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Foreword

I am pleased to have been chosen to prepare the foreword for this book dealing
with the gynecologic aspects of hereditary cancer-prone disorders, focusing
heavily upon Lynch syndrome (LS) and hereditary breast—ovarian cancer
(HBOC) syndrome, two syndromes which I described in the mid-1960s and
early 1970s, respectively. The clinical and molecular genetic progress made in
these disorders over this relatively short span has been truly remarkable.

The gynecologic components of these and several other hereditary cancer
syndromes are featured in a series of sections, each of which has been written by
world authorities. Their clinical and genetic linkage to gynecologic cancer is
long overdue. In each case, an appropriate emphasis has been focused upon
diagnosis, molecular genetic risk, prevention, and management. Attention to
these areas of concern cannot be emphasized enough due to their general neglect
in the overall clinical practice setting. In short, clinicians and genetic counselors
must have a firm grasp of the genetics and natural history of hereditary cancer
syndromes, given the reality of genetic risk assessment that has changed
substantially from mere inference, based upon findings in a pedigree, to a
high level of certainty of gynecologic cancer susceptibility in such disorders as
HBOC and LS.

The book is arranged in five sections. Section 1 covers an overview of
hereditary cancer where Johnathan Lancaster emphasizes the clinical relevance
of hereditary ovarian cancer and the vital need to identify women who are at high
risk. He addresses the fact that screening for ovarian cancer is wholly inadequate
and, therein, the option for surgical prophylaxis should be offered to women who
have completed their family, when a BRCA mutation is evidenced in HBOC or
when a mismatch repair mutation is evidenced in an LS family.

Lancaster’s overview is followed by Karen Lu’s focus on endometrial
cancer, a disease of particular importance when considering the LS. Endometrial
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cancer has now been elevated to its rightful place in diagnosis and management
of this disorder, thanks to Karen’s recent stream of papers showing its role as a
sentinel cancer in LS. The need for this emphasis dates to the early description of
LS in the mid-1960s, where attention was focused almost exclusively on
colorectal cancer, an approach, which followed in the footsteps of Aldred
Warthin’s 1913 report on “cancer families.” The term “hereditary nonpolyposis
colorectal cancer” (HNPCC) was subsequently coined; however, this term has
been recognized as an inappropriate description of the syndrome. Specifically,
although the disorder does not involve an excess of colonic polyps as found in
familial adenomatous polyposis, nevertheless, it does involve colonic polyps at
the rate expected for the general population. In addition to colorectal cancer, a
variety of cancer types may be found, with particular importance given to
carcinoma of the endometrium, the second most common lesion in the syndrome.
Others are cancer of the ovary, stomach (especially in families indigenous to the
Orient), small bowel, pancreas, upper uroepithelial tract, cutaneous sebaceous
lesions in the Muir-Torre syndrome variant, and brain tumors (glioblastomas) in
the Turcot syndrome variant.

Section 2 contains a series of chapters covering the pathology of BRCA-
associated ovarian cancer by Chris Crum, the inadequacies of ovarian cancer
screening, the hope of a cancer prevention, and the efficacy of risk-reducing
surgery by Drs. Cass, Barnes, and Kauff, respectively. Attention is then given to
breast cancer, which is the historical clue to the eventual diagnosis of the HBOC
syndrome, which I initially described in the early 1970s, when it was clearly
linked to a segregating pattern of both breast and ovarian cancer, hence the
acronym HBOC.

Section 3 covers LS (HNPCC) with an overview of its molecular genetics
and cancer risk by Eamon Sheridan, wherein he identifies a diagnostic and
management pattern that is similar to the opening comments in section 1 on
endometrial and ovarian cancer. This section concludes with Kathleen Schmel-
er’s state-of-the-art chapter dealing with the option of prophylactic surgery for
carcinoma of the endometrium and ovary in those women with the LS who have
completed their families and where documentation of the disorder is fully
established.

Strong and Walsh provide an overview of the Li—-Fraumeni syndrome and
Cowden syndrome in section 4.

Section 5 addresses genetic risk assessment, with the chapter by Sheri
Babb covering ovarian cancer in BRCAI/BRCA2 settings, and Molly Daniels
covering testing and the use of molecular diagnostics in LS. Genetic discrim-
ination, an unfortunate perception of many high-risk patients and which,
unfortunately, may be a deterrent to disclosure of their history as well as to
their coming forward for DNA testing, is covered by Patrick Lynch. Appropri-
ately, Susan Peterson covers the psychological impact of genetic testing.

This book clearly is a wake-up call to both the clinical and basic science
communities regarding the need to carefully assess the family history of cancer
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and give appropriate attention to gynecologic cancer, as well as cancer of all
anatomic sites, to establish a hereditary cancer syndrome diagnosis. Unfortu-
nately, the mentioned evaluation of the family history remains one of the most
neglected areas in the clinical workup of cancer patients. Further confounding
this problem is the low rate of referral of high-risk patients for definitive
molecular genetic evaluation, when indicated, thereby robbing such patients of
highly targeted diagnostic, screening, and management opportunities. Careful
attention to the contents of this book should help in the amelioration of these
public health concerns.
Henry T. Lynch
Creighton University School of Medicine
Omaha, Nebraska






Preface

I was an obstetrics-gynecology resident when the news broke in 1993 that
BRCAI had been cloned. While the name itself (BR: breast, CA: cancer gene)
implied its association with hereditary breast cancers, those of us who cared for
women with ovarian cancer understood that for many of these families, the
ovarian cancer diagnosis was equally as devastating. Over the last 15 years, there
have been large leaps in defining the specific cancer risks associated with
BRCAI and BRCA2, in outlining specific management options for risk reduction,
and in understanding the psychosocial issues surrounding the process of genetic
testing. In addition, there have been major discoveries related to other hereditary
cancer syndromes, including Lynch syndrome (germline mutation in DNA
mismatch repair genes), Li-Fraumeni syndrome (germline mutation in p53),
and Cowden syndrome (germline mutation in PTEN), all of which have
gynecologic cancers as part of the spectrum of disease.

Where are we now with this young field of clinical cancer genetics and
where do we need to go? How do we manifest the power of genetic testing to
ultimately decrease the mortality and morbidity of gynecologic cancers? One of
the fundamental paradigms associated with clinical genetic testing is that
although the family member who may benefit most from genetic testing is the
unaffected individual, the person who needs to undergo the testing first is the
person with cancer. For a young woman who has witnessed her mother go
through treatment for ovarian cancer and wants to undergo genetic testing to see
if she is at risk, the genetic counselor will routinely say, “In order for the test
to be meaningful, your mother who had ovarian cancer should have genetic
testing first.” If a mutation is identified in the mother with cancer, then the
daughter, who is at 50% risk of inheriting the mutation, can be tested for that
specific mutation. There is a very definite answer: yes or no. However, if the
daughter who has not had cancer undergoes testing first, the interpretation of the
results is more difficult. A positive result is positive, but a negative result could
mean (i) her mother did not have a BRCA mutation, that is, she did not have a

ix
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hereditary form of ovarian cancer; (if) her mother did have a BRCA mutation, but
the daughter did not inherit it; and (iif) there is an as yet unidentified mutation in
her family that the testing was unable to detect. Because of the importance of
performing the genetic testing on a person with cancer, first we need to ask
ourselves, How good are we at asking our cancer patients about family history?
And how good are we about referring appropriate patients for genetic counseling
and testing? My sense at my own institution and by speaking with my colleagues
at other institutions is that we are not systematically screening our patients with
ovarian and endometrial cancer for hereditary cancer syndromes.

Herein lies the purpose of this book. There is a need for practical education
for physicians caring for women with gynecologic cancers to understand the role
of the cancer doctor in identifying which patients may have a hereditary cancer
syndrome. Today the implications of testing the ovarian cancer patient for a
BRCA mutation include the ability to help not only the family members but also
the patient herself. We know that having a BRCA mutation confers an improved
survival in women with ovarian cancer. In addition, new therapies for the
treatment of ovarian cancer are currently in clinical trials that are targeted toward
women with ovarian cancer who have a BRCA mutation. The clinician needs to
know how to identify which ovarian or endometrial cancer patients may have a
hereditary predisposition, how to refer that person for genetic counseling, and
how to manage that patient if her genetic test is positive. For clinicians including
obstetrician-gynecologists, internists, family practitioners, and nurse practi-
tioners, who care for women without cancer who are mutation carriers, this
book provides education and information regarding risk-reducing strategies and
options for screening and early detection. I would appreciate feedback from
readers.

I have many people to thank for assisting me with this project. First, I am
grateful to the authors of each chapter for delivering important information in a
clear and approachable manner. Second, thanks to Molly Daniels, our GYN
genetic counselor, for her helpful insights and continued partnership and to
Jeannette Upshaw, who helped keep me and all involved with this project on
track. Third, thanks to Dr. Gershenson and my colleagues at M.D. Anderson,
who contribute so much to the work I do. Thanks to Robin Lacour, Shannon
Westin, and Larissa Meyer, fellows who assisted in the writing of the Learning
Points and Case Reports, and to all the fellows who have participated in my
research. I owe a great deal to my patients, who inspire me in my research on
hereditary cancers. Every patient has an awe-inspiring tale, and I never tire of
hearing them. Finally, a word of deep gratitude to my husband Charlie and my
children Ned, David, and Kate—thank you for your constant love and the joy
you bring to my life.

Karen H. Lu
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Clinical Relevance of Hereditary
Ovarian Cancer

Johnathan M. Lancaster

Division of Gynecologic Surgical Oncology, Department of Interdisciplinary
Oncology, H. Lee Moffitt Cancer Center & Research Institute, Tampa, Florida,

US.A.

KEY POINTS

The most important risk factor for the development of ovarian cancer is
family history.

Hereditary ovarian cancer is most commonly associated with hereditary
breast/ovarian cancer—associated mutations (BRCAI, BRCA2). To a lesser
extent, hereditary nonpolyposis colorectal cancer-associated mutations
(MLHI, MSH2, MSH6, PMS?2) are associated with hereditary ovarian cancer.

When assessing familial risk, remember the following:

Adoption limits interpretation of family history.

Small families may not manifest low-penetrance genes.

Families with few female relatives may underrepresent female cancers
despite the presence of a predisposing family mutation.

Males can transmit gynecologic cancer predisposing genes.
Hysterectomy and/or oophorectomy at a young age in multiple family
members can mask a hereditary gynecologic cancer predisposition.
Family histories change over time and should be reassessed regularly.
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It is important to emphasize that hereditary cancer risk assessment is a process

that

® includes assessment of risk, education, and counseling;

® is conducted by a physician, genetic counselor, or other provider with expertise
in cancer genetics;

® may include genetic testing if desired after appropriate counseling and consent
is obtained.

e General obstetrician/gynecologists and primary care physicians as well
as gynecologic oncologists should be aware of the referral guidelines for
hereditary cancer risk assessment.

BACKGROUND AND HISTORY

The concept that human disease can be inherited has been recognized for many
centuries. In the 19th century, the emergence of hemophilia in the offspring of
British Queen Victoria was one of the most notable early examples of a familial
disease trait. The subsequent appearance of the disease in Royal Houses of
Spain, Russia, and Prussia illustrated how inherited disease transmission can
occur as well as the impact it can have on successive generations of affected
individuals. In the 21st century, inherited cancer susceptibility has become one
of the most well-recognized familial traits. Research focused on the molecular
basis of inherited cancer predisposition promises to not only enhance our ability
to tailor care for individuals with familial cancer syndromes but also to shed light
on the biologic underpinnings of sporadic cancer.

Familial breast/ovarian cancer has become one of the best characterized of
the hereditary syndromes and has been the focus of considerable public interest,
as evidenced by the media focus on the identification of the BRCA1 and BRCA2
breast/ovarian cancer susceptibility genes in the early 1990s (1,2). Since the
localization and subsequent cloning of these two genes, the scientific com-
munity’s understanding of hereditary cancer susceptibility has increased dra-
matically (1-4). Many of the scientific, clinical, and socioeconomic challenges
associated with genetic disease traits have been faced for the first time in the
context of hereditary breast/ovarian cancer (HBOC) syndrome, such that the
disease has become something of a vanguard for genetic testing and management
of patients with familial cancer predisposition in general.

In light of the public awareness of hereditary cancer as well as the options
for genetic evaluation and risk-reducing strategies, it is becoming increasingly
important for gynecologists and other physicians who provide care to women to
be familiar with the nuances of hereditary cancer syndromes. In this chapter we
will examine the clinical relevance of hereditary ovarian cancer, including a
review of the genes that have been implicated in hereditary ovarian cancer, the
clinical features that may be used to identify women who might benefit from a
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genetic evaluation and possibly genetic testing, and the clinical management
options available for women with hereditary ovarian cancer susceptibility.

THE GENETIC BASIS TO HEREDITARY OVARIAN CANCER

Despite the host of factors, including inheritance, environment, hormones, and
behavior, that have been linked to the development of cancer, a single unifying
theory to explain human carcinogenesis remains elusive. It is clear, however, that
cancer is fundamentally a genetic disease, and as research technology rapidly
evolves, the number of cancers in which distinct genetic defects are identifiable
continues to increase.

