Emery et al.,
2000). There are as yet, however, no data to show that this type of surveillance
results in improved prospects of survival for those in a high-risk category. Familial
ovarian cancers are almost invariably epithelial and usually of serous type (Bewtra
et al., 1992). These tend to behave aggressively and, even with annual screening,
may not be detected while still localized to the ovary. Because even normal follicles
are visible on ultrasound and because there is an appreciable rate of false-positive
CA125 results, which then need to be repeated, women may be impressed by the
sensitivity of the tests and assume that screening offers a higher degree of protec-
tion than has actually been shown (Cull et al., 2001).

Gene testing

The role of specific genes in hereditary cancers is becoming ever more widely
recognized and enquiries about the availability of ‘the gene test’ are now
commonplace. Indeed, some women attend a breast cancer genetics clinic for the
first time under the impression that a ‘gene test’ will be undertaken as a matter of
course. This should be a cause for concern as it highlights the readiness of at least
some members of the public to accept the application of medical technology
without question. It is, of course, one of the functions of a cancer genetics clinic to
provide clear information about the practical limitations of molecular diagnostics
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and about the issues to be considered before any individual family member
proceeds down this road. The restricted availability of facilities for molecular
analysis of BRCAI and BRCA2 imposes its own discipline on the practice of gene
testing. As molecular technology advances, however, mutation detection may
become rapid, efficient and widely available. There is a real danger that individuals
may then embark on predictive testing without adequate counselling.

The scale of familial cancer risk

Not surprisingly, individual self-estimates of breast cancer risk among members of
multi-case families vary widely and are probably influenced by emotional re-
sponses to personal experience rather than a dispassionate assessment of math-
ematical realities (Evans et al., 1994; Lloyd et al., 1996; Cull et al., 1999). In any
event, women attending breast cancer family clinics, in the main, neither wish nor
expect very precise risk estimates for themselves, even if that were possible. Widely
quoted lifetime penetrance figures of more than 80%, for BRCAI or BRCA2
mutations (Ford et al., 1998), contrast with values of 40-60% obtained more
recently from population-based studies (Struewing et al., 1997; Thorlacius et al.,
1998). There are undoubtedly many more women than we had thought, living
long and fruitful lives, without cancer but with germline mutations in BRCAI or
BRCA2. It seems likely that penetrance may be modified by other genetic and/or
environmental factors (Narod et al., 1995a; Burke et al., 1999). Until these are
defined, the projection of risk, even for someone with a proven BRCAI or BRCA2
mutation, must remain very uncertain. Where this becomes important is in
influencing decisions about management, for example when there is a choice
between continued surveillance and prophylactic surgery.

Management options
Even before BRCAI or BRCA2 were identified, a few women with strong family
histories of breast and/or ovarian cancer requested prophylactic surgery and, after
thorough assessment, a procedure has sometimes been carried out. As molecular
diagnosis becomes more widely available, surgical options are considered more
frequently. Where the surgery is limited to oophorectomy, the issue may not
provoke much controversy, although occasionally requests come from patients in
their thirties or even younger. The risk of ovarian cancer before the age of 40 years
is very low, even in carriers of BRCAI or BRCA2 germline mutations (Ford et al.,
1998) and the long-term consequences of very early oophorectomy (with pro-
longed use of HRT) are uncertain. Hence prophylactic oophorectomy is very hard
to justify before that age. The procedure also carries some morbidity — and
potentially some mortality — even in the best centres and is not to be promoted
lightly. It does, however, appear to have a place in the management of familial
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breast/ovarian cancer, probably reducing the incidence of both tumours among
BRCA1/2mutation carriers (Moller et al., 1999a; Rebbeck et al., 1999; Emery et al.,
2000).

Bilateral total or subcutaneous mastectomy, with or without reconstruction, is a
much more daunting procedure for both surgeon and patient (Baildam, 1999).
The single large retrospective study published to date (Hartmann et al., 1999)
indicates that the procedure reduces subsequent breast cancer risk by at least 90%
and therefore it is not an unreasonable choice for those at very high risk. There is,
however, no close correlation between objective estimate of risk and demand for
prophylactic mastectomy. The extent of demand and the strength of feeling
expressed by individual patients seem to be influenced by personal experience of
cancer and by national or regional ‘cultural norms’ (Bebbington and Fallowfield,
1999; Eccles et al., 1999; Pasini and Pierotti, 1999). The popular media tend to
highlight heroic surgery in stories related to familial cancer, and the perception
that this is the first line of management may discourage some women from seeking
referral to a cancer genetics clinic. In at least some instances, what is being
managed by prophylactic surgery is anxiety rather than cancer risk per se. This is
very evident, for example, in relation to requests for oophorectomy from women
aged under 35 years. Nevertheless, anxiety can be seriously disabling and there is
no escaping the message from women who have undergone prophylactic mastec-
tomy that this is usually a highly successful operation, when measured by patient
satisfaction.

Very high priority must be given to the collation of prospective data on the
efficacy of surveillance and early detection for both breast and ovarian cancer so
that management options can be presented in more concrete terms, balancing
risks and benefits according to age, family history and molecular findings (Meller
et al., 1999b).

Education

All of the foregoing issues relate to public perceptions of familial cancer risk. The
past record of the medical profession in this regard does not inspire confidence.
Many patients, on first attendance at a breast cancer genetics clinic, describe their
family’s longstanding concern about an abnormally high incidence of the disease
and the repeated patronizing reassurance from doctors that there is no genetic
component in breast cancer. We have a credibility gap to close.

At present, it is clear that highly educated professional women are over-
represented and the most socially deprived groups under-represented among the
clientele of cancer family clinics (Steel et al., 1999). If the early indications of
health benefit from clinic attendance are confirmed, this social imbalance will
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become an embarrassment and specific plans to correct it should be developed
now. A number of patient support groups, including at least one ‘familial breast
cancer help-line’, provide an invaluable service in distributing educational ma-
terial and answering frequently asked questions (Meller et al., 1999a). In many
countries, these voluntary organizations are closely integrated with health services
and this is demonstrably sound policy, particularly at the stage of rapidly evolving
clinical practice. Strict separation of ‘professional’ and lay functions in other
countries is perhaps connected with the traditional reluctance of doctors to admit
uncertainty but, in the setting of the breast cancer genetics clinic, the pretence of
omniscience cannot be sustained for long.

Where health services are organized on the basis of primary, secondary and
tertiary care (as in the UK), the ‘general practitioner’ or ‘family doctor’ is expected
to act as ‘gatekeeper’, regulating access to genetics clinics. It is a matter of some
concern that GPs vary widely in their willingness to undertake this function, the
level of training they have received, and the degree of interest they may express in
clinical genetics (Emery et al., 1999; Watson et al., 1999a,b). Education must
therefore extend beyond the general public if equity of access to clinical services is
to be assured.

Exacerbating and alleviating anxiety

A frequent criticism of the publicity surrounding hereditary cancer risk is that it
simply promotes anxiety while doing nothing practical to counter it. Setting aside
the fact that publicity is generated largely by the popular media, over which cancer
geneticists have no control, several studies of patients who have made use of
cancer family clinical services provide a measure of reassurance. They have, in the
main, confirmed that perceptions of risk before clinic attendance are often
unrealistic, that there is some improvement in accuracy after attendance and that
levels of anxiety tend to decline, at least in the short term, regardless of changes in
risk perception. Hence there is some justification for the claim that cancer family
clinics are responding to a pre-existing and hitherto unmet need and that they
fulfil a useful function, even before they have been shown to influence cancer
morbidity or mortality (Evans et al., 1994; Lloyd et al., 1996; Cull et al., 1999).

It is clear that, for many women referred to a cancer family clinic, simply having
the legitimacy of their concerns acknowledged represents a significant advance. In
this setting, those who can be told, after due investigation, that they are not at
significantly increased risk, usually accept this reassurance. While access to mam-
mography is often the most overt objective, the opportunity to discuss familial
breast cancer rationally and in depth is greatly appreciated. Many clinics have gone
to considerable lengths to develop clear and effective means of communicating
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quite difficult concepts of risk and management options, in the form of personal-
ized letters, leaflets and videos (Cull et al., 1998; Skirton, 1999). Best practice is
freely copied within the community of cancer family clinics. The genetics associate
or genetics nurse specialist has a crucial role (Hodgson et al., 1999). Families will
often form a close bond with one member of the clinic team and, in most
instances, this is the nurse specialist. She/he needs protected time to be accessible
in person and by telephone, to repeat information not fully ‘taken on board’, to
answer questions and to receive news of any further developments in the family
history. Patients’ expectations of what a breast cancer family clinic can offer are,
typically, modest. Many will state openly that their hopes are directed towards
their children’s generation rather than their own and that they gain real satisfac-
tion from the opportunity to participate in long-term clinical research pro-
grammes. This is reflected in a gratifying response rate for complex questionnaires
and in remarkable patience with painfully slow progress towards universal avail-
ability of molecular testing.

Eligibility criteria

Most breast cancer genetics clinics will accept referrals of women between the ages
of 35 and 50 years if their lifetime risk of breast cancer is at least 20%. There is
general agreement that this represents a pragmatic balance between the desire to
satisfy demand and the need to ‘ration’ limited resource. The actual computation
of risk (see Chapter 8) generally follows one of the widely accepted algorithms,
based on the number, ages of onset and relationship of affected relatives with
breast and/or ovarian cancer (Gail et al., 1989; Claus et al., 1991). Very precise
figures can be generated by computer (Chapman, 1999) but few clinicians will
wish to be guided by these alone. It is important to remember that current
understanding of genetic risks is far from complete and that a modicum of built-in
flexibility in referral policy will allow advances to be accommodated as they arise.
For example, instances of ovarian cancer in the family are invariably taken into
account but, at present, there is no formal procedure for considering pancreatic,
prostate, bowel or other cancers, although it is clear that these too can be
manifestations of germline mutations in BRCAI and/or BRCA2 (Stratton, 1996).

One difficult issue is the weight that should be placed on anxiety, as distinct
from assessed risk. If, as seems to be the case, attendance at a cancer family clinic
and careful assessment of the family history by ‘experts’ can relieve both (‘low-
risk’) patient and GP of a persistent problem, then this would appear to be a
sensible use of clinic resources. It also contributes to a mutually supportive
relationship between clinic and local GPs, to the benefit of both.

A further question is when to discontinue surveillance. With advancing age, the
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likelihood that a given unaffected family member is a carrier of a high-risk
germline mutation diminishes (Ford et al., 1998). Furthermore, the biology of
breast cancer implies that mammography and clinical examination need to be
repeated at less frequent intervals in older women (Tabar et al., 1987). However,
there is no sharp cut-off at the age of 50 years and, particularly if several relatives
have been diagnosed in their early fifties, women are understandably reluctant to
accept discharge from a cancer family clinic surveillance programme as soon as
they become eligible for 3-yearly mammographic screening under a national or
workplace-based scheme. Most clinicians will be guided by the pattern of cancers
previously recorded in each family before making a judgement on when it is ‘safe’
to reduce intensity of screening, but objective guidance, from the analysis of a
large body of clinical data, will be welcome.