The total number of cells present in a tissue is dependent on a critical
balance between cell proliferation, senescence, and apoptosis. Ovarian cancers
exhibit a high degree of genetic disruption that is manifest at both the chro-
mosomal and molecular levels, and the genetic alterations that underlie the
malignant transformation of ovarian surface epithelium primarily target genes
involved in the control of these processes (5,6). Thus, development of an ovarian
cancer can result from inactivation of tumor suppressor genes or activation of
oncogenes so that disruption of complex regulatory pathways occurs, with the
net effect being an increased number of cells (7). Mutations that inactivate DNA
repair genes accelerate the accumulation of other cancer-causing mutations.

Tumor suppressor genes encode proteins that normally inhibit prolifera-
tion, and inactivation of these genes plays a role in the development of most
cancers. Most hereditary cancer syndromes are due to transmission of germline
mutations in tumor suppressor genes. Knudson’s “two-hit” model established
the paradigm that both alleles must be inactivated in order to exert a pheno-
typic effect on tumorigenesis (8). In the case of hereditary cancer suscepti-
bility, the initial “hit” is the inheritance of an inactivating (germline) mutation
in one copy of the gene. Later, somatic events (frequently large chromosomal
losses) result in the second hit and complete loss of tumor suppressor function.
In contrast, “sporadic” cancers arise through the accumulation of genetic
changes that are acquired throughout the life of an organism. The mechanism
of inactivation of tumor suppressor genes, whether germline or somatic, may
vary from one cancer to the next. Frequently, mutations in tumor suppressor
genes alter the base sequence resulting in the production of a premature stop
codon (TAG, TAA, or TGA) and truncated protein product. Several types of
mutational events can result in the creation of such premature stop codons,
including nonsense mutations, in which a single-base substitution changes the
nucleotide sequence from one that codes for a specific amino acid to one that
produces in a stop codon. In addition, microdeletions or insertions of one or
several nucleotides that disrupt the reading frame of the DNA (frameshifts)
also lead to the generation of downstream stop codons. In some cases, mis-
sense mutations occur that change only a single amino acid in the encoded
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protein. The functional significance of such a change depends on the amino acid
alteration and the location within the gene. A mutation in one allele, whether
germline or somatic, is revealed following somatic inactivation of the corre-
sponding wild-type allele, typically by deletion of part or all of the chromosome.
This loss of heterozygosity has become recognized as the hallmark of tumor
suppressor gene inactivation. Tumor suppressor genes may also be inactivated by
promoter region methylation.

Oncogenes encode proteins normally involved in stimulating proliferation.
However, when these gene products are overactive, they contribute to the process
of malignant transformation. Activation of oncogenes can occur via amplification
of the number of gene copies, by point mutations, or by translocation from one
chromosomal location to another.

HEREDITARY OVARIAN CANCER: GENES AND DISEASE PATTERNS

Although many factors influence a woman’s risk of developing ovarian cancer,
family history is believed to be the most important predictor of risk for the
disease. Overall, approximately 10% of human cancers develop in individuals
with family history consistent with the presence of an autosomal dominant
susceptibility allele (9,10). Thus, in the United States, inherited risk may con-
tribute to the development of more than 2000 of the 22,000 new cases of ovarian
cancer each year (11-13).

Traditionally, inherited ovarian cancer largely falls into two clinically
defined syndromes: (i) HBOC syndrome (including site-specific ovarian cancer
and breast/ovarian cancer predisposition) and (i7) hereditary nonpolyposis col-
orectal cancer (HNPCC)/Lynch syndrome. Although the majority of hereditary
breast cancers are BRCAI or BRCA2 related, individuals with Li-Fraumeni
syndrome (caused by germline TP53 gene mutations) and Cowden syndrome
(caused by germline mutations in the PTEN gene) also have an increased risk of
breast cancer (3,14-16).

Genetic linkage studies suggest that the majority of site-specific ovarian
cancer families and breast/ovarian cancer families are due to alterations in the
BRCAI1 gene and that familial site-specific breast cancer is due to alterations in
BRCAI (approximately 45% of families) or BRCA2 (approximately 35% of
families) (4,14,17). However, in a Gynecologic Oncology Group (GOG) study of
patients with ovarian cancer who also had a family history of breast and/or
ovarian cancer, only 12 out of 26 eligible patients were found to have deleterious
BRCAI or BRCA2 mutation, 8 in BRCAI and 4 in BRCA2, suggesting that
mutations in BRCAI are responsible for twice the number of hereditary ovarian
cancers than BRCA?2 and also raising the possibility that additional susceptibility
alleles exist that contribute to the familial ovarian cancer phenotype (18). Sup-
porting this theory more recently, sequence and large genomic rearrangement
analysis of 283 ovarian cancer families in the United Kingdom and the United
States identified mutations in BRCAI or BRCA2 in only 37% and 9% of families,
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respectively (19). Interestingly, in this study, the frequency of BRCAI or BRCA2
mutation was lower in families with fewer cases of breast cancer. Mutations
were identified in 81% of families containing three or more ovarian cancer and
one or more breast cancer (<60 years of age) cases, whereas the mutation
frequency dropped to 27% in families containing only two ovarian cancer cases
and no breast cancer. This comprehensive analysis of BRCAI and BRCA2 in
ovarian cancer families provides further support for the view that additional
hereditary ovarian cancer genes may exist. In this regard, mutations in the DNA
mismatch repair genes, MLHI and MSH2, have been shown to be responsible for
a small proportion of hereditary ovarian cancer cases as a component of the
HNPCC/Lynch syndrome (20-22). Although mutational inactivation of addi-
tional dominant susceptibility genes may account for many of those BRCAI- or
BRCA2-negative ovarian and breast/ovarian cancer families, it is also possible
that the low-penetrance susceptibility alleles, including single-nucleotide poly-
morphisms, also contribute to a subset of hereditary ovarian cancer families.

RISK ASSOCIATED WITH MUTATIONS IN OVARIAN CANCER
SUSCEPTIBILITY GENES

The BRCAI and BRCA2 genes are located on chromosomes 17q and 13q,
respectively (3,4). Both are large genes, containing more than 20 exons, producing
transcripts in excess of 7,000 basepairs (1,2). Inactivating mutations have been
identified throughout the entire coding sequence of both genes (18,19). Indi-
viduals carrying germline mutations in the BRCAI cancer susceptibility gene
have up to 69% risk of breast cancer and 46% risk of ovarian cancer by age 70
(23,24). Germline BRCA2 mutations are associated with 74% and 12% risks of
breast and ovarian cancer by age 70, respectively (23,24). Individuals with
mutations in DNA mismatch repair genes (MLHI, MSH2, MSH6) that underlie
Lynch/HNPCC syndrome have approximately 42% to 60% and 9% to 12% risks
of endometrial and ovarian cancer, respectively, by age 70 (25,26). Women and
men with HNPCC also have up to a 60% lifetime risk of colorectal cancer.

IDENTIFICATION OF WOMEN AT RISK FOR HEREDITARY
OVARIAN CANCER

Traditionally, the hallmarks of a hereditary cancer syndrome include the pres-
ence of multiple family members affected with the disease, an early age of
cancer development, and the presence of multiple and/or bilateral primary
cancers (27-29). Although such clinical markers are well recognized, recent
advances in our understanding of molecular genetics have made it possible to
define some of the genetic alterations that predispose individuals to inherited
cancers (1,2,30-34), making it possible to provide women with a more quantified
and individualized assessment of inherited ovarian cancer risk as well as options
for tailored screening and prevention strategies that may reduce morbidity from
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the disease (35-44). In this context, it is important to discriminate between
hereditary cancer risk assessment and genetic testing. Hereditary cancer risk
assessment is a process that includes assessment of risk, education, and coun-
seling, and may include a genetic testing component if desired after appropriate
counseling and consent is obtained.

Unfortunately, many women who might benefit from such an assessment
are not identified as being at increased risk by their primary care provider,
gynecologist, or oncologist. One of the greatest impediments to enhancing care
for women at risk of inherited ovarian cancer is appropriate referral to a phy-
sician, genetic counselor, or other provider with expertise in cancer genetics such
that the patient may undergo a comprehensive hereditary cancer risk assessment.
This may, in part, be due to an incomplete understanding of the clinical
parameters that should be considered as indicators for referring patients for
hereditary cancer risk assessment, and highlights the need for increased genetic
education efforts at graduate and postgraduate training levels.

Hereditary Cancer Risk Assessment and the Oncologist

Review of the parameters listed in Table 1 highlights the influence that a per-
sonal history of cancer has on individual risk related to HBOC syndrome. Thus,
during active therapy or posttreatment surveillance, medical, surgical, and
radiation oncologists will likely encounter patients with hereditary cancer risk
more frequently than other providers. Clearly, the likelihood of identifying a
deleterious alteration in BRCAI or BRCA2 increases with the number of early-
onset breast and/or ovarian cancer cases in a family, such that, in general, women
with a personal history of breast cancer diagnosed before age 40 (or older in the
presence of additional risk factors); ovarian, fallopian, or primary peritoneal
cancer at any age; bilateral or multiple-primary breast cancer; or a known family
BRCAI or BRCA2 mutation are candidates for referral to assessment of inherited
BRCAI or BRCA2 risk. Similarly, patients with endometrial or colon cancer
diagnosed before age 50 (or older in the presence of additional risk factors),
endometrial or ovarian cancer with synchronous or metachronous colon cancer,
or a Lynch/HNPCC-related tumor in the presence of a known Lynch/HNPCC
mutation in the family should be considered for genetic evaluation for Lynch/
HNPCC syndrome. It is important to emphasize that clinical parameters, in
general, are simply a guide to facilitate the identification of women who may
have an increased likelihood of carrying a mutation that predisposes to ovarian
cancer development and should not be viewed as rigid requisites for inclusion or
exclusion of patients for referral to genetic evaluation.

Gynecologic oncologists caring for women with ovarian, fallopian, or
primary peritoneal cancer encounter significant numbers of women who carry
germline mutations in BRCAI or BRCA2. Although it is generally accepted that
approximately 10% of human cancers have an inherited component (9-13),
recent data suggests that 16% of women with invasive, nonmucinous, ovarian
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Table 1 Clinical Parameters That Should Be Considered as Guides for Referring Patients
to a Provider with Expertise in Hereditary Cancer Risk Assessment for HBOC Syndrome

Consider hereditary cancer risk assessment for HBOC syndrome caused by
mutations in BRCA1 or BRCA2 genes, if:

Affected individual with at least one of the following:

Breast cancer at <40 yr

Premenopausal breast cancer (<50 yr) and a close relative® with premenopausal breast
cancer (<50 yr)

Premenopausal breast cancer (<50 yr) and a close relative® with ovarian, male breast, or
pancreatic cancer at any age

Postmenopausal breast cancer (>50 yr) with two close relatives® diagnosed with breast
cancer at any age (particularly if at least one cancer was diagnosed at <50 yr)

Breast cancer at <50 yr and Ashkenazi Jewish descent

Postmenopausal breast cancer (>50 yr), Ashkenazi heritage, and at least one close
relative” diagnosed with breast cancer at any age (particularly if diagnosed at
<50 yr)

Ovarian, fallopian, or primary peritoneal cancer at any age

Cancer at any age and a known familial mutation

Two breast primaries, including bilateral disease

Ovarian, fallopian, or primary peritoneal cancer and breast cancer at any age

Unaffected individual with:

A first- or second-degree relative who meets any of the above criteria

A close relative is defined as a first-degree (one who is one meiosis away from a particular indi-
vidual in a family, such as a parent, sibling, offspring), second-degree (one who is two meioses away
from a particular individual in a pedigree, such as a grandparent, grandchild, uncle, aunt, nephew,
niece, half-sibling), or third-degree relative (one who is three meioses away from a particular indi-
vidual in a pedigree, such as a great-grandparent, biologic first cousin).

Abbreviation: HBOC, hereditary breast/ovarian cancer.

cancer may have mutations in either BRCAI or BRCA2 (43). In a population-
based study of 232 incident cases of epithelial ovarian cancer, full sequencing of
BRCAI and BRCA?2 and rearrangement testing of BRCAI revealed 32 (13.8%)
mutations, 20 (8.6%) in BRCAI and 12 (5.2%) in BRCA2 (45). No mutations
were identified in 23 borderline or 13 mucinous tumors, such that the BRCAI or
BRCA2 mutation frequency in invasive, nonmucinous, ovarian cancer was
16.3%. More than 40% of BRCA2 mutations were outside the ovarian cancer
cluster region. In this population-based study, it is important to note that 31% of
BRCAI or BRCA2 mutation carriers had no first- or second-degree family history
of breast or ovarian cancer. The frequency of BRCAI or BRCA2 mutation
identified in this study as well as the lack of family history in many mutation
carriers illustrates why family history cannot be relied on as a clinical indicator
of BRCAI or BRCA? risk in patients with ovarian cancer, and underscores why
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genetic evaluation should be considered for all patients with a personal history of
the disease.

Gynecologic oncologists also encounter hereditary ovarian cancer in the
context of HNPCC/Lynch syndrome, an autosomal dominant disease caused by
mutations in DNA mismatch repair genes, including MLHI, MSH2, MSH6,
PMS1 or PMS2. The syndrome is characterized by a predisposition to a spectrum
of cancers such as colorectal, endometrial, upper gastrointestinal, urinary tract,
as well as ovarian. As noted previously, the risk (by age 70) of endometrial and
ovarian cancers are approximately 42% to 60% and 9% to 12%, respectively
(36,37), such that the presence of either of these two diseases in a patient with
concurrent or previous HNPCC/Lynch-related cancers should be viewed as an
indication for possible genetic evaluation.

Hereditary Cancer Risk Assessment and the Obstetrician/Gynecologist
and Primary Care Provider

Many patients who might benefit from a hereditary cancer risk assessment do not
have a personal history of cancer or may be cancer survivors and hence are no
longer under the care of an oncologist. Opportunities to identify and appropri-
ately refer these women are, therefore, seen most frequently by primary care
providers and general obstetricians and gynecologists, requiring that such
clinicians have familiarity with—and be watchful for—the features of hereditary
cancer syndromes. As previously stated, the presence of multiple family mem-
bers affected with breast and/or ovarian cancer (or other Lynch/HNPCC-linked
cancers), an early age of cancer development, and the presence of multiple and/
or bilateral primary cancers should be viewed as an indicator for the possible
presence of a hereditary cancer syndrome (27-29). However, specific clinical
parameters exist (Table 1) that can be used to guide referrals to providers with
expertise in hereditary cancer risk assessment. These clinical features highlight
the importance of considering both personal and family history in a compre-
hensive evaluation, and underscore the significance of age of disease onset,
ethnicity, and presence or absence of multiple and/or bilateral primary cancers in
both the patient and family member. While these specific criteria identify the
majority of individuals that meet thresholds for genetic evaluation, there are
some patients who may not meet the specific criteria, but may still benefit from
genetic risk assessment. These individuals include members of families with few
female relatives, resulting in an underrepresentation of female cancers despite
the presence of a predisposing family mutation (46,47); families in which
multiple members underwent hysterectomy and/or oophorectomy at a young age,
thus potentially masking a hereditary gynecologic cancer predisposition (48);
and families that include adoption within the lineage.

It should be noted that when evaluating a family for possible transmission
of a deleterious mutation, it is most efficient to start by testing an affected
individual.
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QUESTIONS RELATED TO THE BENEFITS AND
RISKS OF GENETIC EVALUATION

As obstetricians and gynecologists, primary care providers, and oncologists
become more proactive in identification of individuals who might benefit from
hereditary cancer risk assessment, they will increasingly be faced with questions
from patients regarding the process and implications of genetic assessment and
genetic testing. As such, clinicians should be equipped to provide an overview of
the process, including the limitations, benefits, and risks.

CLINICAL BENEFITS AND MANAGEMENT OPTIONS FOLLOWING
GENETIC ASSESSMENT

Hereditary cancer risk assessment allows physicians to provide individualized
and quantified assessment of risk, as well as options for tailored screening and
prevention strategies that may reduce morbidity from the disease (35-44). In
this regard, several strategies have been demonstrated to improve outcome for
individuals at increased risk, including magnetic resonance imaging breast
screening (38,39), HNPCC/Lynch colorectal cancer screening with colono-
scopy (40), and prophylactic surgery (41-44). Preliminary studies suggest that
prophylactic surgery reduces gynecologic cancer risk by more than 90% in
some cases (35-37). Though not proven to impact outcome, additional commonly
employed management strategies include screening with mammography, serum
tumor markers (such as CA125), transvaginal sonography, and endometrial
biopsy. For patients at risk for HBOC, approaches to chemoprevention include
oral contraceptive pill to reduce ovarian cancer risk and selective estrogen
receptor modulators, such as tamoxifen, to reduce breast cancer risk (49-53).

RISKS AND LIMITATIONS OF GENETIC EVALUATION

Genetic testing for inherited cancer susceptibility requires informed consent that
should include education and counseling (pre- and posttest), concerning the risks,
benefits, and limitations of testing. Such information should include the implica-
tions of both positive and negative genetic test results, including psychologic
stress, changes to family dynamics, and the potential for social, economic, edu-
cational, and insurance discrimination. Although there is potential for insurance
and/or employment discrimination, there is little evidence that this has occurred to
date (53-55). Furthermore, while legal protection against discrimination remains
incomplete, the 1996 Health Insurance and Portability and Accountability Act
prohibits a genetic test result from being classified as a preexisting condition, in
the absence of symptoms (56). Despite this, many patients may be reluctant to seek
reimbursement from their health insurance company for genetic services. Current
charges for a comprehensive BRCAI or BRCA2 screen are in excess of $3000,
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whereas single site (known family mutation) and multisite (three Ashkenazi
Jewish founder mutations) are less than $400 and $500, respectively. HNPCC
testing currently costs approximately $2000.

In addition to information on cost, pretest counseling should also include
education on the limitations of current genetic testing technology and the sub-
sequent risks of false-negative results, as well as the uncertainties associated
with genetic variants of uncertain significance. Although genetic testing errors
associated with failure to detect missense mutations and small insertions or
deletions in BRCAI or BRCA2 are thought to be low (<1%), large structural
rearrangements that are not as easily identified may represent a significant
proportion of undetected mutations in some populations (56-58). Posttest coun-
seling should include education on risk-reduction strategies as outlined above.

The risk of developing breast, ovarian, or endometrial cancer in a woman
under age 21 is low, even in individuals carrying mutations in inherited cancer
susceptibility genes. Thus, a genetic test result for HBOC or Lynch/HNPCC
would change the clinical management of very few women under the age of 21.
In light of this fact and the potential negative consequences of genetic testing,
genetic testing of women under age 21 for HBOC or Lynch/HNPCC is
not recommended in the absence of a family history of extremely early-onset
cancer.

CASE REPORT

J.F. was first diagnosed with left breast cancer in January 2001, at the age of 50,
and then developed ductal carcinoma in situ of the right breast in October 2002.
In January 2003, she was noted to have a pelvic mass at the time of her annual
gynecologic examination and was subsequently diagnosed with stage IIIC ovarian
cancer. Her family history was significant for a paternal grandmother with
postmenopausal breast cancer; three of six paternal aunts with breast cancer,
diagnosed at age 43, 46, and 54; and three paternal cousins with breast cancer,
diagnosed at age 35, 42, and 50. For her personal and family histories, she was
referred to genetic counseling in February 2005 and had BRCA testing per-
formed in May 2005, which revealed a BRCAI mutation.

LEARNING POINTS

® Upon the diagnosis of breast, ovarian, fallopian tube, or primary peritoneal
cancer, family history should be reviewed and referral for genetic counseling
should be considered, if appropriate.

® A high index of suspicion for a genetic abnormality should exist in patients
who develop two separate primary breast cancers or both breast and ovarian
cancers.
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KEY POINTS

Approximately 5% of all endometrial cancers are due to an inherited
predisposition.

Lynch syndrome is the main endometrial cancer—inherited predisposition
syndrome. Women with Lynch syndrome have a 40% to 60% lifetime risk
of developing endometrial cancer, a 40% to 60% lifetime risk of developing
colon cancer, and a 10% to 12% lifetime risk of developing ovarian cancer.
Clinical criteria including young age of onset, personal history of a prior colon
cancer, and family history of colon and endometrial cancer can be “red flags”
for identifying an endometrial cancer patient as having Lynch syndrome.
Tumor studies, including immunohistochemistry for MLH1, MSH2,
MSH6, and PMS2, and the microsatellite instability assay may be helpful
prior to performing genetic testing for Lynch syndrome.

INTRODUCTION

In 2008, there will be an estimated 40,100 cases of endometrial cancer and 7470
deaths from the disease in the United States (1). The majority of endometrial
cancers are due to obesity. Approximately 5% of all endometrial cancers are due
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to a hereditary disposition (2). The most common hereditary syndrome related to
endometrial cancer is Lynch syndrome or hereditary nonpolyposis colorectal
cancer (HNPCC) syndrome. Less commonly, endometrial cancer is seen in
individuals with Cowden syndrome (see chap. 15). While much attention on
hereditary gynecologic cancers has been focused on BRCA1l- and BRCA2-
related ovarian cancer, Lynch syndrome-associated endometrial cancer is also
important for the gynecologic oncologist and gynecologist. There are two key
reasons to identify women with endometrial cancer as having Lynch syndrome.
First, women with endometrial cancer and Lynch syndrome have a high risk of
developing a second cancer, i.e., a synchronous or metachronous colon cancer.
These women should be offered screening colonoscopy, which has been shown
to be effective in the prevention and early detection of colon cancer (3). Second,
clinical genetic testing is available for these women. Once, a Lynch syndrome—
associated mutation is identified, unaffected family members can then undergo
predictive genetic testing. This chapter will highlight characteristics or red flags
for clinicians to use to identify women with endometrial cancer as possibly
having Lynch syndrome.

WHAT IS LYNCH SYNDROME?

Lynch syndrome, or HNPCC syndrome, is a hereditary cancer syndrome char-
acterized by early onset colon cancer and endometrial cancer (4). In the past,
Lynch syndrome was divided into Lynch I and Lynch II, with Lynch I charac-
terizing families with multiple cases of colon cancer and Lynch II characterizing
those with both colon and other extracolonic cancers, including endometrial
cancer. However, with the discovery that the underlying germline molecular
defect in all of these individuals is a mutation in the DNA mismatch repair gene
family (MLH1, MSH2, MSH6, or PMS2), there is now simplification of the
nomenclature to “Lynch syndrome.” In the last decade, multiple studies have
been performed that have clarified the cancer risks associated with having a
Lynch syndrome mutation. In addition, criteria have been developed to assist
clinicians in identifying which colon or endometrial cancer patients need to be
referred for a genetics evaluation. Finally, ongoing studies are defining effective
cancer screening and prevention strategies.

Compared with the individuals in the general population, individuals with
Lynch syndrome face staggering risks of colon and endometrial cancer (Fig. 1).
For men, lifetime risk of colon cancer is approximately 80%, and for women, it
is 40% to 60%. In addition, women with Lynch syndrome have a 40% to 60%
lifetime risk of endometrial cancer (5,6). These risks are significantly higher than
the 4% to 5% risk of colon cancer and the 3% risk of endometrial cancer in
individuals in the general population. Other cancer risks for individuals with
Lynch syndrome include ovary (12% lifetime risk), small bowel (<5% lifetime
risk), stomach (13% lifetime risk), renal pelvis and ureteral cancers (4% lifetime
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Figure 1 Lifetime risk of colon, endometrial, and ovarian cancers in men and women
with Lynch syndrome compared with general population risk.

risk), biliary tract (2% lifetime risk), and brain (4% lifetime risk) (5,6). Indi-
viduals may also have sebaceous adenomas/carcinomas and keratoacanthomas,
and this variant of Lynch syndrome is referred to as Muir-Torre syndrome.

Dr. Alfred Warthin, a pathologist at the University of Michigan, described
the original family in 1913. Dr. Warthin’s seamstress described to him that an
excessive number of her family members died of gastric and uterine cancers,
some at young ages. In fact, his seamstress eventually developed and died of
endometrial cancer. This family, referred to as Family G, was reported by Dr.
Warthin in the Archives in Internal Medicine in 1913 (7). The original pedigree
of the seamstress’ family was updated by Dr. Henry Lynch in 1971 in Cancer
and again in 2005 after the specific molecular defect in the family had been
identified (8,9). Despite the recognition, even early on, of the importance of
endometrial cancer in this hereditary cancer syndrome, much of the subsequent
research has been focused on colon cancer risk.

IDENTIFICATION OF INDIVIDUALS WITH LYNCH SYNDROME

Before the discovery of the underlying genetic defect, the diagnosis of Lynch
syndrome was based on clinical criteria called the Amsterdam criteria. If a family
had three individuals in a lineage with colon cancer, two in successive generations,
and one who developed colon cancer under the age of 50, the term HNPCC or
Lynch syndrome was applied. While initially focused on colon cancer, the
Amsterdam criteria were subsequently revised to include all Lynch syndrome—
associated cancers (Table 1) (10). The easiest way to recall the Amsterdam II
criteria is the 3-2-1 rule: three or more relatives with Lynch-associated cancers in a
lineage, including cancer of the colon, endometrium, ovary, small bowel, stomach,
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Table 1 Amsterdam II Criteria (Patient Must Meet ALL of the Following)

® Three or more relatives with a histologically verified HNPCC-associated cancer or
cancer of the endometrium, small bowel, ureter, or renal pelvis, one of whom is a
first-degree relative of the other two; familial adenomatous polyposis (FAP) should be
excluded
HNPCC-associated cancer involving at least two generations
One or more HNPCC-associated cancer cases diagnosed before the age of 50

Abbreviation: HNPCC, hereditary nonpolyposis colorectal cancer.

renal pelvis, biliary tract, or brain; two in successive generations; one or more
Lynch-associated cancer diagnosed before the age of 50 years.