The flexibility in enrolment policy referred to above means that, as adjustments
are made in the light of experience, some women who were accepted in the early
days of the clinics no longer satisfy eligibility criteria. Equally, as more information
emerges about particular families, or as further cancers occur, some, who had been
assured that special surveillance was not required, will have to be recalled and
given different advice. In both situations, experience shows that most women react
to the change in policy with understanding.

At present, different criteria tend to be applied for enrolment in a clinical
surveillance programme and for molecular screening. In part, this reflects the
need, in most centres, for blood DNA from a living affected relative before
molecular analysis can be attempted. However, there is also a separate issue of
limited laboratory resources, which means that rather stringent conditions (e.g.
four close relatives affected) tend to be set before a complete screen for BRCAI and
BRCA2 mutations will be undertaken (Narod et al., 1995b; Gayther and Ponder,
1997; Ford et al., 1998; Stoppa-Lyonnet et al., 1999; Eccles et al., 2000). This
position is expected to evolve rapidly as molecular screening techniques become
faster and more efficient. In certain centres, where there are characteristic local
‘founder’ mutations, a quick and inexpensive preliminary screen for those par-
ticular mutations is carried out on almost all referred families.

Cost-effectiveness

Whether cancer family clinical services and associated laboratory facilities are
provided through national, insurance-based or privately funded healthcare sys-
tems, the actual costs are large. There is, therefore, an obligation on all those
involved to audit their activity. It would be invidious to attempt to place a cash
value on a life saved or even on a ‘quality-adjusted life year’ gained. However, it is
perfectly legitimate to point out that a substantial proportion of women affected
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by familial breast and ovarian cancer are in ‘the prime of life’, contributing to the
work-force and the community as well as raising young families. The potential
economic and social gain, if mortality and morbidity can be reduced, is thus
enormous (Heimdal et al., 1999). Preliminary data from the EU Demonstration
Programme indicate that the majority of breast cancers arising in young women
under surveillance through a family history clinic can be detected at an early
pathological stage and that prognosis is substantially improved thereby (Moller et
al.,, 1999a). The task now is to refine the operation of these clinics and their
associated laboratories so that services are directed precisely at those who will
benefit most. The disposal of personnel, the mechanics and timing of clinical,
mammographic and new alternative modes of screening and the development of
laboratory protocols for mutation detection are all capable of streamlining so that
resources are deployed most effectively. It may be some years before the ‘ideal’
system for running a breast cancer family service can be determined but, provided
data are gathered, collated and analysed from a large number of existing clinics
pursuing the same aims, real progress in that direction can be predicted with
confidence.

As the contribution of molecular diagnostics grows, the proportion of breast
cancer families in whom a causal germline mutation has been identified will
increase. Assuming that many ‘at-risk’ members of these families will opt for
predictive testing (Lerman et al., 1996; De Vos et al., 1999; Pasini and Pierotti,
1999; Reichelt et al., 1999), the mean level of risk for those enrolled in cancer
family clinics will rise. By targeting resources more accurately, cost-effectiveness
will be improved. There will remain, however, very substantial numbers of women
at increased genetic risk of breast cancer, who do not belong to BRCAI or BRCA2
mutation families. It is authoritatively estimated that the greater part of heritable
breast cancer risk is attributable to common low-penetrance mutations in genes
(‘BRCAX’) that have yet to be identified (Friend, 1996; Peto et al., 1999). Many
women carrying these mutations will not have a family history striking enough to
make them eligible for enrolment in a breast cancer family clinic screening
programme. There is therefore a strong case for allocating resources to identifying
‘BRCAX’. If this should prove to be a single locus or even a small number of
distinct loci, then it is possible that the mutations or polymorphisms conferring a
three- or four-fold increase in lifetime risk of breast cancer may be identifiable by
molecular screening of the population, rather than relying on family history — a
reversal of the current policy in relation to BRCAI and BRCA2. That, in turn, will
require a radical revision of clinical services for those at increased genetic risk, in
anticipation of much increased demand for clinical/mammographic surveillance.
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Confidentiality of family medical history

A recurring theme in clinical genetics is the difficulty of balancing an individual’s
right to privacy against the duty to share relevant information with the wider
family. The enormous increase in the potential for genetic analysis in recent years
has raised public awareness of the risks of ‘genetic discrimination’ in education,
employment, insurance and access to health care. These are genuine concerns that
society must address but the initial reaction, which is often to propose legislation
that gives highest priority to confidentiality, may not secure the greatest good for
the greatest number. Restricting access to medical records is well-intentioned but
may achieve little in terms of protection of individual rights while negating efforts
to gather epidemiological data of profound importance for improving the future
health of all (Vandenbroucke, 1998; Wadman, 1998; Peto et al., 1999; White, 1999;
Al-Shahi and Warlow, 2000; Strobl et al., 2000).

The very essence of clinical genetics is the taking of a verbal family history. At
present, the prior consent of family members is not a statutory requirement and it
is difficult to envisage a workable formula that would make it so. We therefore
start with a family tree as described by the proband. It may well be both
incomplete and inaccurate. This is certainly a common experience when dealing
with familial breast/ovarian cancer. Good medical practice dictates that the
information given should be checked and amplified so that risk assessment, advice
and management are as soundly based as possible (Floderus et al., 1990; Theis et
al., 1994; Kerber and Slattery, 1997; De Vos et al., 1999; Steel and Smyth, 1999).
The great majority of families are cooperative and relatives readily give consent for
confirmation of relevant diagnoses via hospital records or cancer registries. How-
ever, it does not require a great feat of imagination to recognize the potential for
unnecessary distress when a reported mastectomy for breast cancer proves to have
been a biopsy for benign disease. Some family members may be difficult, or
impossible, to trace, though the place and date of previous surgery may be known.
For a variety of reasons, a few relatives refuse permission to examine their hospital
notes. Thus, not infrequently, we must rely, at least in part, on data that are
unconfirmed. This problem may grow as legislators become more outspoken in
their campaigns ‘to safeguard individual privacy’. Existing and proposed laws
often include a vague clause that permits release of information without formal
consent ‘for sound medical reasons’ but it seems that what is envisaged is
protection of the public against infectious diseases or other identifiable medical
dangers. There is no indication, as yet, that provision of genetic information to
other family members would constitute a ‘sound medical reason’ for obtaining
limited access to the medical records of a third party (Reilly, 1996; Steel and
Smyth, 1999). Yet, provided the information obtained is used for specific genetic
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purposes and is handled within the established conventions of medical confiden-
tiality, it is difficult to see what benefit accrues to anyone from privacy legislation
that ‘protects’ records in this way. The long-established practice of collecting and
storing heelprick blood samples from all newborn infants in the UK (initially for
phenylketonuria screening) would probably not be permitted if proposed today. It
is interesting to note that organizations representing families affected by genetic
disorders (i.e. those with the most profound stake in both the benefits and the
disadvantages of medical secrecy) are among the strongest advocates of openness
in recording genetic information (Hunt, 1992).

Very occasionally, a family history of breast (or other) cancers may be concoc-
ted or grossly embellished by a patient seeking attention or as a variant of
Munchausen syndrome (Evans et al., 1998). The underlying psychological dis-
turbance may not be obvious, though a refusal to permit approaches to relatives to
confirm the reported diagnosis may arouse suspicion.

Given the stringent criteria for access to molecular analysis of BRCAI and
BRCA2, there could be a temptation for patients to err on the side of over-
reporting cases of cancer among their relatives, in order to obtain a ‘gene test’. It
will be interesting to find out what level of family history confirmation may be
required by public or insurance-based health services who provide (and pay for)
molecular testing. Similarly, it may be instructive to observe what effect, if any,
this consideration may have on the framing and interpretation of medical privacy
legislation.

Confidentiality of molecular genetic data

Once a germline mutation (for example in BRCA1 or BRCA2) has been identified
in one family member, then we enter more complex ethical and legal territory
(Human Genetics Advisory Commission (UK), 1997; American Society of Hu-
man Genetics, 1998; Miiller et al., 2000). A life assurance company is entitled to
ask any questions it wishes about illnesses or causes of death among relatives (in
much the same way as a clinical geneticist) and could repudiate cover if these were
shown subsequently to have been answered untruthfully. The company’s rights of
access to predictive molecular genetics test results are, however, much less clearcut
and vary widely from country to country (as discussed in Chapter 12). Similarly,
while there may be a moral obligation to share the test result with other family
members, reluctance to do so can be justified on the grounds that, compared with
family medical history, molecular information is much more likely to lead to
discrimination. It is therefore crucial to obtain genuinely informed consent for
disclosure of the result to relevant members of the family before setting in train the
process of analysing DNA from one key individual. It has been argued that, once
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the result is known, that information becomes the property of the whole family
(Royal College of Physicians of London, 1991; Pembrey and Anionwu, 1996) but
this concept has yet to be validated in law. As cascade testing proceeds through the
family, it is quite possible that certain individuals will either decline to be tested or
will refuse to allow anyone else access to their result (De Vos et al., 1999). Others in
the cascade (their daughters, for example) are, of course, entitled to seek testing on
their own account and the outcome may allow the ‘private’ result to be inferred,
but this is an issue that arises in many areas of genetics and the ethical position —
that A cannot obstruct access of B to a genetics test simply because it may reveal
the status of A — is reasonably clear (Royal College of Physicians of London, 1991;
Pembrey and Anionwu, 1996).

It is generally accepted that BRCAI/2 testing should not be undertaken on
minors since there is no proven advantage in knowing the result long before there
is a measurable risk. The question of pre-natal testing arises only occasionally and,
as a rule, prospective parents accept that it would be inappropriate.

Communicating and recording molecular test results can present more difficul-
ties than are immediately apparent. Within a given family, the individual chosen
to be the DNA donor for the initial mutation screen will usually have been affected
herself and thus will anticipate a positive result. Sometimes, however, he or she is
an unaffected obligate carrier and, while the implications may be clear to the
geneticist, it is vital that the situation is spelled out with great care and that consent
for the test and all its ramifications is truly informed. If the mutation is found in a
‘research’ sample that has been handled many times, perhaps over several years, it
is mandatory that the test be repeated in a fresh specimen, ideally from the same
individual, or, if that is impossible, from another affected member of the same
family. Once the mutation is known, virtually all centres insist on formal counsell-
ing before any at-risk family member is offered a predictive test. When agreement
to test has been reached, it is important that there should be minimal delay (no
more than 2 weeks) before the result is obtained. Most clinics will make every
effort to give the result in person rather than by post or telephone, and follow-up
counselling should be available to both mutation-carriers and non-carriers.