In the early 1990s, the underlying genetic defect of Lynch syndrome was
found to occur in one of several members of the DNA mismatch repair gene
family. Families with Lynch syndrome were found to have specific defects in
MLHI1, MSH2, MSH6, or PMS2 (11-14). Mutations in MLH1 and MSH2
account for more than 90% of cases of Lynch syndrome (15). Families with
MSH6 have a higher incidence of endometrial cancers with later age of onset of
both colon and endometrial cancers (16-18). Individuals who have Lynch syn-
drome have inherited one allele of a defective mismatch repair gene. Subsequent
somatic loss of function of the corresponding normal allele results in defective
DNA mismatch repair. DNA mismatch repair proteins are necessary to fix errors
that commonly occur during DNA replication. The specific gene mutation in a
family is inherited in an autosomal dominant fashion, with each child having a
50% risk of inheriting the mutation. Not all individuals who inherit a Lynch
syndrome mutation will have cancer, and this is called incomplete penetrance.
Overall, Lynch syndrome accounts for approximately 3% of all colon cancers
and 3% of all endometrial cancers (19). In the general population, it is estimated
that Lynch syndrome mutations occur in 1/500 to 1/1000 individuals, similar to
the rate of BRCA1 and BRCA2 mutations in the general population.

Unlike with BRCA1 and BRCA2, tumor studies can be performed that
allow clinicians an intermediate step prior to performing germline mutational
analysis in evaluating individuals who potentially may have Lynch syndrome.
These tumor studies can be performed on paraffin-embedded tissue. Immuno-
histochemistry (IHC) for MLH1, MSH2, MSH6, and PMS2 is a relatively
inexpensive study. Loss of the respective protein expression by IHC (e.g., loss of
staining of MSH2) suggests that there may be a germline mutation of the gene
(germline mutation in MSH2). Therefore, genetic testing can be targeted for the
MSH2 gene. However, for MLHI loss by THC, the cause can be either from
germline mutation or from somatic hypermethylation of the MLH1 promoter. A
more specialized test can be performed to rule out hypermethylation of the
MLHI promoter.



Clinical Relevance of Hereditary Endometrial Cancer 19

An additional tumor test that can be performed is called microsatellite
instability (MSI) (20). MSI is a marker for an abnormally functioning DNA
mismatch repair system. Tumors that develop in individuals with Lynch syn-
drome have the characteristic phenotype MSI. However, for both colon and
endometrial cancers, MSI can be the result of either a germline mutation (i.e.,
Lynch syndrome) or a nongermline mutation or somatic change. As mentioned
above, the somatic change most frequently associated with MSI is hyper-
methylation of the MLH1 promoter. Microsatellites are regions of the DNA in
which there are single, di-, tri-, or quadranucleotide repeats (e.g., CACACACA).
By comparing normal tissue with tumor tissue in an individual, the MSI assay
identifies tumors that have an abnormally functioning DNA mismatch repair
system. The National Institutes of Health has specified a panel of six micro-
satellite regions that can be tested for instability: BAT25, BAT26, BAT40,
D5S346, D2S123, and D17S250. By convention, if a tumor has allelic shift in
two or more of the six microsatellites, the tumor is designated microsatellite
instability—high (MSI-H). Additional details of these two tumor studies are
provided in chapter 11 by Russell Broaddus.

IDENTIFYING INDIVIDUALS WHO HAVE LYNCH SYNDROME

Traditionally, gastroenterologists, GI surgeons, and GI medical oncologists have
played a great role in identifying individuals with Lynch syndrome. However,
women with Lynch syndrome have an equal lifetime risk of colon and endo-
metrial cancer, and gynecologic oncologists and gynecologists also need to be
aware of the red flags identifying a woman with endometrial cancer as having
Lynch syndrome. There are two key reasons to identify women with endometrial
cancer as having Lynch syndrome. The first reason is that genetic testing is most
helpful when it is performed on the cancer patient first. The gynecologic
oncologist caring for a young endometrial cancer patient may be the first phy-
sician to note the possibility of Lynch syndrome in a family. If the endometrial
cancer patient undergoes genetic testing and a mutation is identified, then other
unaffected family members can be tested for the specific mutation. In a study of
women with Lynch syndrome who had a history of both gastrointestinal cancer
and gynecologic cancer, the gynecologic cancer (usually endometrial) was the
“sentinel” cancer in over 50% of the cases (21). The second reason is that for the
patient with endometrial cancer, there is a high likelihood of a synchronous or
metachronous colon cancer if she has Lynch syndrome. Both of these issues were
highlighted in a recent New England Journal of Medicine case report, Case 13-
2007, in which a 40-year-old woman with a preoperative diagnosis of endo-
metrial cancer was found intraoperatively to have a colon cancer (22). Ulti-
mately, her pathology revealed three primary tumors, including a stage 1B
endometrial adenocarcinoma, stage 1B clear cell adenofibromas of borderline
malignancy with endometriosis in both ovaries, and a Dukes’ stage B1 colon
adenocarcinoma. Prior to the patient’s diagnosis, there was a family history of
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uterine cancer at age 50 in the patient’s mother, and colon cancer at age 55 in the
maternal grandfather. No previous diagnosis of Lynch syndrome had been made
in the family. With the diagnosis of synchronous endometrial and colon cancers,
the patient was referred for genetic counseling. Tumor studies (MSI and
immunohistochemical studies) were performed on the colon and endometrial
cancers, both tumors demonstrated MSI and loss of the MSH2 protein. The
patient underwent germline mutation testing of MSH2 and was found to have a
mutation. The patient’s mother has also tested positive for the mutation, and two
unaffected sisters are interested in testing.

Published criteria have been developed to assist physicians caring for
colon cancer patients in identifying patients as having Lynch syndrome. These
are called the Bethesda criteria and were revised in 2004 (Table 2) (23). The
revised Bethesda criteria address four broad criteria: (i) young age at onset,
(if) synchronous or metachronous cancers, (iii) specific histologic findings of the
tumor, and (iv) family history. There are new Society of Gynecologic Oncology
guidelines for identifying a woman with endometrial cancer as having Lynch
syndrome (Tables 3 and 4) (24). As a general rule, these three criteria are red
flags that a gynecologic oncologist can use to identify an endometrial cancer
patient as having Lynch syndrome: (i) young age of onset, (ii) synchronous or
metachronous cancers, and (iii) family history.

Table 2 The Revised Bethesda Guidelines for Testing Colorectal Tumors for MSI

Tumors from individuals should be tested for MSI in the following situations:

1. Colorectal cancer diagnosed in a patient who is less than 50 years of age.

2. Presence of synchronous, metachronous colorectal, or other HNPCC-associated
tumors,” regardless of age.

3. Colorectal cancer with the MSI-H® histology® diagnosed in a patient who is less
than 60 years of age.”

4. Colorectal cancer diagnosed in one or more first-degree relatives with an HNPCC-
related tumor, with one of the cancers being diagnosed under age 50 years.

5. Colorectal cancer diagnosed in two or more first- or second-degree relatives with
HNPCC-related tumors, regardless of age.

“HNPCC-related tumors include colorectal, endometrial, stomach, ovarian, pancreas, ureter and renal
pelvis, biliary tract, and brain (usually glioblastoma as seen in Turcot syndrome) tumors, sebaceous
gland adenomas and keratoacanthomas in Muir-Torre syndrome, and carcinoma of the small bowel.
"MSI-H in tumors refers to changes in two or more of the five National Cancer Institute—recom-
mended panels of microsatellite markers.

“Presence of tumor infiltrating lymphocytes, Crohn’s-like lymphocytic reaction, mucinous/signet-ring
differentiation, or medullary growth pattern.

IThere was no consensus among the Workshop participants on whether to include the age criteria in
guideline 3 above; participants voted to keep less than 60 years of age in the guidelines.
Abbreviations: MSI, microsatellite instability; HNPCC, hereditary nonpolyposis colorectal cancer;
MSI-H, microsatellite instability-high.
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Table 3 Patients with Greater Than Approximately 20% to 25% Chance of Having an
Inherited Predisposition to Endometrial, Colorectal, and Related Cancers and for Whom
Genetic Risk Assessment is Recommended

® Patients with endometrial or colorectal cancer who meet the revised Amsterdam
criteria (29) as listed below:

® At least 3 relatives with a Lynch/HNPCC-associated cancer (colorectal cancer,
cancer of the endometrium, small bowel, ureter, or renal pelvis) in one lineage

®  One relative should be a first-degree relative of the other two
® At least 2 successive generations should be affected
® At least 1 HNPCC-associated cancer should be diagnosed before age 50

® Patients with synchronous or metachronous endometrial and colorectal cancer with the
first cancer diagnosed prior to age 50

® Patients with synchronous or metachronous ovarian and colorectal cancer with the
first cancer diagnosed prior to age 50

® Patients with colorectal or endometrial cancer with evidence of a mismatch repair
defect (i.e., MSI or immunohistochemical loss of expression of MLH1, MSH2, MSH6,
or PMS2)

® Patients with a first- or second-degree relative with a known mismatch repair gene
mutation

Abbreviations: HNPCC, hereditary nonpolyposis colorectal cancer; MSI, microsatellite instability.

Table 4 Patients with Greater than Approximately 5% to 10% Chance of Having an
Inherited Predisposition to Endometrial, Colorectal, and Related Cancers and for Whom
Genetic Risk Assessment May Be Helpful

Patients with endometrial or colorectal cancer diagnosed prior to age 50
Patient with endometrial or ovarian cancer with a synchronous or metachronous colon
or other Lynch/HNPCC-associated tumor® at any age

® Patients with endometrial or colorectal cancer and a first-degree relative with a
Lynch/HNPCC-associated tumor® diagnosed prior to age 50

® Patients with colorectal or endometrial cancer diagnosed at any age with two or more
first- or second-degree relatives® with Lynch/HNPCC-associated tumors,” regardless
of age

®  Patients with a first- or second-degree relative® who meets the above criteria

“Lynch/HNPCC-related tumors include colorectal, endometrial, stomach, ovarian, pancreas, ureter
and renal pelvis, biliary tract, and brain (usually glioblastoma as seen in Turcot syndrome) tumors,
sebaceous gland adenomas and keratoacanthomas in Muir-Torre syndrome, and carcinoma of the
small bowel.

PFirst- and second-degree relatives are parents, siblings, children, aunts, uncles, nieces, nephews,
grandparents, and grandchildren.

Abbreviation: HNPCC, hereditary nonpolyposis colorectal cancer.
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Age Under 50

Two studies have specifically examined the likelihood of identifying a Lynch
syndrome mutation in women with endometrial cancer under the age of 50. The
first study, by Berends et al., tested 63 women in Finland with endometrial
cancer under age 50 for germline mutations in MLH1, MSH2, and MSH6 (25).
The authors found an 8% (5/63) rate of finding a Lynch syndrome mutation, with
one MLH1, three MSH2, and one MSH6 mutation. Having a first-degree relative
with a Lynch syndrome-associated cancer increased the likelihood of finding a
Lynch syndrome mutation to 23% in these young women.

Our group recently published a prospective study of 100 women with
endometrial cancer presenting to three gynecologic oncology centers (26). We
found 9% (9/100) of the women had a Lynch syndrome mutation, with one
MLHI1, seven MSH2, and one MSH6 mutation. Two additional women had
molecular studies consistent with Lynch syndrome. Similar to the Berends study,
having a first-degree relative with a Lynch syndrome-associated cancer was
highly predictive of identifying a mutation. We also found that the mutation
carriers had a significantly lower body mass index (BMI) compared with the
noncarriers. The combination of a BMI greater than 30 and a negative family
history was highly predictive of not having a Lynch syndrome mutation in our
cohort of women with endometrial cancer under age 50. These data will need to
be confirmed in larger studies, but can be helpful to clinicians.

In a large, population based study of endometrial cancer performed in
Ohio, Hampel et al. reported that in the subset of 81 women under age 50, four
women (4.9%) were found to have a Lynch syndrome mutation (19). Overall,
these rates in endometrial cancer patients reported by Berends et al., Lu et al.,
and Hampel et al. are similar to those rates for patients with colon cancer under
age 50 (27). In summary, age under 50 years for women with endometrial cancer
can be a consideration for additional tumor studies to evaluate individuals for
Lynch syndrome.

Synchronous or Metachronous Cancers

A patient with endometrial cancer who has a history of colon cancer has a high
likelihood of having Lynch syndrome. Millar et al. studied 40 women who had a
history of both colon and endometrial cancer and found that 18% (7/40) had a
germline MLH1 or MSH2 mutation (28). Therefore, gynecologic oncologists can
use a history of colon cancer as a strong red flag for referring their endometrial
cancer patients to genetic counseling.

Our group was interested in determining whether women with Lynch
syndrome who have a history of both gastrointestinal and gynecologic cancer
developed their gastrointestinal cancer or their gynecologic cancer first. We
identified 117 women with Lynch syndrome who had both gastrointestinal and
gynecologic cancer and found that 16 women had the cancers diagnosed
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simultaneously, and of the remaining 101 women, 52 women (51%) were first
diagnosed with an endometrial or ovarian cancer and 49 women (49%) had a
colorectal cancer diagnosed first (21). In the group of women who had an
endometrial cancer first, there was a median time of 11 years before the diag-
nosis of the gastrointestinal cancer. Gynecologic oncologists clearly need to play
a crucial role in identifying an endometrial cancer patient as having Lynch
syndrome. In addition, there appears to be time to refer the patient to genetic
counseling and testing and subsequently to institute screening recommendations
to decrease colon cancer risk.

Synchronous endometrial and ovarian cancers are not uncommon and
occur in about 10% of all ovarian cancers and in 5% of all endometrial cancers.
Given that both endometrial and ovarian cancers are found in Lynch syndrome,
what is the likelihood that a patient with these cancers has a germline Lynch
syndrome mutation? Case reports such as the one reported above demonstrate
that patients with Lynch syndrome have been found to have synchronous ovarian
and endometrial cancers. However, no detailed studies have examined the
ovarian histologies in these cases, and overall, few studies have adequately
described the ovarian cancers in women with Lynch syndrome. Soliman et al.
examined a group of 102 women with synchronous ovarian and endometrial
cancers and found that only 7% met either clinical or molecular criteria for
Lynch syndrome (29). Therefore, a patient with synchronous endometrial and
colon cancers is much more likely than a patient with synchronous endometrial
and ovarian cancers of having Lynch syndrome.

Family History

The third red flag has to do with family history. In the revised Bethesda criteria,
one criterion includes an individual with colon cancer who has one or more
first-degree relatives with colon cancer or other Lynch syndrome-associated
cancer when one is under the age of 50. An additional criterion includes an
individual with colon cancer who has two or more first- or second-degree
relatives with colon cancer or other Lynch syndrome-associated cancer,
regardless of age. These criteria can reasonably be applied to women with
endometrial cancer.

Tumor Histology

In the revised Bethesda criteria, there are certain tumor histologies or tumor
characteristics for colon cancer that are associated with Lynch syndrome. These
include presence of tumor-infiltrating lymphocytes, Crohn’s-like lymphocytic
reaction, mucinous/signet-ring differentiation, or medullary growth pattern (23).
For Lynch syndrome—associated endometrial cancer, there are few studies
that have addressed this specific issue and it is unclear whether Lynch
syndrome-associated endometrial cancers exhibit these or other unique
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pathologic findings. In a larger clinical-pathologic study of 50 Lynch syndrome—
associated endometrial cancers by Broaddus et al., the distribution of stage and
histology mirrored that of the general population (30); 78% were stage 1, 10%
were stage 2, and 12% were stage 3 or 4. Eighty-six percent were of endome-
trioid histology with 44% of grade 1, 39% of grade 2, and 16% of grade 3.

Using Red Flags in Everyday Practice

In an individual who has young age of onset, synchronous or metachronous
colon and endometrial cancer and/or multiple individuals in a lineage with
Lynch syndrome-associated cancers, a gynecologic oncologist should strongly
consider referral of that patient to genetic counseling. In certain institutions,
molecular screening is currently being performed on the basis of clinical criteria,
including young age of onset. When an identified germline mutation is found,
predicted genetic testing can be performed in unaffected family members.
Screening and prevention measures for both colon and endometrial cancer have
been published by consensus groups. Later chapters in this book will discuss
methods for screening and prevention, including risk-reducing surgery for Lynch
syndrome-associated cancers.

OVERALL SURVIVAL

Do women with Lynch syndrome-associated endometrial cancer have an
improved or worse survival compared to those with sporadic endometrial can-
cer? A study by Boks et al. examined survival of endometrial cancer patients
who had Lynch syndrome and compared them with age- and stage-matched
women with sporadic endometrial cancer (31). The overall five-year cumulative
survival rates were similar, with 88% for women who had Lynch syndrome and
82% for women who had sporadic endometrial cancer. For Lynch syndrome—
associated colon cancer, overall survival appears more favorable (32,33). In
addition, there is data to support that 5-fluorouracil-based chemotherapy, which
is given for stage 2 and 3 colon tumors, may not be as helpful in patients with
MSI-H phenotype compared with patients whose tumors are microsatellite stable
(34,35). Clearly, additional studies are necessary to determine if endometrial
cancer associated with Lynch syndrome has a more favorable survival as com-
pared with sporadic endometrial cancer.

SUMMARY

While there has been much attention focused on BRCA1- and BRCA2-related
ovarian cancer in the gynecologic cancer community, there has been less
attention focused on Lynch syndrome-associated endometrial cancer. Under-
standing the red flags to identify women with endometrial cancer as having
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Lynch syndrome is crucial and can benefit the patient in preventing a second
cancer. In addition, by identifying a specific deleterious germline mutation in a
woman with endometrial cancer, unaffected family members have the oppor-
tunity to undergo predictive testing. Later chapters in this book outline the
management options for screening and prevention of endometrial cancer in these
high-risk, unaffected women.

CASE REPORT

TG is a 39-year-old female with a history of colorectal carcinoma who presented
with a new diagnosis of endometrial cancer. She was initially diagnosed at age
38 with a right-sided colorectal carcinoma after she presented with abdominal
pain and vaginal discharge. She underwent right hemicolectomy, appendectomy,
and resection of the terminal ileum.

After receiving standard chemotherapy, she continued to complain of
vaginal discharge. Six months after the completion of her primary chemotherapy
regimen, she underwent a screening Pap smear, which demonstrated adeno-
carcinoma. Subsequent endometrial biopsy confirmed diagnosis of high-grade
adenocarcinoma. At the time of her staging hysterectomy and bilateral sal-
pingoophorectomy, she was found to have stage 3C uterine papillary serous
adenocarcinoma with involvement of the para-aortic lymph nodes. She was
treated with a paclitaxel-based chemotherapy regimen.

Of note, TG fulfilled the Amsterdam II criteria for Lynch syndrome. Her
father died of colorectal carcinoma at age 52. Colorectal carcinoma was also
diagnosed in her paternal grandfather and paternal uncle at ages 59 and 35,
respectively. Finally, a paternal aunt had the diagnoses of both endometrial and
colorectal carcinoma. Germline mutation testing revealed a mutation in MSH2.

LEARNING POINTS

® Women with Lynch syndrome have an equal risk of developing colorectal
or endometrial carcinoma.

® Detailed family history should always be obtained in a woman who presents
with colorectal or endometrial carcinoma at age younger than 50 years.
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KEY POINTS

e Despite a negative preoperative work-up, occult malignancies are found in
2.3% to 17% of patients undergoing risk-reductive bilateral salpingo-
oophorectomy (average 5-6%).

* In patients with known BRCA mutations or at high risk for hereditary
breast and ovarian cancer who are undergoing risk-reduction surgery,
special attention should be paid to the pathological processing of speci-
mens. Pathology requisition forms should detail the clinical history and
request complete microsectioning of both ovaries and fallopian tubes.

e Early-stage fallopian tube cancers involving the distal fimbriated end
are diagnosed more frequently in asymptomatic women with BRCAI/
BRCA2 undergoing risk reduction surgery, suggesting a model of possible
tumorigenesis.
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INTRODUCTION

The purpose of this chapter is to describe the pathology of pelvic epithelial
malignancies associated with known mutations in the tumor suppressor genes
BRCAL1 and BRCAZ2. This discussion will address the following aspects of this
disease, including (i) histologic type, (ii) grade, (iii) stage, and (iv) distribution
and compare these parameters with sporadic pelvic carcinomas. Finally, we
detail recent advances in the detection of precursor lesions that have come to
light from studies of women undergoing prophylactic salpingo-oophorectomy.
For the purpose of this discussion, the term “pelvic (serous) carcinoma” is
preferred, but unless otherwise specified, is synonymous with the term “ovarian
carcinoma.” The term “BRCA positive (BRCA+)” refers to women with a
germline mutation in the BRCA1 or BRCA2 gene.

GENERAL ASPECTS OF BRCA MUTATION-ASSOCIATED
PELVIC CANCER

In the United States, epithelial ovarian cancer has the highest mortality rate of
any malignancy of the female genital tract (1). Most of these cases are diagnosed
at an advanced stage when the opportunity for cure is markedly diminished,
reflecting the absence of effective screening strategies. In the United States, the
average lifetime risk of developing ovarian cancer is approximately 1.4% (2).
This risk increases in women carrying germline mutations in BRCAI or 2 from
16% to 54% (3-6). Prior studies have demonstrated up to a 96% reduction in the
risk of ovarian cancer development in at-risk women undergoing prophylactic
surgery (7,8). Occult carcinomas will be identified in 2.3% to 17% of cases,
averaging 5-6% (7-15). The risk of developing pelvic cancer increases as a
function of age in these women, beginning around age 40 (16,17). Approxi-
mately 10% to 15% of women with pelvic serous carcinomas have germline
BRCA mutations. Some studies have recorded higher frequencies of BRCA
mutations in women with tubal and primary peritoneal carcinomas, although
most of the literature has similar prevalences of tubal and ovarian carcinomas in
both BRCA+ and BRCA— women (11-14).

HISTOPATHOLOGIC FEATURES AND STAGE OF PRESENTATION FOR
HEREDITARY PELVIC CANCERS

Ovarian epithelial carcinomas are subdivided into a wide range of histologic
types, the most common of which are serous, clear cell, endometrioid, mucinous
and, less commonly, transitional or mixed (18). These tumors can be divided into
two general groups according to their likelihood of being discovered in the
ovary. The first group includes mucinous, clear cell, and endometrioid carci-
nomas. They are strongly associated with an ovarian origin, presumably arising
in either inclusion cysts or endometriosis. These tumors are often associated with
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benign epithelial neoplasms. Endometrioid and mucinous tumors are also more
likely to be confined to the ovary at the time of presentation, not withstanding
some risk of bilateral involvement.

The second group includes serous carcinomas in which greater than 80%
of the carcinomas are discovered on the peritoneal surfaces when diagnosed.
Although some of these tumors appear to arise in benign ovarian lesions such as
endometriosis or benign cystadenomas, the majority are devoid of a tangible
starting point (Fig. 1). This fact has fostered theories that these tumors arise from
the ovarian surface epithelium or elsewhere, such as the fallopian tube or peri-
toneal surfaces (primary peritoneal carcinoma). This will be discussed further
below.

Figure 1 Origins of ovarian epithelial carcinoma. Epithelial inclusions in the ovarian
cortex (A) presumably are the source of many ovarian epithelial carcinomas. Endome-
trioid carcinomas arise within endometriotic cysts (B) and may have both low- (C) and
high- (D) grade histopathology. In contrast, many serous carcinomas involve the ovarian
surface at the time of diagnosis (E) and have already metastasized to the omentum (F), a
pattern characteristic of most malignancies associated with inherited mutations in the
BRCA1 or BRCA2 genes.
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Table 1 Comparison of Ovarian Carcinomas Associated with BRCA(4-) Women and
Either BRCA(-) Women or Population Controls

Parameter BRCA1 and/or BRCA2(+) BRCA(—) or controls
Serous carcinoma 63-86% 44-59%
Endometrioid carcinoma 6-12% T-14%
Mucinous carcinoma 0-6% 9-23%

Other carcinoma® T7-8% 6%

Grade 1-2 21-38% 38-40%
Grade 3 63-74% 48-58

Stage 1 12-17% 21-43%

Stage 1T 2-19% 8-17%

Stage II-1V 72-81% 40-71%

“Includes undifferentiated carcinomas and less common subtypes.
Source: From Ref. 19-22.

The frequency of individual tumor histotypes associated with BRCA+
women and controls is summarized in Table 1 and reveals two differences
between BRCA+ and sporadic carcinomas. Overall, in BRCA mutation—negative
women, the frequency of serous carcinomas ranges from 46% to 70%. The
balance consists mainly of endometrioid and mucinous tumors, which collec-
tively account for between 15% and 46% of ovarian carcinomas (19-21,23). In
contrast, serous carcinomas comprise 70% to 80% of BRCA+ malignancies, the
remainder distributed among clear cell and undifferentiated carcinomas. From
0% to 10% are classified as mucinous or endometrioid (19-23). The reader can
readily appreciate that the majority of epithelial malignancies associated with
BRCA+ women are of the type (serous) that is most poorly understood in terms
of pathogenesis.

In keeping with the fact that serous carcinomas are typically high-grade
malignancies relative to endometrioid and mucinous tumors, the proportion of
high-grade (grade 3) carcinomas in the BRCA+ group is significantly higher
than noncarriers (69-84% vs. 48—68%) (19-21,23). While several investigators
have reported high grade to be more frequent in BRCA+ than in BRCA- cases
(19-21,23), a minority have reported a similar distribution of grades between the
two groups (24,25).

Reports of difference in stage of disease also vary. Over 60% of BRCA+
and negative carcinomas present as stage III or IV, with values as high as 94%
for the BRCA+ group (19-21,23). In most series, ovarian cancers in the setting
of BRCA1/BRCA2 were diagnosed at a high stage (stage III and IV) more
frequently than those in patients without BRCA mutations (19,20,23,24).
However, two studies found no significant difference in ovarian cancer stage
between BRCA carriers and patients developing sporadic cancers (21,25).