Because of the special position of molecular test results, in relation to life
assurance and employment, there is some uncertainty as to how and where they
should be recorded. Hospital notes are, by their nature, not particularly secure.
They are handled by clinical staff, by secretaries and by personnel in records
departments. Without impugning the integrity of any of these, it must be admitted
that, as the files are passed from department to department and even between
hospitals, opportunities for unauthorized access to their contents must arise. One
possible solution would be to hold the relevant data under lock and key, for
example in the genetics department, recording in the notes only the fact that a
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result has been obtained and the place where it is stored. This, however, would
inevitably complicate clinical management of the family and there would be many
occasions — for example when sending samples to the laboratory for testing, or
when discussing prior probabilities of genetic status with at-risk individuals —
when the demands of accuracy would require extraction of the data from storage.
Each such occasion would renew the risk of breaching security. Thus, complete
protection of privacy is incompatible with good medical practice. A more fruitful
approach might entail passing laws that impose severe penalties for attempting to
gain unauthorized access to medical records or for making improper use of
medical information obtained without consent. That could not only provide
effective safeguards against discrimination but might also reverse the climate of
fear placing obstacles in the way of data gathering for legitimate medical research.

Duty of care

The unit of currency in clinical genetics is, typically, the family rather than the
individual and in the vast majority of instances there is mutually beneficial
collaboration between the family members and the clinicians involved in their
care. However, in the course of verification of a family history, pedigrees may be
constructed that include relatives not personally known to those attending the
clinic. Questions then arise about the extent of the clinicians’ responsibilities
(Miiller et al., 2000). An easy answer might be that clinicians have a duty of care
only to those family members who have approached them for professional advice.
This might reasonably be extended to other family members in direct contact with
the original proband(s) but not to more distant relatives whose existence might be
known but for whom further details, such as addresses, are not readily available.
What, then, is the position of very close relatives whose whereabouts are known
but who are estranged from the proband(s)? Again, it may be argued that the
clinician should not become involved in old family quarrels — ‘let sleeping dogs
lie’. Yet, suppose the genetic diagnosis in question is retinoblastoma. Where the
germline mutation is known, at-risk infants can be tested at birth and, if carriers,
can be examined at very frequent intervals so that incipient tumours can be
eliminated by laser photocoagulation, so preserving both life and sight (Murphree,
1996). When such a mutation is discovered in any branch of a family, is it really
consistent with medical ethics for a geneticist to restrict dissemination of that
information to the immediate family — and then only to those who are speaking to
each other? Do we therefore modify our concepts of what is ethical according to
the scope for useful intervention? Perhaps we must but, if so, we should be aware
that there are few fixed points in clinical genetics. Familial breast cancer is a typical
case. It is not unreasonable to hope that the coming generation will reap great
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benefits, in terms of effective preventive measures, from current research. Failure
to pass on now to distant branches of a family the fact that a BRCAI or BRCA2
germline mutation has been discovered could have regrettable consequences in 20
or 30 years’ time. Social trends suggest that family coherence is declining and
world-wide mobility is certainly increasing so that opportunities for communica-
tion of relevant genetic information are unlikely to improve. Clearly, there are
limits to what can be achieved and even to what can reasonably be expected of
geneticists in reaching out to the extended family. At present, queries are received
intermittently in most clinical genetics centres about families believed to originate
from that region. In a few cases it is possible to make the desired connection but
the process is very much ‘hit or miss’. It might, however, be possible to establish in
every country or state a central registry, which could be informed that genetic
information was available about a family believed to be resident there. Identifying
details of the original family and contact information about the clinical centre
holding the relevant genetic data could be lodged, but not the actual data. Then, if
a family in New Zealand, for example, believed that they might carry a predisposi-
tion to breast cancer and they knew that their forebears came from Scotland, they
could consult the registry to see whether there was an entry relating to their distant
cousins and, if so, make contact with the clinic concerned.

Gene patenting

Obviously, as the human genome project and concurrent advances in molecular
technology broaden the impact of clinical genetics on the general population, the
speciality is having to concern itself increasingly with matters of law, ethics and
social organization. One of the most pressing current issues is the prospect of gene
patenting and its implications for clinical practice. Despite existing law and
directives on both sides of the Atlantic, the principle that gene sequences should be
patentable is still being challenged (Directive 98/44/EC of the European Parlia-
ment and the Council (1998); Knoppers, 1999; Balter, 2000; Michel, 2000; Senior,
2000). Many geneticists worry that clinically important research and development
will be stultified by companies who hold patents on particular sequences and who
wish to recoup their investment in this field by controlling access to diagnostic
tests and to new therapies based on knowledge of these sequences.

In relation to BRCA1, for which a patent application has been filed by Myriad
Genetics Inc., the company has been prepared to enter into relatively liberal
agreements with publicly funded health providers so that current clinical practice
is unaffected. In the longer term, however, the fact that genes may be ‘owned’, even
for a limited period, by any agency — commercial, governmental or charitable—is a
cause of deep unease. It seems to contravene the principle that only a new
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invention should be patentable (Knoppers, 1999). A gene sequence is not an
invention and its complete specification is usually the end result of a long process
that has involved contributions from a number of (knowingly or unwittingly)
collaborating groups. There is ample scope for the invention of diagnostic or other
applications of the sequence and these processes may indeed be the subjects of
patent applications. That would leave the field open for the development of newer,
faster and less expensive alternative techniques. Something of that kind is going on
at present in the field of BRCAI and BRCA?2 diagnostics. There could be major
benefits for breast cancer families but, as matters stand, large-scale introduction of
new BRCAI tests could be impeded by the patent-holder.

Commercial genetic testing

In a number of countries, commercial operators provide the bulk of medical
laboratory services. They compete with each other, and sometimes with non-
commercial laboratories, on the basis of quality and cost. Several such companies
are now entering the genetics field (Farrell, 1997). In one sense, this is simply a
logical extension of established practice, but there are some new concerns. Because
predictive testing may have profound implications for the individual undergoing
the test and for his/her family — implications that may not be fully apparent before
the result is obtained — public access to genetic testing services should perhaps be
regulated. In the case of commercial screening for BRCAI and BRCA2 mutations,
there is a requirement that samples should be submitted via a registered medical
practitioner and that professional pre-test counselling should be provided (Bar-
ber, 1998). It is, however, unclear as yet what qualifications (if any) in clinical
genetics the referring practitioner must have. Furthermore, among the sources of
demand for commercial testing will be families judged not to be at sufficient risk
to be eligible for mutation testing within a publicly funded or insurance-based
service. In many cases, paying for a private test will be a reasonable option, but if
the clinical geneticist feels that this is neither sensible nor in the interests of the
individual seeking the test, does he/she have the right to refuse to forward a sample
to the commercial laboratory or to provide pre- and post-test counselling?

Paternity testing

The current perspective in clinical practice when non-paternity is suspected
following mutation testing is not to tell the husband directly of a non-paternity
result (Lucassen and Parker, 2001). The committee on assessing genetic risks of
the Institute of Medicine (1994) in the USA recommended that the woman herself
should be informed as ‘genetic testing should not be used in ways that disrupt
families’. Most problems in practice are solved by raising the possibility at the
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outset as this minimizes the ethical dilemmas encountered when the tests suggest
non-paternity. In Australia, this is often done with an information leaflet (Medical
Research Council, 1992). Whatever way paternity is (or is not) broached following
results, a sensitive approach to the discussion of the facts is needed.

Insurance issues

R.A. Fisher predicted the use of genetic information in assessing insurance risks as
long ago as 1935 (Harper, 1992). Several genetic tests are now available routinely.
For testing in familial breast and ovarian cancer, the main tests asked for are
BRCA1I and BRCA2, and less frequently PTEN, familial adenomatous polyposis
and TP53. Occasionally FAP and HNPCC (hereditary non-polyposis colon can-
cer) tests may also involve some cases of ovarian and occasionally breast cancer
(see Chapter 5). Huntington disease (HD), an autosomal dominant neur-
odegenerative disorder, has been a role model for this type of testing. Several
ethical and legal problems have already been recognized (Huggins et al., 1990;
Harper, 1993). In 1995, the American Society of Human Genetics published a
statement to help understanding of insurance issues (The Ad Hoc Committee on
Genetic Testing/Insurance Issues, 1995). Clearly, there is a difference between
more highly penetrant autosomal dominant diseases such as HD, and such
diseases as breast cancers. Life tables and penetrance have been worked out for HD
and it is possible to predict the age of death within a narrow range. Cancers due to
single genes, such as breast cancer, which constitute only 5-10% of a predomi-
nantly non-familial common cancer, present more difficulty, as few accurate
lifetime risk tables are available or are difficult to compile with limited accurate
penetrance data (MacDonald et al., 2000a,b). If genetic tests for BRCAI and
BRCA?2 are used in insurance, they should only be used in conjunction with other
information.

Several European countries have no legislation or guidelines on insurance and
genetic testing. Countries that have some guidelines have a moratorium on the use
of genetic tests. For example, in France the moratorium is up to 5 years, whilst in
the Netherlands it has been extended indefinitely. Once a moratorium has been
introduced, it is difficult to find sufficient scientific evidence to justify lifting a ban
on the use of genetic testing in underwriting practice (Morrison, 1998a).

Definition of a genetic test

A genetic test has been defined as ‘an examination of the chromosome, DNA or
RNA to find out if there is an otherwise undetectable disease related genotype,
which may indicate an increased chance of that individual developing a specific
disease in the future’ (Association of British Insurers, 1997).
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The UK Advisory Committee on Genetic Testing (ACGT) (1997) definition
defines it as ‘a test to detect the presence or absence of, or change in, a particular
gene or chromosome’.

Family history data have been used for years and are generally accepted by
insurance companies, although there may be considerable inaccuracy in family
history data. Using such history without good validated reasons is bad practice
and should be challenged; further evidence needs to be collected to demonstrate
whether such use is really fair or effective.

What percentage of policies are affected?

In the UK, 95-97% of life insurance policies are accepted at no increased pre-
mium. Only about 1% are declined, and 2-4% are rated up (LeGrys, 1997;
MacDonald, 1997). There is no analysis of these figures for specific diseases. The
main reason for refusal or ‘loaded’ premiums is the above-average sum assured,
and not the type of ‘high-risk’ individual assessed. Risks for insurers will be small if
the policy value is low (Human Genetics Advisory Commission, 1997), for
example under £100 000.

The recent UK experience of insurance and genetic testing

In the UK the main concern is about the consequences of cancer genetic testing on
the eligibility for life assurance (Morrison, 1998a,b). The recent history and
development of the insurance and genetic testing situation in the UK is interesting
and relevant, because it is the only country in Europe to have had a recent major
change in insurance recommendations. Insurance companies have driven the
changes. This contrasts with the Netherlands and other EU countries, which have
legislation generated by the government. Before 1995, the insurance industry paid
little attention to progression of genetic testing. A House of Commons Science
and Technology Select Committee reported on human genetics in 1995 (Science
and Technology Committee, 1995) and included insurance issues. The committee
found a lack of published research on underwriting and adverse selection, with the
insurance industry relying on the principle of the ‘right to underwrite’.