In addition to the differences in histologic phenotype between malig-
nancies found in carriers and noncarriers of BRCA mutations, there is a
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difference in association with borderline serous ovarian neoplasms. Werness
reported 11 borderline tumors in 134 tumors from 79 non-BRCA families, in
contrast to none of 85 tumors from 47 BRCA1- or BRCA2-positive families
(Table 1) (19). Rubin et al. reported just three borderline tumors in their series
(22). Equally significant is the difference in proportions of borderline versus
malignant serous neoplasms associated with BRCA mutations. In one study,
4.3% of borderline and 24.2% of early-stage malignant ovarian carcinomas were
BRCA-+ (26) This is consistent with the association between borderline epi-
thelial tumors and malignancies of the mucinous and endometrioid phenotype
and further distinguishes the two patient groups.

BRCA1 mutations make up from 60% to 89% of all BRCA mutation—
associated pelvic cancers. There is no appreciable difference between the
pathology associated with BRCA1 versus BRCA2 mutations (19-21,23,27).

SITE OF ORIGIN FOR BRCA+ MALIGNANCIES

Current classification systems for designating the site of origin for serous carci-
nomas are inherently imprecise. A diagnosis of a fallopian tube carcinoma requires
the presence of an intraepithelial carcinoma and a prominent tubal tumor mass.
Tumors designated as ovarian or peritoneal must have the larger tumor masses in
these respective sites, primarily because, with the exception of occasional coex-
isting cystadenomas or endometriosis, precursor lesions have not been demon-
strated with any regularity in either to confirm the source of the tumor.

One of the most intriguing aspects of familial ovarian cancer is the
emerging paradox between the classification of malignancies that are symp-
tomatic versus those discovered incidentally in women undergoing risk-reduction
prophylactic salpingo-oophorectomy. Until recently, virtually all of the pelvic
malignancies of BRCA+ women described in the literature have been ovarian
(19,20,28). One study of a consecutive group of pelvic serous carcinomas
classified 90% as ovarian (28). However, beginning in the late 1990s, inves-
tigators reported occasional fallopian tube carcinomas in BRCA+ women. What
becomes apparent in analyzing the data is the sharp distinction between the sites
of origin depending on whether the cancer was symptomatic or asymptomatic at
time of diagnosis. Figure 2 illustrates the interesting contrast between three
studies of symptomatic women and three studies that focused largely on
asymptomatic women undergoing risk-reduction salpingo-oophorectomy (8-10).
Four recent studies of the latter totaled 352 cases in which the majority under-
went careful analysis of the ovary and fallopian tubes (8-10,17). Of these, 26
(7.4%) were found to have a malignancy, and of these, 19 (73%) were attributed
to the distal fallopian tube. The proportion of tumors designated as primary tubal
malignancies ranged from 60% to 100%. In summary, the majority of symp-
tomatic patients are diagnosed with ovarian cancer. In contrast, for asymptomatic
individuals, there is a preponderance of fallopian tube carcinomas.



34 Jarboe et al.

10075
90 1]
80 1]
7011
60 1]
501
40 1]
3011
20 1]
10 1]

ohla LM

S1 S2 S3 Al A2 A3

[ Ovary
BFT
H Perit

Figure 2 Effect of clinical presentation on classification of primary site. Differences in
classification of pelvic carcinomas detected in three studies each of symptomatic (S)
(19,20,29) and asymptomatic (A) (8,9,30) (i.e., following risk-reducing surgery) BRCA+
women. Small malignancies diagnosed in asymptomatic BRCA+ women typically
involve the fimbria and are classified as tubal rather than ovarian in origin, suggesting a
greater than expected origin in the distal tube.

INTRAEPITHELIAL CARCINOMA OF THE DISTAL FALLOPIAN TUBE

The obvious paradox between the observed frequency of symptomatic ovarian
cancers and asymptomatic tubal malignancies in women with germline BRCA
mutations might be explained by the location and dynamics of tumor develop-
ment in the fimbria. Recently, at least three reports have shown that virtually
every fallopian tube carcinoma documented in either BRCA+ or BRCA—- women
originates in or near the fimbria (8,30,31). The close proximity between these
fimbrial tumors and either the ovarian cortex or peritoneal surface will largely
explain how a tumor arising in the distal tube can be mistaken for a primary
ovarian or pelvic peritoneal malignancy once it has spread to these organs.
Central to this hypothesis is the existence of a noninvasive entity that is capable
of metastasizing without invading into the subepithelial stroma of the distal
salpinx. Such an entity, termed “(serous) tubal intraepithelial carcinoma”
(STIC), has been well documented in both BRCA+ and sporadic carcinomas and
is analogous to similar superficial serous carcinomas of the endometrium, which
are known to metastasize without stromal invasion (Fig. 3).

Colgan et al. originally described occult carcinoma in 5 of 60 (8.3%) high-
risk women undergoing prophylactic salpingo-oophorectomy (11). In two of
these cases (BRCA+), the occult carcinoma was present in the fallopian tube and
included one STIC (15). In both cases, the fallopian tubes were grossly unre-
markable. Paley et al. reported occult carcinomas in the fallopian tubes of two
BRCA+ women, including one STIC. Positive peritoneal cytology was present
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(A)

Mib1

Figure 3 STIC. Histopathology of STIC arising in a small focus in the distal fallopian
tube (boxed area) (A). Higher magnification discloses cytologic atypia and disorganized

growth (B), highlighted by a high p53 and Mibl- (proliferation) staining index (insets).
Abbreviation: STIC, serous tubal intraepithelial carcinoma.

in both cases (32). Leeper et al. detailed findings in 30 BRCA+ women
undergoing prophylactic surgery; the fallopian tubes had been extensively sec-
tioned in most cases. Five (17%) patients were noted to have occult cancers,
including three (10%) with primary lesions in the fallopian tube. In two cases,
the lesions were STICs, one of which was described in association with positive
peritoneal cytology. All of these women were asymptomatic and had unre-
markable preoperative workups (9). Agoff et al. described four cases of early
fallopian tube carcinoma in high-risk women undergoing prophylactic proce-
dures. Three patients had STICs, and two of these had positive peritoneal
cytology (33). These reports demonstrate the propensity of STICs to shed
malignant cells; thus, patients with STICs may be candidates for adjunctive
chemotherapy.

STICs are distinguished from normal salpingeal mucosa by one or more of
the following parameters that typify malignancy, including (i) epithelial strati-
fication, (if) loss of cell polarity; (iif) a more homogeneous appearance to the cell
population, with abundant and prominent nucleoli; (iv) a tendency for the nuclei
to become more rounded in appearance; (v) small fracture lines in the epithe-
lium; and (vi) exfoliation of small epithelial cell clusters from the surface, with
or without degenerative changes (Fig. 3) (34).
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Eighty percent of serous carcinomas exhibit accumulation of p53 protein in
the tumor cell nuclei, and a high percentage harbor mutations in the p53 tumor
suppressor gene, estimated to be altered in over 80% of cases (35,36). Conse-
quently, most tumors with these mutations accumulate mutated p53 and exhibit
intense nuclear staining with these antibodies (Fig. 3). Similarly STICs can be
identified by the accumulation of both p53 (a consequence of p53 mutations) and
Ki-67, a proliferative marker that is identified with the MiB1 antibody (37). The
significance of the latter will be discussed below. Typically, virtually every
tumor cell nucleus is positive for p53, excepting cases that have undergone
deletion mutations that preclude detection of the protein. Because the morpho-
logic features of STICs vary in degree, immunostaining with these biomarkers
occasionally is helpful in confirming the diagnosis. However, the pathologist
relies almost entirely on the conventionally stained slide to verify the presence of
STIC.

An anticipated question is whether STICs are really the origin of extratubal
pelvic serous malignancies or simply signify a second independent tumor with
no relationship to the ovarian or peritoneal neoplasm. Historically, the majority
of pelvic serous carcinomas are assumed to be monoclonal based on the presence
of the same p53 mutation(s) in tumors at different sites (34). Some tumors appear
to be multiclonal, however, this does not exclude the tubal hypothesis inasmuch
as multifocal STICs in the fimbria have been described (34,36). Recently, one
study profiling a series of STICs and coincident ovarian serous carcinomas
showed that in all cases a p53 mutation was shared between the two sites,
suggesting a causal relationship (36).

A CARCINOGENIC SEQUENCE IN THE DISTAL TUBE
(THE P53 SIGNATURE)

Why the fimbria is a preferred location for early tubal carcinogenesis is unclear.
The fimbria is exposed to the peritoneal cavity, is in close proximity to the
ovarian surface, and merges with the serosal mesothelium, forming a “Mullerian-
mesothelial” junction. This region also exhibits epithelial plasticity, often har-
boring reserve cells or nests of transitional metaplasia (Walthard cell rests).
Benign tumors, including serous cystadenomas and cystadenofibromas, also reside
in this site. Moreover, the same factors implicated in ovarian carcinogenesis,
such as ovulation, are in close proximity to the distal fallopian tube. It remains to
be determined whether topography imposes a greater degree of biologic or
“genetic stress” on the fimbrial mucosa in genetically susceptible individuals.
Numerous studies have attempted to identify a serous carcinogenic
sequence in the upper genital tract, specifically by identifying evidence of
molecular alterations in normal epithelium. This has been reported in the ovarian
surface epithelium or inclusion cysts in women with ovarian cancer and in the
endosalpinx, but without a universally accepted and readily identifiable pre-
cursor lesion (28,38,39). In a recent study, systematic p53 immunostaining of
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Figure 4 Histopathology of the “p53 signature.” These occur in benign-appearing epi-
thelium in the fimbria (A) and are defined as strong accumulations of nuclear p53 protein
(B) (left), often with p53 mutations. In contrast to tubal intraepithelial carcinomas, p53
signatures have a low proliferative (Mib1) index (C, compare with 3B). p53 signatures are
candidate early precursors to tubal carcinoma.

fallopian tubes from both BRCA+ women and women without a history of
pelvic cancer disclosed small linear p53-positive foci in the fimbria (37). These
foci, termed “p53 signatures,” were present in approximately one-third of
women from both groups. Importantly, p53 signatures share many features with
serous carcinomas in this site, including cell type involved (secretory), evidence
of DNA damage, and in many cases, reproducible p5S3 mutations (Fig. 4). p53
signatures localize to the same region of the tube (fimbria) that serous carci-
nomas are derived from, are more common in women with tubal carcinomas, and
in some instances, can be found in physical continuity with malignant epithe-
lium. Because of their association with STICs, p53 signatures are presumed to be
an early precursor.

A MODEL FOR PELVIC SEROUS CARCINOGENESIS IN THE BRCA+
WOMAN

On the basis of recent studies, a provisional (and somewhat theoretical) model
for high-grade serous ovarian carcinoma in the BRCA+ woman can be devel-
oped that takes into account the more recently proposed tubal pathway, which is
summarized in Figure 5 (34,37). This model does not exclude the ovary as a
source of pelvic carcinomas in BRCA+ women, via inclusion cysts or endo-
metriosis. Rather, this model is proposed as the most common pathway to
malignancy in the BRCA+ population, based on the data accrued from careful
examination of prophylactic oophorectomy specimens. Although endometrioid
carcinomas are occasionally seen in the distal tube in this population, p53
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Figure 5 Schematic of pathway to tubal carcinoma (highlighted by p53 immunostain-
ing). In this model, the p53 signature occurs commonly in women, irrespective of BRCA
status. However, progression to increased proliferation and ultimately intraepithelial
malignancy (TIC) or worse is more common in BRCA+ women. Thus, a preexisting
BRCA mutation (and possibly, additional BRCA mutations) ultimately functions as a
promotor in this system. Abbreviation: TIC, tubal intraepithelial carcinoma.

mutations may or may not be involved in the development of these tumors. We
concentrate on the pathway in Figure 5 because there is morphologic evidence to
support it. The initial phases of this pathway would be the same for all women
irrespective of BRCA status. The presence of a BRCA mutation would increase
the risk of completion of the pathway to the endpoint of malignancy.

The first step in this pathway would entail oxidative stress to the secretory
epithelial cells of the tube, leading to unrepaired DNA damage, cell cycle arrest,
and, in some, p5S3 mutations. Some of these events likely lead to cell death, while
others permit limited clonal expansion of the population containing p53 muta-
tions (p53 signatures). The next major step would be reinitiation of cell growth
by an unknown mechanism that overrides cell cycle arrest following DNA
damage, leading to proliferation producing a condition intermediate between a
pS3 signature and a frank malignancy. We have identified lesions in this cate-
gory but do not know the duration of this phase. The next step would entail
development of a tubal intraepithelial carcinoma, capable of escaping the tube
via exfoliation onto the pelvic or ovarian surfaces (and in some cases onto
endometrium) or directly invading of fimbrial submucosa.
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An appreciation of the above process brings to light at least five variables
that influence serous tumor development and spread, including the following:

1. Location of susceptible epithelium. Some ovaries have abundant inclu-
sions, others endometriosis, and others still exhibit minimal or no epithelial
activity. Because these are sites for tumor development, the mechanism(s)
by which they develop in these extraovarian sites is important (40).

2. Type of epithelium. There is an increasing body of evidence indicating that
target cell type has a major role in tumorigenesis (41). Moreover, the
molecular events that impose a risk of cancer are also cell type specific.
The evolution of endometrioid and low-grade serous and mucinous tumors
of the ovarian cortex involves a series of molecular events that are distinct
from serous carcinoma and are associated with a mixed rather than strictly
secretory cell type.