Shortly after the publication of the report, the UK government gave the
Association of British Insurers (ABI) 1 year to formulate proposals that would
meet demands for access to insurance. At the same time, they announced the
formation of a Human Genetics Advisory Commission (HGAC). The HGAC was
established in December, 1996, as a non-statutory advisory body to report to the
government on various developments in genetics. It concentrated on insurance as
its first task. The insurance industry, in 1997, announced the appointment of a
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Table 20.1. Recommendations on genetic testing and insurance of the Human Genetics
Advisory Commission of the UK (1998)

1. A permanent ban on the use of genetic testing is not appropriate. Recommendation is for
the introduction of a moratorium on genetic testing for at least 2 years.

2. There is not sufficient predictive ability of genetic tests at the moment to allow accurate
risk assessment.

3. The life insurance industry could currently withstand limited adverse selection if
non-disclosure of test results was current policy.

4. There is a perception of unacceptable discrimination — this may deter testing that may lead
to beneficial treatment.

5. Arrangements for confidentiality of data are adequate under current practice.

6. No company should require taking of a test as a prerequisite of obtaining cover.

7. Increased research and collaboration between industry and science is required to improve
knowledge of actuarial implications of genetic factors.

8. There should be a robust appeals procedure as part of any new system.

9. Recommendations are primarily relating to life insurance but the above principles should

apply to other types of health insurance.

genetics adviser and drafted a code of practice. The first HGAC report was
published in December, 1997 (Human Genetics Advisory Commission, 1997).
The report recommended a 2-year moratorium on genetic testing. Its conclusions
are shown in Table 20.1. The ABI, a body representing around 95% of insurers in
the UK, also reported their recommendations at the same time as the HGAC
(Association of British Insurers, 1997). The ABI code of practice for genetic testing
came into effect in January, 1998. The code had several important features (Table
20.2) and applied to all insurance, including life, permanent health, critical illness,
and long-term care and medical expenses. Most ‘relevant’ UK insurance is pre-
dominantly life insurance linked to personal pensions, and property insurance
(mortgage cover). As the UK NHS provides free health care, health insurance is
less frequently purchased than in the USA, although there has been a recent
increase in sales of personal health insurance cover policies. The situation differs
from the USA insurance market, which is dominated by private health insurance.

The Government responded to the HGAC in late 1998, and although it did not
accept the proposed moratorium, it established a Genetics and Insurance Advisory
Committee (GIAC) in April, 1999, in an attempt to validate genetic tests proposed
by the ABI. The ABI had listed matrices of autosomal-dominant, autosomal-
recessive and X-linked recessive diseases for potential validation. Initially a list of
about 30 tests was drafted, and then shortened to eight autosomal-dominant
diseases. Adult polycystic kidney disease was then dropped as a test as ultrasound
scanning was found to be reliable and easier to institute than a genetic test. The list
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Table 20.2. Association of British Insurers’ principles for genetic testing (1998)

1. Insurance companies will not insist on genetic tests.

2. Genetic test results will only affect insurance if they show a clearly increased risk of illness
or death. A low increase in risk will not necessarily affect the premium.

3. Insurance companies will always seek expert medical advice when assessing the impact of
genetic test results on insurance.

4. Insurers may take account of a test result only when reliability and relevance have been
established.

5. Applicants for insurance will not be asked to take a genetic test, but existing test results
should be given to the insurance company when it asks a relevant question, unless it has
stated that this information is not required.

6. Existing genetic test results need not be disclosed in applications for life insurance up to
£100 0007 that are directly linked to a new mortgage for the purchase of a house to be
occupied by the applicant(s).

7. An applicant will not be required to disclose the result of a genetic test undertaken by
another person (such as a blood relative), and one person’s test information will not
affect another person’s application.

8. The reason for an increased premium or rejection of an insurance application will be
provided to the applicant’s doctor on request.

9. Insurers will not ‘cherry pick’ by offering a ‘preferred life’ lower than normal premiums
on the basis of their genetic test results.

10. An independent adjudication tribunal is being set up to consider complaints that are
unresolved.

11. Each year, chief executives will need to demonstrate how they have complied with the
code.

aExtended to £300 000 for all classes of insurance in May 2001.

of seven conditions (Table 20.3) includes Huntington disease, multiple endocrine
neoplasia, breast cancer (BRCA1/2 genes), FAP, Alzheimer’s disease, hereditary
motor and sensory neuropathy, and myotonic dystrophy. The list was never
openly published.
The role of the GIAC was in validating the tests proposed by the ABI. It deemed
a test suitable for use in assessing insurance proposals if it met three conditions:
1 Technical relevance — is the test technically reliable and does it accurately detect
the specific changes sought for the named condition?
2 Clinical relevance — does a positive result in the test have any implications for
the health of the individual?
3 Actuarial relevance — do the health implications make any difference to the
likelihood of a claim under the proposed insurance product?
The first condition for validation — Huntington disease — was approved in
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Table 20.3. List of seven conditions and genetic tests recommended by the ABI as relevant
for insurance purposes

Condition Genes tested for
*Huntington disease HD

*Early-onset familial Alzheimer’s disease APP, PSI and PS2
*Hereditary breast and ovarian cancer BRCAI and BRCA2
Myotonic dystrophy MDPK

Familial adenomatous polyposis APC

Multiple endocrine neoplasia RET

Hereditary motor and sensory neuropathy PMP22

*Reduced to only these three by end December 2000.

October, 2000, as reliable and relevant. The insurance companies accepted this
ruling and disclosed that they would not use tests that were not received for
approval by the GIAC by the end of 2000. Two more conditions were submitted
and are currently being processed: early-onset familial Alzheimer’s disease and
hereditary breast/ovarian cancer. Regrettably, the insurance companies took the
view that although they had withdrawn other tests, including those for the cancers
FAP and MEN-2, as they felt genetic testing by middle age was not going to add
much to family history and clinical examination, they refused to allow the results
of negative tests (i.e. not carrying a family mutation), which would have been
advantageous in securing normal rates in those penalized by family history of
these diseases. Although there was a large amount of public opposition to the first
approval of HD by the GIAC, the role of GIAC has been useful in that it forced the
ABI to consider the topic seriously, rather that its previous view that no problem
existed. It also put the onus on insurers to produce facts and made a case for
submitting evidence to the GIAC regarding reliability; for just these reasons, five of
the eight tests have now been dropped. The GIAC has all types of insurance as its
remit and not just life insurance, which is most problematic in the UK and has
forced the consideration of health and critical illness and long-term care issue onto
the agenda (issues that are particularly relevant in the USA).

Other issues, including ethical and social issues in relation to insurance, are not
covered by the GIAC and are the remit of the Human Genetics Commission
(HGC). The HGC was established in May, 1999, following a major government
reorganization of committees, and it absorbed several predecessor committees,
including the Human Genetics Advisory Commission (HGAC), which stopped
functioning in December, 1999. In December, 2000, the HGC published a consul-
tation on public opinion on several issues and showed that there was strong
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opposition to the use of genetic test results by insurance companies (Human
Genetics Commission, 2000). This was confirmed in a MORI opinion survey
published by the HGC in March, 2001 (Human Genetics Commission, 2001), and
the HGC concluded that the level of public concern over the issue required a
response. This information coincided with the new House of Commons Science
and Technology Committee (2001) report, also in March, 2001. The committee
took both oral and written evidence from several bodies, including the insurance
companies within and outside the ABI. The report was severely critical of the
insurance companies, and the conclusions (including recommending a 2-year
moratorium) are listed in Table 20.4.

The HGC published a statement in May, 2001, recommending interim recom-
mendations on the use of genetic information in insurance (Table 20.5). These
included an immediate moratorium on the use of genetic tests by the insurance
companies for a period of not less than 3 years. This would allow time for a full
review of evidence and regulatory options. The use of family history information
was allowed but the HGC specified that they would discuss this and address how
insurers use family history information. They also placed a ceiling on the recom-
mended moratorium of £500 000, to protect the insurance industry from signifi-
cant financial loss. They recommended that legislation might be needed to enforce
the moratorium because of the failings of the current system.

The ABI responded by issuing, on the same day, an extension to their existing
moratorium to include all classes of insurance up to £300000 (previously only
mortgage-related policies up to £100 000).

The UK government response to both the House of Commons Select Commit-
tee report and the HGC interim recommendations was published on 23 October,
2001 (Government response to the report from the House of Commons’ Science
and Technology Committee, 2001). The key features are summarized in Table
20.6. The government and the ABI have announced a 5-year moratorium on the
use of genetic test results by insurers. The moratorium will apply to life insurance
policies up to £500 000 and critical illness, long-term care insurance and income
protection up to £300000 for each type of policy. In policy applications above
these limits, the insurance industry may use genetic test results where these tests
have been approved by the GIAC. Legislation has not been introduced; however,
independent monitoring of the ABI code of conduct will take place possibly
through an enhanced role for GIAC in monitoring both insurance compliance and
customer complaints. It is also to review the composition of the GIAC committee
with extension of its membership. The moratorium has not been extended to use
of family history data, and the whole moratorium will be reviewed after 3 years. An
important note from the patients’ perspective is that the use of negative test results
is encouraged by the insurer, subject to confirmation in most cases by a geneticist
of the relevance of the result.
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Table 20.4. Some of the House of Commons’ Science and Technology Committee
recommendations (May 2001)

10.
11.

12.

13.

14.

15.

16.

17.

18.

. Insurance companies should detail exactly which genetic tests they will consider (both

positive and negative) for what conditions and under which circumstances as soon as

possible.

. Commerical insurance companies should have access to the same information as

applicants, where it is relevant and reliable — but only if there are no adverse

consequences for society as a whole.

. Itis not certain at present that the information obtained from positive genetic tests is

relevant to the insurance industry.

. Insurers have given test results a predictive significance that cannot at present be

justified.

. Insurers appear to be more interested in establishing their future right to use genetic test

results in assessing premiums than in whether or not they are reliable or relevant.

. Insurers must publish more data that unequivocally support the changes made to

insurance premiums based on positive genetic test results.

. Insurers should publish clear explanations as to exactly how such factors as early diagnosis

and treatment are factored into their actuarial calculations.

. The small number of cases involving genetic test results could allow insurers to ignore all

genetic test results with relative impunity, allowing time to establish firmly their scientific

and actuarial relevance.

. The view that ignoring genetic test results is costly is contradicted by the actions of at least

three insurers who chose to ignore tests for the short term.

We recommend that insurers take into account negative test results.

Insurers should explain how they use family history in assessing premiums and publish
the supporting data.

Adequate independent research to discern the impact of the use of genetic test results by
insurance companies should be carried out.

The distinction between research and diagnostic tests should be clearly understood by
those seeking to use the results.

The statement that ‘results from research will not be used’ should be incorporated into
the ABI code of practice.

The Government and the industry must collaborate to provide an alternative form of
insurance for those who would be denied it because of their genetic make-up.

The ABI must act to convince the government and public that the code of practice is
being complied with, and insurers must prove that they are capable of regulating
themselves effectively and thoroughly.

We do not believe that legislation that denies insurers access to all genetic test results
would be appropriate.

The best way forward would be a voluntary moratorium for at least 2 years to allow more
research and the relevance of genetic testing to be established.
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Table 20.5. HGC moratorium recommendations (May 2001)

1.

No insurance company should require disclosure of adverse results of any genetic tests, or

use such results, in determining the availability or terms of all classes of insurance.

. Recommendation is for the introduction of a moratorium on genetic testing for not less

than 3 years. This will allow time for a full review of regulatory options and afford the
opportunity to collect data, which are not currently available. The moratorium should

continue if the issues have not been resolved satisfactorily within this period.

. The moratorium will not affect the current ability of insurance companies to take into

account favourable results of any genetic test result, which the applicant has chosen to
disclose.

. HGC will address the issue as to how family history information is used by insurers.

. An exception is made for policies greater than £500 000 as protection from significant

financial loss.

. Only genetic tests approved by the Genetics and Insurance Advisory Committee (GIAC)

should be taken into account for these high-value policies. There remains a need for an
expert body of this kind.

. In view of the failings of self-regulation, independent enforcement of the moratorium will

be needed. The HGC believes that legislation will be necessary to achieve this.

Table 20.6. Government- and ABI-agreed moratorium (October 2001)

1. There will be a 5-year moratorium on the use of genetic test results by insurers.

. The moratorium will apply to life insurance policies up to £500 000 and critical illness,

long-term care insurance and income protection up to £300 000 for each type of policy.

. In policy applications above these limits, the insurance industry may use genetic test results

where these tests have been approved by the GIAC.

. Legislation has not been introduced. However, independent monitoring of the ABI code of

conduct will take place through an enhanced role for the GIAC in monitoring both

insurance compliance and customer complaints.

5. The moratorium has not been extended to the use of family history data.

6. The whole moratorium will be reviewed after 3 years.

7. The use of negative test results in obtaining normal premiums is encouraged by the

insurer, subject to confirmation in most cases by a geneticist of the relevance of the result.

The situation in other European countries

There is a plethora of measures in other European countries. Some have legisla-

tion, some a moratorium on the use of genetic testing.

In Austria, the 1994 gene technology law states that employers and insurers are

forbidden to obtain, request, accept or use results of genetic analyses.
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In Belgium, a 1992 non-marine insurance law allows medical examinations,
etc., to be based only on past medical history establishing the applicant’s medical
state, and not on genetic analysis techniques capable of determining future state of
health.

In Denmark, the amendment to the Insurance Contracts Act, 1997, allows
insurers only to ask for HIV tests and family history when the sum insured is high
and over a certain level.

In France, the 1994 French Federation of Insurance Companies issued a state-
ment saying that, for 5 years, the Federation would not use genetic information
when determining applicants’ insurability, even if favourable information is
brought by applicants.

The German insurance system does not use genetic information to reach
decisions about awarding coverage.

In the Netherlands, it is considered that strict regulation will be needed. In 1995,
a 5-year moratorium was extended indefinitely and insurers have agreed not to use
genetic tests or existing genetic information for policies below 300 000 guilders.
Individual responsibility is seen as being extremely important. Limitations on the
collection and use of genetic information are derived from the medical treatment
and medical checks acts.

In Norway, a 1994 biotechnology law allows strict use of genetic tests. It states
that it is ‘forbidden to request, receive, retain or make use of genetic information
from a genetic test result, and it is forbidden to ascertain if a genetic test has been
performed’. This may not apply to diagnostic tests.

In 1997, Poland introduced a law that established a general inspectorate for
personal data protection.

In Sweden, genetic discrimination can be subject to penalty by fine or prison
sentence up to a maximum of 6 months. An agreement was reached with the
insurance companies in 1999 not to require insurance applications to undergo
genetic tests up until 2002.

Following the national referendum in Switzerland in June, 1998, to limit genetic
experimentation, in which the vote went against the proposal, there are no plans
to introduce genetic legislation for the time being. Insurers are not allowed to
demand pre-symptomatic or pre-natal investigations as a condition of insurance.

There is no legislation in Finland, Greece, Hungary, Iceland, Italy, Portugal or
Spain. In Ireland, the situation is similar to the UK, and although there is no
specific legislation, most Irish insurance companies have organizational links to
the ABI and follow the ABI code where possible.
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Regulation of genetic testing and insurance in other countries

In the USA and other countries without national health services, the main concern
is about health insurance, where a positive predictive test would have great
relevance, although predictive genetic tests are rarely able to determine the time at
which someone will become ill. In the USA, most health insurance is purchased on
a group basis by employers, and the unemployed or low-income groups are often
not insured. There is no obligation on an employer to insure a high-risk employee
who would raise their costs. Thus, 31-36 million people in the USA have no health
insurance (Brett and Fischer, 1993). The most significant legislation is the Health
Insurance Portability and Accountability Act, 1996. This federal law provides
some protection from genetic discrimination but only to employer-based and
commercially issued group health insurance. President Clinton, in February 2000
(Josefson, 2000), signed an executive order forbidding the USA federal govern-
ment from using genetic information in general employment decisions. Event-
ually, national legislation in the USA is likely in order to prevent discrimination.
Indeed this has been proposed for some time (Hall et al., 2000). In the interim, 28
states have already introduced fairly restrictive legislation, including the recent
Massachusetts law, which prohibits genetic discrimination by employers and
health insurance agents (Anonymous, 2000). Interestingly, there does not appear
to be any advantage taken of the gap in those states without laws. The situation in
the USA is covered partly by the Discrimination Act, 1996. Current bills passing
through the US government include one on genetic information and non-
discrimination in health insurance (Rothenberg et al., 1997; Wadman, 1998).

Australia has an Insurance Contracts Act 1984 that allows insurers to take into
account existing genetic information as well as family history. Insurers generally
are against forcing individuals to take genetic tests. The Life, Investment, and
Superannuation Association of Australia is currently revising further guidelines in
1997. The genetic privacy and non-discrimination bill, 1998, explicitly prohibits
genetic discrimination by insurers. Canada has no legislation. New Zealand issued
guidelines in April, 1997, on insurance and genetic tests.

Benefits of genetic testing

As in Huntington disease, if the genetic nature of the condition is sufficiently well
defined, individuals may be unable to obtain insurance because they are at 50%
risk, irrespective of DNA tests (Harper, 1993). This may prompt those at risk to
request testing in the hope that their 50% prior risk will be reduced to the point of
being able to obtain insurance. This has not been found to be a particularly
important reason for opting for a test (Tyler et al., 1992); nonetheless we are aware
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of at least one woman who has tested positive for BRCAI whose weighted
premiums have been reduced to normal after prophylactic mastectomy and
oophorectomy.

The finding of negative test results (i.e. non gene carriers) has been used to
lower already high premiums, as in Austria (Hauser and Jenisch, 1998). However,
as in the UK, insurance companies cannot insist that applicants should have
genetic tests. Many individuals at risk and on a higher premium will organize
genetic tests at their own expense. Confirmation by genetic testing of a disease,
such as Friedreich’s ataxia or HD, does not increase the existing premium, but a
negative test result has led to a reduced premium for some applicants.

Some insurers consider that genetic information is not essential for underwrit-
ing life insurance, and are not requesting information about genetic tests. Most
applicants who were requested to provide further information were not rated at a
higher premium or rejected. Some companies consider that they can absorb this
small extra load: only 1 in 20 policies are actually claimed on death, which is not an
excessive amount.

Evidence of discrimination

Our survey of European genetic centres involved in breast cancer testing showed
that all the UK centres surveyed had had patients who refused testing because of
fear of penalty or being unable to obtain insurance. Two (40%) of the UK centres
had experience of patients who refused genetic testing because of fear of employ-
ment discrimination (Morrison et al., 1999a,b). Interestingly, although Norway
has extremely strict laws, and there is no particular need to discuss insurance
issues prior to testing, instances of refusal of testing due to both fear and
employment were seen. This may reflect anxiety because of strict legislation, as
people may consider there must be something behind the legislation. Most of the
non-UK centres did not appear to have any major discrimination problems. This
finding supports the HGAC statement that ‘there is a perception of unacceptable
discrimination in the UK’ (Human Genetics Advisory Commission, 1998). The
majority of the non-UK centres did not feel the need to discuss insurance issues
before testing. The four centres (in the Netherlands) that have discussed this have
an existing 5-year moratorium on genetic tests.

Six cases of actual discrimination were documented. All were from UK centres.
Examples (some details slightly modified to maintain confidentiality) include a
40-year-old female with relatives with breast and ovarian cancer who could not get
insurance, but was able to do so after preventive mastectomy and oophorectomy.
A 33-year-old man with a family history of von Hippel-Lindau disease in a sibling,
probably a new mutation, would not consider an exclusion test for fear of
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discrimination by the insurance company if positive. A 28-year-old woman with a
family history of HNPCC was refused insurance on the grounds of family history.
She is having a genetic test, in the hope of obtaining insurance if the result is
negative. A 39-year-old female with a BRCAI family history, who divorced from
her husband, was denied insurance and mortgage cover for a new house unless she
had a negative BRCAI test. Three cases were also documented in which, on
application for heath insurance, excessive details of other family history and
genetic test results were requested (Morrison et al., 1999a,b; Morrison, 2001).

A recent postal survey found that up to 33% of respondents in patient support
groups may have experienced problems when applying for life insurance (Low et
al., 1998). Such findings can easily be over-interpreted due to a high non-response
rate by more satisfied customers.

In the rest of Europe, where most countries have restrictive legislation, there is
little evidence of discrimination (Morrison et al., 1999), although in Norway there
is evidence of increased premiums for HNPCC, but not for BRCAI/2 (Norum and
Tranebjaerg, 2000).

There is little evidence of discrimination in obtaining health insurance in the
USA for pre-symptomatic individuals (Hall and Rich, 2000); nonetheless, health
insurers are unwilling to pay for testing of, for instance, BRCAI, with only 15%
covering the costs (Anonymous, 2000), and this is likely to increase if the tests are
targeted in the high-risk situation, such as a family with a known mutation
(Schoonmaker et al., 2000). Unless more is done to encourage insurers, they may
not to be prepared to pay for, for example, an FAP predictive test, thus denying
those on lower incomes the opportunity for testing in the first place. Further work
in the USA has also shown that the insurance industry’s fears about adverse
selection may be groundless. Women testing positive for BRCA1 mutations did
not take out higher levels of life insurance (Zick et al., 2000).

In Australia, families with hereditary bowel cancer experienced genetic dis-
crimination. In a survey of families on the hereditary bowel cancer register,
Barlow-Stewart et al. (2001) found 8% discrimination — predominantly HNPCC
related — and included a number of areas: refusal of life insurance, denial of an
increase in life insurance for a pre-existing policy, refusal of income protection
and trauma insurance, reduction of superannuation and loading on premiums for
travel insurance. One interesting case was that of a civil servant who reported that
her application for a senior position in the public service was subject to a negative
FAP test result. She had to discontinue her application, as she would have been
forced to have a test that would have revealed her mutation status. The issue had
been picked up following her checking of a regular colonoscopy box on the health
form.

As a result of release of this evidence, the Australian government has initiated
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several enquiries to determine the direction for future law or other policy develop-
ment.