3. Genotoxic injury. The target epithelium, whether it is on the ovarian
surface or the fimbrial mucosa, must be exposed to a genotoxic insult
whether it is the result of ovulation, hormonal fluctuations, or carcinogen
exposure (42).

4. Risk factors for progression from precursor to early carcinoma. The domi-
nant known risk factor is a BRCA mutation. There is no consistent evidence
that the fallopian tubes or ovaries from BRCA+ women differ in their
appearance from controls. Preliminary evidence also indicates that the risk
of finding an early precursor (p53 signature) is similar in both BRCA+
women and controls (37). Thus, in this model, the BRCA mutation is a
mitigating factor in the evolution from precursor to carcinoma.

5. Patterns of tumor growth and expansion. Because serous tumors have a
high propensity for implantation and growth on the peritoneal surfaces, it
is likely that small tumors arising in the tube would explain a proportion of
tumors otherwise classified as ovarian or primary peritoneal (43). This is
supported by the outcome of early occult carcinomas in the tubes of
BRCA+ women (15). A similar argument could be made for tumors
arising on the ovarian surface, although a serous carcinogenic sequence in
this site is less easily demonstrated.

ARE BRCA+ PELVIC CANCERS DIFFERENT FROM SPORADIC TUMORS?

The knowledge gained from the recent studies of the fallopian tube in BRCA+
women has strengthened the hypothesis of the fimbria as the origin of the
malignancies in these women. However, the number of cases to date of early
carcinoma is too small to establish that every pelvic serous malignancy in
BRCA+ women arises in the distal fallopian tube. What is apparent, however, is
that the BRCA+ population is susceptible to a subset of serous malignances that
have a strong connection with the distal tube.
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In a consecutive series of pelvic serous carcinomas, the majority of which
did not have a documented BRCA mutation, Kindelberger et al. showed that
nearly three in four cases of presumed ovarian carcinoma involved the endo-
salpinx and nearly one-half contained a documented tubal intraepithelial carci-
noma (36). Similarly, Kindelberger et al. found that approximately one-half of
“primary peritoneal serous carcinomas” were associated with tubal intra-
epithelial carcinoma (36,44). This is a compelling evidence that a significant
proportion of serous carcinomas originates in the distal fallopian tube. This does
not exclude the ovarian cortex as a source of serous carcinomas but implies that
in the + population, this pathway is less prominent, either because of a lower
frequency of risk factors (such as endometriosis or cystadenomas) for primary
ovarian cancer development in these women or because the predominance of
factors promoting early tubal cancer in BRCA+ women renders this pathway
more conspicuous. In either case, studies of the distal fallopian tube in BRCA+
women will enable investigators to more efficiently define ovarian and tubal
pathways to pelvic serous cancer.

CLINICAL CONSIDERATIONS

Given the increased risk for pelvic serous carcinomas, BRCA+ women under-
going risk-reducing surgery should be counseled of the risk of discovering occult
malignancy and the need for further surgery for staging. The surgical specimens
of women with BRCA or other germline mutations that create a predisposition to
ovarian cancer who undergo risk-reducing surgery should undergo special
pathologic review. Ovaries and fallopian tubes that are removed prophylactically
from women in this high-risk population should be processed in their entirety
and examined closely not just for obviously neoplastic lesions but also for more
subtle morphological abnormalities of the surface epithelium or the epithelium
lining cortical inclusion cysts. The appropriate patient history and indication for
surgery should be communicated to the pathologist so that microsectioning of the
entire specimen is performed.

CASE REPORT

0.C. is a 60-year-old Caucasian woman who developed invasive breast cancer at
the age of 45. She has no known Ashkenazi Jewish ancestry. Her mother was
diagnosed with ovarian cancer at the age of 45 and colon cancer at age 74. A
paternal aunt and a sister of her paternal grandmother were diagnosed with
postmenopausal breast cancer (see pedigree). Approximately 14 years after her
diagnosis of breast cancer, she self-referred herself for genetic counseling.
Testing revealed a BRCA1 mutation.

At 32 years, a hysterectomy was performed for a history of endometriosis
and menorrhagia, but the ovaries were left in situ. Given her increased risk for
developing ovarian cancer, she was counseled and agreed to have a bilateral
salpingo-oophorectomy for risk reduction.
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Preoperatively, a pelvic ultrasound revealed a 1.1 x 1.2 x 0.8 cm right

ovary, and the left ovary was not visualized. A CA-125 level was less than 7.0 cm.
A laparoscopic bilateral salpingo-oophorectomy was performed. Final pathology
showed a high-grade carcinoma involving the epithelium of the right fallopian. A
pelvic washing was negative for malignant cells. She subsequently underwent a
staging procedure, which revealed no further disease.

LEARNING POINTS

Patients should be counseled preoperatively that occult malignancies are
found in 2.3% to 17% of patients (average 5—6%).

Patients should be consented preoperatively for a possible more extensive
surgery/staging if frozen section of suspicious lesions diagnoses a
malignancy.

Patients should be aware that further surgery/staging may be necessary at a
later date if final pathology reveals occult malignancy.

Predictors of occult neoplasia in women undergoing risk-reducing salpingo-
oophorectomy include those aged > 40 years and having a BRCAI/BRCA2
mutation (8).

Complete microsectioning of tubes and ovaries should be requested on all
high-risk specimens.
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KEY POINTS

Effective screening for ovarian cancer is limited by the low prevalence of
the disease in the general population, the uncertainty of a preclinical state,
and the unknown timeline of ovarian carcinogenesis.

The use of CA 125 as a screen for the early detection of ovarian cancer is
limited by the possibility of both false-positive and false-negative results.
Risk models with algorithms that include serial CA 125 measurements and
patient age or a combination of serum markers, which includes CA 125, may
be better predictors than CA 125 alone, and continue to be investigated.
Multimodal screening (CA 125 plus transvaginal ultrasound) may have
more utility in high-risk populations compared with low-risk populations.
However, BRCA-associated cancers may be fallopian tube or peritoneal in
origin, limiting the success of ultrasound detection.

CHALLENGES FOR AN OVARIAN CANCER SCREENING TEST

Ovarian cancer remains the most lethal gynecologic malignancy due in large part
to the advanced stage of disease at which patients are diagnosed. For the
minority of patients whose disease is localized to the pelvis, five-year survival
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rates approach 70% to 90%, and cure is a tenable goal of therapy. At present,
55% of patients present with advanced stage disease with five-year survival rates
of 35% to 50% (1). Early detection of ovarian cancer, therefore, is an important
goal to improve women’s survival.

Efforts to screen for ovarian cancer have been hindered by the relatively
low prevalence of disease, nonspecific symptoms, and uncertainty as to the
existence of a preclinical state that would allow for earlier disease detection. An
additional obstacle is the unknown timeline of ovarian carcinogenesis. The
natural history of ovarian cancer is not directly observable. The advanced stage
at which the majority of women present suggests that the disease has a rapid
course that challenges the concept of a predictable progression from early-stage
disease confined to the ovary to widespread metastasis. A stochastic model using
mathematic modeling and expert opinion were combined to approximate the
timeline of progression of ovarian cancer. Given the range of duration and the
coefficient of variation of duration for each stage of disease, this model esti-
mates that the sequence from preclinical state to stage IV disease is approxi-
mately 28.5 months. Given the best estimate of mean duration in each stage of
disease and median CA 125 values at clinical detection, the authors suggest
that approximately 44% of cases could be detected earlier using a yearly
screening program (2).

An ideal screening test or program should combine high sensitivity (the
probability of a test being positive in individuals with the disease) and high
specificity (the probability of a test being negative in those patients without the
disease). The screening tools should be inexpensive, noninvasive, and result in
the reduction of disease-associated morbidity and mortality. An increase in
sensitivity, by decreasing the cutoff value, will lead to a decrease in the spe-
cificity and vice versa. Specificity is a significant concern in screening women
for ovarian cancer, especially among high-risk women, because the majority of
women who test positive will require surgical intervention with its attendant
cost, morbidity, and anxiety. Neither patients nor physicians will accept a large
number of surgeries to detect a single ovarian cancer. For example, among the
general population for whom the risk of ovarian cancer is approximately 1.8%,
even a test with 98% specificity would result in 50 false-positive results with
potential surgical intervention to find a single case of ovarian cancer. A
screening tool for this population requires a 99.6% specificity to yield a positive
predictive value of 10% (10 surgeries to detect one ovarian cancer). By con-
vention, a 10% positive predictive value is considered reasonable justification
for a screening test (3). Lower specificity may be acceptable in high-risk pop-
ulations, such as BRCA mutation carriers, where the incidence of ovarian cancer
approaches 40%. In these populations, a test with 90% specificity would result in
a positive predictive value of 10% (4-6).
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AVAILABLE SERUM TUMOR MARKERS

To date a variety of ovarian tumor markers have been studied, but CA 125 has
been the most commonly reported in clinical practice. Since its discovery more
than 25 years ago, the CA 125 tumor antigen has been the standard for mon-
itoring the response of ovarian cancer patients to therapy and for surveillance in
recurrent disease. CA 125 is a monoclonal antibody directed against the CA 125
antigen, a glycoprotein expressed in coelomic epithelium during embryonic
development and in the majority of nonmucinous ovarian carcinomas. Only 1%
of 888 healthy people and 6% of 143 patients with nonmalignant disease had
serum level greater than 35 U/mL (7,8). The specificity of CA 125 is, however,
limited by numerous nonmalignant and malignant conditions that cause elevated
CA 125, including fibroids, endometriosis, menses, endometrial and breast
cancer. Age also affects specificity of CA 125. Higher specificity is achieved
using a CA 125 cutoff of 35 U/mL in women >50 years of age compared with
women <50 years, 98.5% versus 94.5% (9). Any disease that irritates the
mesothelium-derived surface (10) can cause an elevated CA 125, including
lupus, cirrhosis, congestive heart failure, diverticulitis, and pancreatitis (7). The
performance of CA 125 as a screening tool for early detection and risk prediction
has been limited by both false-positive and false-negative results (11).

The merit of CA 125 is the observation that mildly elevated values can
precede the clinical diagnosis of ovarian cancer by 10 to 60 months. A retro-
spective analysis of the JANUS serum bank collected up to 18 months before an
ovarian cancer diagnosis found that a reference CA 125 value of 30 U/mL had a
50% sensitivity to detect ovarian cancer (12,13). A single CA 125 value has a
positive predictive value of approximately 2% to detect ovarian cancer in
asymptomatic postmenopausal women (14-16). In one of the largest ovarian
cancer screening studies including 22,000 women, a single CA 125 value had a
sensitivity of 58% and a specificity of 98.5%. As such, CA 125 has not been a
very useful tool in screening for ovarian cancer to date (16).

One strategy to improve the early detection of ovarian cancer is a more
sophisticated approach to the measurement and interpretation of CA 125. The
CA 125 II radioimmunoassay has largely replaced CA 125 due to its better
correlation with CA 125 and lower false-positive rate. CA 125 II uses a high-
affinity antibody with enhanced resolution and a 50% reduction in the assay
variability (14).

Another potential refinement of CA 125 II is based on the observation that
CA 125 levels correlate with tumor volume and have been noted to rise expo-
nentially in the early phase of tumor growth. In contrast, CA 125 elevations due
to other nonmalignant causes would be expected to remain constant over time
(Fig. 1). The trend of serial CA 125 values over time would be expected to better
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Figure 1 CA 125 II levels of women with ovarian cancer versus women with benign or
no disease. Source: From Ref. 14.

identify women with occult ovarian cancer rather than single values. Skates
and colleagues tested this hypothesis by reanalyzing sera from a cohort of
175 women with initially elevated CA 125 who had participated in the Stock-
holm screening study of 5550 women over the age of 40. Elevated CA 125 levels
prompted more intensive follow-up, including additional CA 125 determinations
every three months. A group of 175 women matched by age were similarly
followed to partially blind the clinician to the CA 125 value. The serum bank
was combined with the Swedish Tumor Registry and the Hospitalization Reg-
istry to provide comprehensive follow-up and diagnoses for the study group of
women.

By analyzing the longitudinal CA 125 values on a log scale, a linear
regression line for each patient was created. The intercept is the best estimate of
the log(CA 125) at the initial screen, and the slope is the change from the
intercept over one year. A computer algorithm calculates the probability of
ovarian cancer by incorporating the normal distribution for the slope and
intercept of women with and without cancer and the known incidence of ovarian
cancer based on patient age. This method uses a scatter plot of slope versus
intercept to determine the likeliness of a point segregating the patients who have
cancer versus those who do not have cancer (Fig. 2). The ratio of these quantities
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Figure 2 CA 125 II slope versus intercept for the validation set. Source: From Ref. 14.

multiplied by the odds of ovarian cancer based on patient age result in the odds
of a patient having ovarian cancer. In this retrospective analysis, the risk of
ovarian cancer algorithm (ROCA) resulted in a specificity of 99.7%, sensitivity
of 83%, and a positive predictive value of 16% when tested in a separate vali-
dation set. A potential application of the ROCA strategy for ovarian cancer
screening would require that patients with initially elevated CA 125 values have
repeat measurements over a short period, although the ideal cutoff value might
be lower than the standard 35 U/mL depending on patient age (14).