Conclusion

The rapidly evolving practice of clinical genetics is throwing up many questions to
which we do not yet have clear answers. This is nowhere more apparent than in the
genetics of common cancers, including breast cancer, which is the fastest growing
area of genetic medicine. If this chapter has dwelt on problems rather than
solutions, this is a reflection of the current ‘state of the art’ rather than of any
underlying pessimism. We live in exciting and, above all, hopeful times. Given the
pace of progress over the past decade, those involved in developing clinical and
laboratory services for cancer families, in partnership with the families themselves,
look forward with great confidence to a transformation scene within the next 20
years.
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Cancer results from a succession of genetic mutations that result in activation of
oncogenes or inactivation of tumour suppressor genes. These changes can occur
both early in the process of malignant transformation, and later, as the tumour
becomes invasive. The success in the development of the technology for the
transfer of genetic material into mammalian cells has raised the possibility of
treating cancer at a molecular level. Despite initial enthusiasm, gene therapy has
still not become a standard treatment modality for cancer. In this chapter we will
review the approaches that have been attempted and consider why gene therapy is
still an experimental approach.

Principles of gene therapy

372

Several strategies have been developed that involve the insertion of genetic ma-
terial into cancer cells or immune cells involved in tumour cell kill. The success of
these approaches depends on the ability to deliver the genetic material to the target
cells. The transfer of genetic material to a cell is termed ‘transduction’ and the
delivery systems used to transfer genes to target cells are called ‘vectors’. Transduc-
tion of adequate amounts of genetic material into tumour cells represents one of
the most challenging areas of gene therapy, and vector technology is one of the
most important areas of current research.
For a vector to be practical for everyday clinical use, it must be:
1 Easy to manufacture
2 Specific to tumour cells or host cells that may benefit from modification
3 Efficient at transducing genetic material
4 Able to cause expression of the transduced gene for a sufficient period of time to
be effective
5 Non-immunogenic, so it is not destroyed by the host’s immune system
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Table 21.1. Gene therapy vectors

Vector

Advantages

Disadvantages

Retroviruses
Single-stranded
RNA viruses

Adenoviruses
Double-stranded
DNA virus

Liposomes

Positively charged
lipid membrane
complex surrounding
DNA

Molecular conjugate
A protein/DNA

complex

Naked DNA

Direct injection or

bombardment of

target cells with
DNA

Integrate into target cell
DNA, causing prolonged
gene expression

Small host immune
response

Specific for dividing cells
Easy to manufacture
Highly efficient at gene
transduction into target
cell

Can transduce a cell at any
stage of cell cycle

Very easy to manufacture
at high titres

No immune response
Easy to manufacture
Can carry large amounts of

genetic material

Highly specific delivery of
genetic material to target
cell

Can carry large amounts of
genetic material

Simple

No immune response

Targeted

* Require rapidly dividing

cells (breast and ovarian
tumours may be indolent)
May cause mutations in

normal cells

Cause a host immune
response

Can be toxic to the host
Lack target cell specificity
(newer conditionally
replicative adenoviruses
are more specific)
Transient expression of
transduced gene
Relatively inefficient at
gene transduction

No target cell specificity
Transient expression of
transduced genes
Difficult to manufacture
Transient expression of

transduced genes

Can only be used where
tumour cells can be easily
accessed

Unable to transduce a large

number of cells

Unfortunately, the perfect vector still does not exist, leading to severe limitations

on current gene therapy strategies. As there is no vector that is clearly superior, the

choice depends on the amount of genetic material to be transferred, the length of

time the foreign gene needs to be expressed and the route of vector delivery (Table

21.1).
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Once a vector has been developed and adapted to carry a therapeutic gene, the
next stage is its delivery to the target cell or organ. In the treatment of breast or
ovarian cancer, three main strategies are used: (1) local delivery, (2) systemic
delivery, and (3) in vitro delivery.

Local delivery

For ovarian cancer, intraperitoneal injection of the vector is often the preferred
approach. This allows the vector to be in direct contact with tumour deposits at a
relatively high concentration and results in less immunogenicity than systemic
approaches. Local delivery increases the efficacy of gene transfer and reduces the
exposure of normal cells to the treatment. However, the vector will not enter
tumour cells outside the peritoneal cavity and therefore this approach is less
effective for widespread metastatic disease. The vector is also unlikely to penetrate
bulky peritoneal disease.

In breast cancer, direct injection of vector into a tumour may be possible as this
can also result in a high local concentration. However, metastatic disease, includ-
ing local lymph node involvement, may not be adequately treated by this ap-
proach.

Systemic delivery

Systemic delivery has the advantage of treating both primary and metastatic
disease. Potential difficulties may arise with a host immune response, resulting in
the vector becoming ineffective or adding to its toxicity. There is also a danger of
introducing foreign genetic material into normal cells. Newer developments of
conditionally replicative viral vectors and the use of antibodies to target vectors to
cell receptors or other surface antigens may, in the future, make systemic gene
therapy more specific to cancer cells.

In vitro delivery

In this method the aim is to beneficially alter normal host cells (typically cytotoxic
T-cells) by gene therapy ex-vivo in the laboratory. The modified cells are then
reintroduced systemically to the patient. This procedure allows great flexibility in
the manipulation of target cells and is very specific. However, cells for this have
important biological requirements to be maintained during processing, making it
very labour intensive and expensive. It also cannot be used to directly target cancer
cells.
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Gene therapy treatment strategies

Over the past 10 years there have been extensive studies into several gene therapy
strategies. Three major approaches have been proposed in the treatment of breast
and ovarian cancer.

The first approach is to try to correct the genetic mutations that have resulted in
the cancer cell phenotype, either by replacing defective tumour suppressor genes
or by deactivating oncogenes.

There are many defective tumour suppressor genes in breast and ovarian cancer
and many of these do not occur with sufficient frequency or predictability as to be
useful targets in gene therapy. However, certain gene mutations, e.g. TP53 or
BRCAI, occur regularly enough to have a therapeutic potential.

Multiple oncogenes have also been identified in the development of breast and
ovarian cancer. These are activated at varying frequencies in different tumours but
certain oncogenes, such as HER2/neu, may be expressed regularly enough to be
useful targets for gene therapy.

A problem with this approach is that neoplastic cells are genetically unstable,
resulting in a multitude of genetic targets in any tumour population. Also, once a
target has been identified it may become irrelevant as the next generation of cancer
cells develop further abnormalities. Gene therapy designed to correct genetic
abnormalities must be directed at mutations that are shared by all the cancer cells
within a population in order to be effective. Genetic mutations in the apoptotic
pathway or chemotherapy-resistance genes may be sufficiently common in tu-
mour cell populations to be the targets of choice in the future.

The second approach is to selectively target cancer cells with a cytotoxic gene.
Molecular chemotherapy involves the transduction of a gene into tumour cells,
making them either produce a toxin or become susceptible to a systemically
administered pro-toxin. This has the advantage of being only cytotoxic to the
target cells, unlike conventional chemotherapy that can also affect normal cells.

Unfortunately, limitations in vector technology have limited the effectiveness of
the strategies discussed so far as selective cancer cell transfection and sustained
gene expression is difficult. A possible method for targeting cancer cells more
accurately may be the use of conditionally replicative adenoviruses. Adenoviruses
readily infect both dividing and non-dividing cells and do not integrate into the
host genome. Modification of the viral genes can alter viral metabolism and
function, depending on the characteristics of the host cell, resulting in better cell
targeting. The modified virus can also carry foreign genetic material that will only
be expressed in the target cell.

The third commonly used approach is to use gene transfer techniques to
improve the effectiveness of immunotherapy or chemotherapy. As this strategy
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does not require the genetic modification of all cancer cells and is less reliant on
sustained gene expression, it may be more easily attained with modern vector
techniques. Immunopotentiation is an approach designed to make the host im-
mune system recognize tumour-associated antigens, leading to a selective anti-
tumour response. This mechanism is promising as the immune system has the
potential to recognize and specifically kill metastatic cancer cells, resulting in fewer
side-effects than conventional chemotherapy. Immunopotentiation can involve
passive or active immunotherapy. Passive immunotherapy is where the existing
immune response to a tumour is modified to make it more efficient. An example
would be the use of tumour-infiltrating T-lymphocytes, which are harvested from
a patient, cultured in vitro and genetically altered before being reintroduced.
T-cells are appealing as a target for gene therapy as they are highly specific in
recognizing antigenic peptides and have the capacity to destroy tumour cells. They
also differentiate into memory cells that continue to circulate and may stop the
recurrence of a tumour.

Active immunotherapy refers to the initiation of an immune response to a
previously unrecognized or poorly immunogenic tumour antigen. This involves
techniques to increase the expression of a tumour antigen or to cause local release
of cytokines that enhance the immune system’s ability to recognize antigens.

The difficulty with immunological techniques is that cancer cells possess a
variety of defects in the processing and presentation of antigens. Certain human
tumour cells have been shown to have defective histocompatibility and transport
molecules, resulting in a failure of the immune response (Sanda et al., 1995).
Cancer cells also are known to release factors that suppress the immune system
(Grimm et al., 1988).

Another potential strategy is to improve the effectiveness of conventional
chemotherapy. In this approach a chemoprotectant gene is introduced into normal
bone marrow stem cells in order to protect them from the effects of cytotoxic
chemotherapy. This may prevent haematological toxicity, allowing a greater dose
intensity of treatment. There are, however, some potential problems with this
approach. Higher doses of chemotherapy do not necessarily translate to higher
tumour response rates, non-haematological toxic effects may be dose limiting, and
there is the danger of transducing cancer cells with the resistance gene.

Studies of gene therapy for breast and ovarian cancer

Over the past 10 years there has been a large amount of research into gene therapy
for ovarian and breast cancer. It is important to appreciate that many of these
studies have only been involved in cell culture or animal models and have yet to be
studied in human subjects. Others have proven initially successful in pre-clinical
models but have failed to show a benefit in the treatment of humans. Unfortu-
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nately, as many of the clinical studies have been disappointing, the results are often
only published in abstract form.

Correction of genetic mutation in cancer cells

The p53 tumour suppressor gene encodes a protein in response to DNA damage
that leads to cell cycle arrest at the G1/M phase and may result in apoptosis or
DNA repair. Mutation of this gene is found in about half of ovarian and breast
cancers (Kohler et al., 1993; Vogelstein et al., 2000) and is associated with a
decrease in sensitivity to chemotherapy along with aggressive tumour behaviour.
Reintroduction of the wild type p53 gene is therefore a potential mechanism for
treatment of chemoresistant tumours. Using this approach, Kigawa et al. (2000)
demonstrated cisplatin sensitivity when a p53-containing adenovirus was intro-
duced into a transplanted human ovarian tumour with p53 mutation (Kigawa and
Terakawa, 2000).

Nielsen et al. (1998a) demonstrated a reduced number of tumour metastases in
amurine model of metastatic breast cancer after the intravenous administration of
recombinant-adenovirus-expressing p53. This approach, however, resulted in
significant liver damage that was thought to be due to the adenoviral vector. New
conditionally replicative adenoviral vectors with E1 and E4 gene deletions are
much less hepatotoxic and may be useful for p53 transduction in the future.

Increased sensitivities to paclitaxel, cisplatin, doxorubicin, 5-fluorouracil,
methotrexate and etoposide chemotherapy have been demonstrated in breast and
ovarian cell-lines treated with an adenovirus-carrying wild-type p53, and this has
been proposed as a mechanism to overcome resistance to these drugs (Nielsen et
al., 1998b; Gurnani et al., 1999).

The human breast and ovarian cancer susceptibility gene BRCAI is a tumour
suppressor gene that is mutated or lost in hereditary breast and ovarian cancer. In
sporadic breast and ovarian cancer, the normal gene is usually present but its
expression is decreased. Introduction of a BRCA I-containing vector into breast or
ovarian cancer cell-lines has a growth-inhibiting effect that is not found in other
tumour cell-lines. This suggests a specific action against breast and ovarian cancer
for BRCAI-expressing vectors that may be therapeutically relevant. Initial work
with a retroviral vector containing BRCAI showed prolongation of life in mice
with an intraperitoneal human breast cancer (Holt, 1997).

A phaseI trial of an intraperitoneal injection of a retrovirus containing a BRCA1
gene into patients with advanced ovarian cancer demonstrated stable disease in 8
out of 12 patients, of which 3 showed tumour reduction (Tait et al., 1997, 1998).
Unfortunately, a follow-up phase II trial did not demonstrate any response or
disease stabilization after six patients were treated, and the study was discontinued
(Tait et al., 1999).

The HER2/neu oncogene encodes a membrane-associated receptor protein and



378

R. Kennedy and P. G. Johnston

is over-expressed in 30% of breast cancer. Its over-expression is associated with an
increase in tumour metastatic potential and resistance to chemotherapy (Kolata,
1987). Reduction of HER2/neu expression may result in decreased metastatic
spread and increased chemosensitivity in breast cancer. An adenoviral vector
containing a gene that encodes an antibody to HER2/neu has been developed and
has been given, by intraperitoneal injection, to patients with ovarian cancer. The
antibody was successfully detected in cells over-expressing HER2 /neu and resulted
in down-regulation of the receptor (Deshane and Siegal, 1997).

The adenovirus 5 E1A gene is the first viral gene to be expressed in the cell after
infection. It codes for a protein that down-regulates the expression of HER2/neu
and therefore may be used in gene therapy. In a phase I trial, 12 patients with
ovarian cancer were treated intraperitoneally with a liposomal complex contain-
ing the E1A gene. Two patients developed down-regulation of HER2/neu within
their tumour cells (Ueno et al., 1998).

Conditionally replicative adenoviruses

The adenovirus E1b gene is responsible for coding for a protein that deactivates
p53 in the host cell allowing viral replication. An adenovirus (ONYX-015) has
been engineered that is deficient in this gene and therefore is unable to replicate in
normal cells. In cancer cell-lines containing mutant p53, this virus is able to divide
and cause cell lysis.

Disappointingly, intraperitoneal administration of ONYX-015 has resulted in
no responses in ovarian cancer patients, although work with other human tu-
mours suggests that there may be a synergistic action with cytotoxic chemotherapy
(Gomez-Navarro and Curiel, 2000). This virus may have a role in the future as a
vector for delivery of therapeutic genetic material specifically to cancer cells.

Molecular chemotherapy

A pre-clinical molecular chemotherapy approach has been the introduction of the
herpes virus thymidine kinase (TK) enzyme into tumour cells. Systemically
administered ganciclovir is phosphorylated by TK and becomes incorporated into
the cellular DNA and RNA, causing cell death. Normal cells are unaffected by
ganciclovir as they do not express TK. Interestingly, when this mechanism was
tested in cell-lines, tumour cells that had not been transduced with the TK initially
also responded to ganciclovir. This ‘bystander effect’ may be due to transfer of
phosphorylated ganciclovir between cells via gap junctions (Freeman et al., 1993).

Link and Mooreman (1995) have proposed the intraperitoneal use of a retro-
viral vector to transfect ovarian cancer cells with the TK enzyme. This may cause
the ovarian tumour cells to respond to ganciclovir as well as leading to a bystander
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effect. Initial work with ovarian cell-lines demonstrates effective transfection of
tumour cells with the retrovirus.

Another approach was the injection of an adenoviral vector containing TK into
rat mammary ducts followed by systemic ganciclovir treatment. The rats were
then exposed to carcinogens with no development of breast cancer. This work
suggested a potential mechanism for prevention of breast cancer by the elimin-
ation of dividing ductal cells without the need for mastectomy (Sukumar and
McKenzie, 1996).

A vector containing the TK gene with a radiation-sensitive transcriptional
control element has been engineered and used to transfect a human breast cancer
cell-line. The altered cells became sensitive to ganciclovir after being irradiated.
This approach may increase the effectiveness of local radiotherapy to breast cancer
(Marples et al., 2000).

In a phase I study, irradiated TK-transduced ovarian cancer cells were injected
into the peritoneum of patients with ovarian cancer. The aim was to produce a
bystander effect, leading to ganciclovir sensitivity in the patient’s tumour: 4 out of
18 patients had a response to ganciclovir (3 complete, 1 partial) (Ramesh et al.,
1998).

Another proposed molecular chemotherapy approach is the intraperitoneal
injection of an adenoviral vector containing the TK gene. Provisional work with
ascites taken from women with ovarian cancer suggested good TK transduction.
This was also expected to cause tumour sensitivity to ganciclovir as well as to cause
a bystander effect. A phase I study of this approach together with topotecan
chemotherapy for recurrent ovarian carcinoma demonstrated some effect (Hasen-
berg et al., 1995; Rosenfeld et al., 1995).

An alternative type of molecular chemotherapy has been developed that takes
advantage of the over-expression of HER-2/neu in tumour cells. In this approach
the vector carries a cytosine deaminase gene that is regulated by the tumour-
specific erb-B2 promoter. When the genetic material is introduced into a tumour
cell that is over-expressing HER-2/neu, it is activated, producing the enzyme
cytosine deaminase that converts the inactive pro-drug fluorocytosine to the
chemotherapy drug 5-fluorouracil. Direct injection of a plasmid containing the
HER/neu-regulated cytosine deaminase gene has been performed with human
breast tumours. This resulted in a 90% expression of the enzyme in the tumour
tissue (Pandha et al., 1999).

Immunotherapy

Irradiated murine ovarian tumour cells have been transduced with the inter-
leukin-2 (IL-2) gene in vitro. These cells, when injected into ovarian-tumour-
bearing mice, cause an immune response to the tumour. Future work will involve
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the IL-2 transduction of human tumour taken at surgery and vaccination with
these postoperatively in order to cause an immune response to remaining ovarian
cancer cells (Berchuck and Lyerly, 1995).

Marr et al. (1997) have developed an adenovirus containing the tumour
necrosis factor alpha gene and injected this directly into a murine breast tumour,
resulting in tumour regression. These animals also developed tumour specific
immunity that would be expected to prevent metastatic disease.

In another immunological strategy a gene encoding a chimeric protein, consist-
ing of an antibody to ovarian cancer plus a T-cell-receptor signalling chain, has
been engineered. T-cells, which have been transduced with a retrovirus containing
this gene, specifically cause lysis of ovarian tumour cell-lines. A phase I study
(Hwu et al., 1995) using this technology has been commenced for treatment of
advanced ovarian cancer. Patients are given intravenous infusions of T-cells
transduced with the Mov-y receptor gene, a chimeric receptor derived from the
Mov18 antibody to ovarian cancer and T-cell-receptor signalling chains.

The use of a recombinant adenovirus expressing the human IL-2 gene has been
investigated in the phase I trial setting. The virus was injected into metastatic
breast cancer tumour sites with the aim of producing very high local tumour
concentrations of IL-2 with low systemic levels. Some tumour regression was seen
in 24% of patients and the treatment was well tolerated (Stewart et al., 1999).

Chemoprotection

The multi-drug resistance (MDR) protein is a drug efflux pump that leads to
chemotherapy resistance in some tumours of epithelial origin. This protein causes
resistance to anthracycline and taxoid cytotoxic drugs that are commonly used to
treat breast or ovarian cancer. Pre-clinically, the MDR gene has been introduced
into haemopoeitic stem cells in vitro to cause resistance to chemotherapy (Hania
and Deisseroth, 1994).

In a phase I study, stem cells were collected from 10 patients with metastatic
breast cancer and exposed to a retrovirus carrying the MDR-1 gene. The patients
were then treated with high-dose cyclophosphamide and the stem cells rein-
troduced. Following re-engraftment the patients were treated with 12 cycles of
paclitaxel chemotherapy. Six patients had a complete response after high-dose
chemotherapy and a further three patients had a complete response after the
paclitaxel treatment. The paclitaxel was well tolerated with no bone marrow
failure (Rahman et al., 1998).

Gene therapy: the future

Several promising gene therapy approaches to treating breast and ovarian cancer
are under investigation. To date, however, despite the growing number of positive
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pre-clinical studies, the activity in human subjects has been disappointing, reflec-

ted by the relatively few publications of successful phase II clinical studies. This

may partly be explained by a failure in laboratory models to adequately predict
human in vivo tumour behaviour.

Potential reasons for this are:

* Cell culture lines and animal tumour models often replicate rapidly, resulting in
faster uptake of vectors such as retroviruses. Human tumours may spend a
longer period of time out of the cell division cycle.

* Cell culture lines and animal tumour models are often more antigenic than
human in-vivo tumours, which often evolve to lose their antigen expression.

* Certain vectors for gene therapy may be destroyed by an immune response in
human subjects that could not be predicted in vitro.

* Animal immune systems may not respond to cytokines or viral vectors in the
same manner as the human immune system.

The biggest challenge to effective gene therapy is the inadequacy of current vector

technology. The efficacy of genetic transfer remains low for tumours in vivo and

the expression of the transduced genes can be highly variable. A better under-
standing of viral genetics in the future may allow development of more tailored
vectors with a greater ability to infect tumour cells specifically. Information must
be taken from phase I clinical trials on how vector systems behave and the action
of the introduced genetic material. These data can be used to design more relevant
pre-clinical models that represent the behaviour of human tumours in vivo more

accurately (Olopade, 1996).

To date, the vast majority of human trials of gene therapy in ovarian and breast
cancer have been limited to patients with advanced incurable disease. It is unreal-
istic to expect a single gene therapy strategy to be able to radically treat advanced
cancers, given the difficulty in delivering the genetic material to all cancer cells as
well as the large genetic variance within the tumour population. It is more likely to
be effective as a treatment for microscopic early disease, where tumour bulk is at a
minimum and genetic abnormalities may be more predictable. Future trials may
be better aimed at surgically resected breast or ovarian cancer, where adjuvant
gene therapy may prevent disease recurrence.

The past decade has seen rapid advances in the understanding of the molecular
basis of cancer. The challenge ahead is to apply this knowledge to cancer treatment
in the form of gene therapy. With adequate resources to fund the necessary
translational research, the development of useful gene therapy in breast and
ovarian cancer seems likely in the next decade.
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It is abundantly clear from the contents of this book that our understanding of the
inherited aspects of cancer has increased enormously in the past decade. Epi-
demiological studies (Easton et al., 1995) demonstrate that familial clusters of
common cancers could be due to: (1) germline mutations in rare, highly penetrant
cancer susceptibility genes, (2) more common, less penetrant mutations, or (3)
common environmental factors. It is likely that all of these mechanisms are
important. Subsequent to the identification of BRCAI and BRCA2 (Miki et al.,
1994; Wooster et al., 1995), large collaborative studies of families with hereditary
breast and ovarian cancer suggest that currently detectable germline mutations in
these genes account for approximately 85% of families with six cases of breast
cancer but only 41% of those with four to five cases, most families with two
ovarian cancer (in addition to breast cancer) cases but 88% (69% due to BRCAI
mutations) with only one ovarian cancer case, while 77% of families with four
female cases and one male case of breast cancer are due to BRCA2 and 19% of such
families to BRCAI mutations (Easton et al., 1995; Ford et al., 1998; Thorlacius et
al., 1998). Thus a significant proportion of smaller families, particularly those with
no cases of ovarian cancer, are likely to be due to polymorphic variants in other
genes. The search for a major, highly penetrant ‘BRCA3’ gene has remained elusive
(Hopper, 2001; Nathanson and Weber, 2001; Welcsh and King, 2001); initial
evidence for the importance of a locus at 8p19-22 showing somatic allele loss has
not been substantiated by larger linkage studies. A candidate locus at 13q21,
identified by comparative genomic hybridization and linkage has been found in a
small number of Scandinavian families (Kainu et al., 2000). Recent research from
Finland has demonstrated preliminary evidence for linkage disequilibrium and
loss of heterozygosity at a locus at 22q13 in breast cancer cases with only a minor
family history of the condition (Hartikainen et al., 2001; Kujala et al., 2001). The
failure of many studies to identify clear-cut evidence for a third major locus for
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hereditary breast and ovarian cancer may be because the remaining families are
smaller, contain more phenocopies, are genetically heterogeneous, or their disease
is due to unidentified mutations in BRCAI or BRCA2. Such families may be
accounted for by less penetrant predisposing genes. Association studies are fre-
quently used in an attempt to identify important aetiological polymorphisms, but
caution is needed in interpreting small data sets (Anonymous, 1999); thus there is
some evidence for an association between the prohibitin T allele (with an inactive
product lacking anti-proliferative activity) and breast cancer in women with a
single first-degree relative with the disease (odds ratio 2.5; p=10.005), greater if
they were diagnosed before 50 years of age (odds ratio 4.8; p=0.003). The
prohibitin gene locus is on chromosome 17q21, and the gene product binds to the
retinoblastoma protein, repressing transcription mediated by E2F. In addition, the
RNA encoded by the 3’ untranslated region of this gene arrests cell proliferation by
blocking G1 to S transition in the cell cycle. Frequent loss of heterozygosity is
found at 17921 in breast cancers, and prohibitin could be a tumour suppressor
gene in this region (Jupe et al., 2001). Thus this study has a good candidate gene
but low power and needs to be reproduced in other populations and with larger
numbers.

Another recent (Ziv et al., 2001) association has been found between the
T29 — C polymorphism in the transforming growth factor /1 gene and late-onset
breast cancer. A cohort of 3075 women was ascertained at age 65 years and
genotyped for this polymorphism; 1124 had the T/T, 1439 the T/C and 458 the
C/C genotype. Prospective follow-up for breast cancer diagnosis demonstrated a
decreased hazard ratio (HR) for breast cancer (HR 0.36; 95% CI 0.17-0.75) for
women with the C/C genotype. The risks for women with T/C and T/T genotypes
did not differ significantly from each other (rates adjusted for age, age at menarche
and menopause, oestrogen use and parity). This suggested that the TGF-f1
genotype may be associated with breast cancer risk in women aged over 65 years,
and that the protective allele is the rarer allele.

A single nucleotide polymorphism in the 5" untranslated region of the RAD51
gene has also been shown (Levy-Lahad et al., 2001) to modify cancer risk in
germline BRCA2 mutation carriers, but interestingly not in BRCAI mutation
carriers, in a sample of 254 Ashkenazi women carrying one of the ancestral
mutations (HR for breast cancer of 3.46 in BRCA2 mutation carriers who were
RAD51-135C heterozygotes).

Other candidate lower penetrance genes with a proposed effect on breast cancer
susceptibility include ATM (Lu et al., 2001), H-ras VNTR polymorphisms, HER2
and PTEN (Angele and Hall, 2000). Polymorphisms in BRCAI and BRCA2 may
also have an effect (Healey et al., 2000a). Germline mutations in p53 can cause
early-onset breast cancer in a small proportion of families. Mutations in genes
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involved in metabolic pathways, such as carcinogen (CYP17, CYP1B1, CYPI19,
NAT1-10, NAT1-11) (Healey et al., 2000b; Millikan, 2000; Young et al., 2000; Xie
et al., 2000) and oestrogen metabolism (CYP1B1, 5x-reductase) (Guillemette et
al., 20005 Scorilas et al., 2001) may also be responsible for moderately increased
breast cancer risks (Watanabe, 2000; Zheng et al., 2000). Chromosome instability
and impaired DNA repair has been observed to occur more commonly in women
with breast cancer (Baria et al., 2001), and genes underlying this phenotype
(including ATM) may be important in causing cancer susceptibility (Alapetite et
al., 1999). Indeed, a recent analysis by Peto and Mack (2000) has indicated that
most women with breast cancer have an inherited susceptibility to this cancer.

The methods of detecting high-penetrance gene mutations are becoming more
efficient; about 10% of germline mutations in BRCAI and BRCA2 may be
deletions or duplications (Puget et al., 1999; Rohlfs et al., 2000; Unger et al., 2000),
and these should be excluded in any systematic mutation search. A beautiful novel
technique using colour bar codes on combed DNA to detect large rearrangements
has recently been utilized for BRCAI mutation detection (Gad et al., 2001). The
pathogenicity of polymorphisms may be assessed by functional studies. Func-
tional mutation analysis includes the yeast 2 hybrid transactivation Lacs assay in
which functionally inactive mutations (Camplejohn and Rutherford, 2001) fail to
‘turn on’ reporter genes.

New techniques such as comparative genomic hybridization and gene expres-
sion profiling (Duggan et al., 1999; Khan et al., 1999) are powerful tools for
dissecting out specific genetic pathways and the genes involved in directing cells
down the tumorigenic pathway (Loveday et al., 2000).

The role of methylation in the silencing of tumour suppressor genes in carcino-
genesis is becoming appreciated (Schofield et al., 2001; Costello and Plass, 2001).
Patterns of CpG methylation are often altered in neoplasia, which may comprise
both gene-specific hypermethylation in addition to more global methylation
abnormalities. Aberrant DNA methylation of promoter regions is a mechanism
for epigenetic silencing of tumour suppressor genes. Increasing numbers of
examples of this phenomenon are being described, including — in the context of
this volume — the BRCA1 gene promoter (Catteau et al., 1999; Esteller et al., 2001).
These epigenetic mechanisms could be one of the ‘two hits’ required for tumour
suppressor gene inactivation.

It is clear that epigenetic silencing of tumour suppressors may occur early in
tumorigenesis: for example, pl6INK4A CpG island promoter hypermethylation
occurs in pre-malignant stages of cancer, giving rise to a selective advantage to
clones of cells containing this epigenetic change (Myohanen et al., 1998). This
suggests the possibility of treating cancer patients with drugs that could reactivate
tumour suppressor genes (Costello and Plass, 2001). Conversely, hypomethyl-
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ation can lead to inappropriate activation of genes that are important for neoplas-
tic growth, such as CMYC and H-ras (Del Senno et al., 1989). Hypomethylation
may also lead to transcriptional activation of mobile genetic elements: transposons
(Florl et al., 1999). These mobile genetic elements are abundant in the genome,
and although they are rarely functional, Alu-mediated retrotransposon ‘muta-
tions’ have been observed in BRCAI and BRCA2.

Activation of transposons could be related to genome hypomethylation (Miki et
al., 1996). Retrotransposons may themselves alter the transcription of nearby
genes, which could reduce tumour suppressor function. In addition, hy-
pomethylation may be related to chromosome instability (Ehrlich, 2000), which is
detected at increased frequency in breast cancer cases.

The public health implications of the detection of breast cancer susceptibility
genes are likely to increase. Currently, genetic testing for germline BRCAI and
BRCA2mutations can be offered in only a very small proportion of breast/ovarian
cancer families. As it becomes possible to identify lower penetrance polymor-
phisms that may occur commonly in the population, population screening for
such mutations may be considered. However, it will be important to evaluate the
prophylactic and lifestyle measures needed to reduce cancer risks in women
carrying such mutations in order to establish the usefulness of such a measure,
which may be unwarranted if the mutation only confers moderately increased
risks of breast/ovarian cancer. Ethical issues of confidentiality and concerns about
the use of genetic testing by insurance agencies and employers must be taken into
account when considering testing for such mutations, in addition to tests for
high-penetrance mutations. Mammography has already dramatically reduced
deaths due to breast cancer in the UK. Identification of high-risk individuals to
target for surveillance will increase the efficiency of screening.

Information about differing biological behaviour of cancers arising in individ-
uals with different genetic backgrounds is emerging and may have important
implications for management. Thus, histological features of breast cancer are
characteristically different in BRCAI and BRCA2 mutation carriers (Chappuis et
al., 2000; Pericay et al., 2001) and gene expression profiles in breast cancer have
also been found to differ in carriers of these two types of mutation (Hedenfalk et
al., 2001; Lakhani et al., 2001). Such biological differences may have implications
with regard to prognosis and susceptibility to chemotherapy and radiotherapy.
Conversely, the presence of specific histological types may indicate which gene is
more likely to have caused the underlying susceptibility.

Surveillance and preventive strategies for high-risk women continue to require
evaluation, such as the use of MRI imaging for breast cancer detection and analysis
of nipple fluid aspirates, and this can only be done by the collection of large
amounts of data in a large cohort of at-risk women over a long time-period. New
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interventions and cancer treatments are also being developed: these include gene
therapy (see p. 372) and therapy to reduce the neovascularization in early tumours
that is involved in the development of the malignant phenotype (Folkman, 1999;
Im et al., 2001). Studies of treatments to reduce neovascularization in cancer have
provided exciting early results (Locopo et al., 1998) and merit further research.
As such novel surveillance and therapeutic measures are being developed, their
evaluation requires studies on large cohorts of affected women, well-documented
genetically. The best way forward in the future is by multicentre collaborations
such as that of the European Biomed 2 Group (from which the International
Collaborative Group — Familial Breast/Ovarian Cancer [ICG-FBOC] group has
evolved). Several chapter authors in this volume are members of this group.
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