The ROCA algorithm has been incorporated into the United Kingdom
Collaborative Trial of Ovarian Cancer Screening (UKCTOS), one of the largest
prospective randomized studies designed to recruit 200,000 postmenopausal
women (Fig. 3) (6). Study groups include 50,000 women monitored with CA 125
algorithm, 50,000 followed by annual ultrasound, and a control group of
100,000. The study is projected to follow women for seven years. Women in the
CA 125 arm are segregated into risk groups based on their CA 125 value: low-
risk women return for annual CA 125, intermediate-risk women return for repeat
CA 125 in three months, and high-risk women are directly referred for trans-
vaginal ultrasound. Results from the pilot study of 13,000 women confirmed that
the ROCA has high specificity and positive predictive value of 99.8% and 19%,
respectively; 144 women had elevated risk, based on an elevated initial value
(n=91) or arising value (n = 44) and 16 patients had surgery to detect 5 ovarian
malignancies (17).
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Figure 3 UKTCOS trial design. All women will be followed up for seven years via
“flagging” through the Office of National Statistics and via postal questionnaires. Source:
From Ref. 6.

Preliminary results of a prospective, multicenter screening trial in high-risk
women replicate the high positive predictive value of the ROCA in this popu-
lation; 2343 high-risk women have enrolled and 38 have had study indicated
surgery. ROCA identified two of the three incident cases in early stage and all
three of the prevalent cases for a positive predictive value of 13% and sensitivity
of 83%. The remaining three incident cases were found at prophylactic salpingo-
oophorectomy. Ongoing study combining ROCA possibly with additional
markers in larger populations is necessary to confirm these results (18).

An alternative algorithm that relies on serial CA 125 values has been used
in high-risk women in the Netherlands. In this model, the patient’s serial values
over a median of 12 months were analyzed by plotting the log of the relative
change in CA 125 from the serial visits plotted against the absolute CA 125
value. Each patient, therefore, acts as her own control. This model has obvious
advantages in a population of younger women whose menstrual cycle can
compromise the validity of a single threshold value. Cases, 388 women at
hereditary high risk for cancer and 370 age-matched controls had serial CA 125
values before surgery. The average age of 388 women at hereditary high risk in
this study was 40 years and 75% were premenopausal. The group included 89
women who had prophylactic bilateral salpingo-oophorectomy, of whom 60
were documented BRCA mutation carriers. CA 125 levels were generally higher
among premenopausal women, although both serial and absolute values pre-
dicted ovarian cancer. Dysplasia of the fallopian tube or ovary was predicted by
a CA 125 of 14 U/mL among prophylactic cases, although the overlapping range
of values limits the clinical significance of this finding. The authors concluded
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that CA 125 levels do not behave differently in women at high risk for ovarian
cancer compared with controls, and are similarly influenced by age and meno-
pausal status (11,19).

NOVEL TUMOR MARKERS

An alternative strategy is to develop novel markers that complement or replace
CA 125. A panel of markers seems a more logical approach given the hetero-
geneity of tumor marker expression seen in healthy women and in ovarian cancer
patients. Crump and colleagues characterized the behavior of five serum tumor
markers in a high-risk group of women for over six years of participation in an
ovarian cancer screening program. Serial measurements of CA 125, HER-2/neu,
urinary gonadotropin peptide, lipid-associated sialic acid, and Dianon marker 70/K
were measured during six years of follow-up of 1237 healthy high-risk women.
These markers have been shown to be elevated in other tumor types as well as
ovarian carcinoma. Substantial heterogeneity was observed among women in the
behavior of each marker, especially CA 125, and markers behaved independ-
ently. The observed independence of markers further supports the concept of a
panel of markers to enhance specificity and minimize the likelihood of false
positives (20).

Skates and colleagues combined CA 125 with other tumor markers, CA
15-3, CA 72-4, and macrophage colony-stimulating factor (M-CSF), used in
other solid cancers to test alternative statistical analysis models to enhance the
detection of early-stage ovarian cancer. The mixture discriminant analysis
(MDA) model most efficiently combined information using the markers to
improve preoperative detection of early-stage disease. The MDA model incor-
porates some of the variability of biomarker distribution of ovarian cancer, such
as tumor histology, and estimates the proportion of cancers of each histology.
By combining CA 125, CA 72-4, and M-CSF, the sensitivity for detection of
early-stage disease was 70% at 98% specificity (21).

One approach to identify novel tumor markers includes immunizing a
mouse with human ovarian carcinoma tissue to obtain tumor-specific antibodies.
Murine monoclonal antibodies have been made against mesothelin and M-CSF
to detect antigens in the sera of patients with ovarian cancer (22,23). Another
approach to finding potential biomarkers is the identification of genes that are
overexpressed in ovarian cancers compared with normal ovarian tissue using
microarray techniques. The WFDC2 (HE4) gene is amplified in ovarian cancer,
and HE4 protein serum levels were better able to discriminate benign from
malignant disease than CA 125 (24). Other promising candidate markers include
prostasin, human kallikreins, and osteopontin (25-28). Correlation between the
overexpression in tissue and the serum levels of the shed antigens in the cir-
culation requires further validation in larger prospective studies.

Part of the inconsistency in tumor marker expression among ovarian
cancer patients may result from the varied histology of ovarian carcinomas. CA
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125 tissue expression varies by histology and has more consistent expression in
serous and endometrioid carcinomas than mixed mullerian tumors or mucinous
carcinomas. Lu and colleagues (29) examined the role of histology in gene
expression in ovarian cancer. Using Affymetrix assays, they compared a group
of 42 ovarian cancers of different stages and histologies with five pools of
normal ovarian epithelial tissue scrapings. mRNA expression of the upregulated
genes using reverse transcription correlated well with array data and was further
confirmed using immunohistochemical staining of protein overexpression of the
upregulated genes in the ovarian carcinomas. A combination of three protein
markers CLDN3 (Claudin 3), CA 125, and MUCI1 were present in 157 of 158
cancers (99.4%), and all tumors demonstrated the combination of CLDN3, CA 125,
and vascular endothelial growth factor (VEGF). Claudins are part of a family of
membrane proteins that play a role in the cell’s tight junction permeability.

Another limitation of the CA 125 tumor marker is the clinical observation
that half of patients with early-stage disease and 20% of patients with advanced
stage disease have normal CA 125 levels (7). Preoperative serum levels of CA 125
do not necessarily correlate with CA 125 staining intensity within tissue (30). To
study markers that might complement CA 125, tissue microarrays from ovarian
carcinomas with little to absent CA 125 expression have been studied. Kallikrein 6,
10, osteopontin, and claudin 3 were expressed by 100% of the CA 125-deficient
ovarian carcinomas. A smaller subset of these nonstaining CA 125 ovarian carci-
nomas also expressed DF3, VEGF, MUCI1, mesothelin, HE4, and CA 19-9 (5,30).
Further correlation of potential biomarker expression in tumor tissue and serum
levels is necessary to develop an optimal panel of biomarkers.

Mor and colleagues examined serum samples from 86 women, including
28 healthy controls, 18 newly diagnosed, and 40 recurrent advanced stage ovarian
cancer patients using antibody screening microarray analysis. Of 169 proteins,
4 proteins, leptin, prolactin, osteopontin, and insulin-like growth factor, appeared to
distinguish controls from cancer patients. The four proteins were further evaluated
in a cross-validation study of 106 healthy controls and 100 patients with ovarian
cancer. While no single protein could reliably identify patients with cancer, the
combination of all four achieved a sensitivity, specificity, and positive predictive
value of 95%, with a negative predictive value of 94% (31).

Analysis of the serum proteins using mass spectrometry is the newest
technology that has been applied to screening for ovarian cancer. Mass spec-
trometry has been used to identify distinctive peptide patterns that can differ-
entiate women with ovarian cancer from healthy controls. Initial data suggested
that proteomic spectra correctly differentiated women with cancer from controls,
including women with early-stage disease (32). Subsequent investigation has
optimized techniques to sort artifact from tumor-associated proteins and has
further refined the algorithms used to analyze the protein spectra (5,6). More
recently, investigation has identified candidate serum proteins in ovarian cancer.
Kozak and colleagues (33,34) described a biomarker panel that correctly
identified 21 of 22 invasive ovarian cancers, including 10 of 11 early-stage
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cancers. Subsequently, the authors characterized the proteins as transthyretin,
B-hemoglobin, apolipoprotein Al, and transferrin. The biomarker panel im-
proved detection of ovarian carcinomas and specifically improved detection of
mucinous ovarian carcinomas compared with standard CA 125 testing. In a multi-
center case-control study of 153 ovarian cancer patients, serum proteomic expres-
sions were studied to identify potential biomarkers specific to early-stage ovarian
cancer. Results comparing early-stage disease patients to controls were analyzed
independently and cross-validated at two other centers. Three biomarkers were
identified: apolipoprotein Al, a truncated form of transthyretin (both downregulated
in cancer), and a fragment of inter-o-trypsin heavy chain H4 (upregulated in cancer).
The sensitivity of the three markers with CA 125 in a multivariate model was
superior to CA 125 alone, 74% versus 65% with a fixed specificity of 95% (35).

Current prospective trials are testing proteomic technology in an ovarian
cancer screening trial. Results from these studies will add to our understanding
of the best techniques to study proteomics and further the development of the
optimal panel of ovarian cancer biomarkers.

OVARIAN CANCER SCREENING IN THE LOW-RISK POPULATION

Thus far, few prospective, randomized studies of ovarian cancer screening have
demonstrated a decrease in mortality—the gold standard of efficacy for any
screening test in the general population of low-risk women. Jacobs and col-
leagues (36) conducted a prospective, randomized controlled study of multi-
modal screening using CA 125 and ultrasound in women at population risk.
Postmenopausal women were randomized to annual screening for three years
(10,958 women) using CA 125 as the primary screen versus control (10,997
women). In the screening group, 29 patients underwent surgery for abnormal test
results. Sixteen ovarian cancers were detected: 6 index cancers detected by the
first screen and 10 developed intercurrent ovarian cancers during eight years
of follow-up. Median survival for the 16 screen-detected ovarian cancers was
better than that of the 20 ovarian cancers in the control group, 72.9 months versus
41.8 months (p = 0.011), although the study was not adequately powered to
detect a reduction in mortality. Although more of the screen detected cancers
were early stage compared with the control group, there was no significant shift
in the stage of disease between groups.

Another ongoing study is the Prostate, Lung, Colorectal, and Ovarian
(PLCO) cancer trial in the United States. This prospective, multicenter,
randomized, controlled trial was designed to study the efficacy of screening for
ovarian cancer using CA 125 II and transvaginal ultrasound in a low-risk pop-
ulation. The screening arm included 39,115 women randomized to intervention
of CA 125 annually for six years and transvaginal ultrasound for four years
between November 1993 and December 2001. To date, 25,403 women have
completed the first four years of test requirements. Thus far, screening has
detected 63 of the 95 ovarian cancers diagnosed in women randomized to
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intervention; 1166 biopsies have been performed during the first four years of the
trial. Although the percentage of biopsies finding ovarian cancer rose from 3.5%
in the first year to 9.6% in the fourth year, the yield is still very low. Abnormal
ultrasounds led to more biopsies than abnormal CA 125 values. While most of
the cancers detected by abnormal CA 125 turned out to be advanced stage,
abnormal ultrasound results detected 10 of 13 early-stage ovarian cancers in
women with normal CA 125 tests. Abnormal ultrasound tests had a positive
predictive value of 0.54% to 0.99%, while abnormal CA 125 had a positive
predictive value of 2.4% to 4.4%.

Outcomes for the 39,000 unscreened women in the control arm remain
blinded, and investigators do not know how many cancers have been diagnosed
in these patients. In sum, 95% of the tests were normal and the majority of
patients were diagnosed with advanced stage disease. It is premature to deter-
mine the impact of ovarian cancer screening on mortality in the general popu-
lation based on these interim results. Therefore, the current ovarian cancer
screening guidelines outlined by the U.S. Preventative Services Task Force from
1996, stating that “routine screening for ovarian cancer using ultrasound, serum
tumor markers or pelvic examination is not recommended,” remains the best
practice of care (15,37).

OVARIAN CANCER SCREENING IN THE HIGH-RISK POPULATION

Current recommendations for BRCA mutation carriers include twice yearly
screening with CA 125 and transvaginal ultrasound, beginning between the ages
of 30 and 35 or 5 to 20 years earlier than the earliest age, if it is the first diagnosis
of ovarian cancer in the family (38-40). The timing of initiation of screening and
interval are largely based on expert opinion and common sense rather than any
clear understanding of the natural history of ovarian carcinogenesis (41). The
goal of screening is to detect more early-stage ovarian cancers and improve
patient outcome. Compliance with these guidelines to date has not conclusively
achieved either goal.

Several points of caution are necessary when interpreting the results
of some of the larger and more current screening trials in high-risk women
(Table 1). Studies have variable inclusion criteria, patient populations, and lack
comprehensive genetic testing for BRCA mutations. Earlier studies were ini-
tiated prior to development of current risk assessment tools used to quantify risk
of BRCA mutations, while other studies used modified criteria to identify high-
risk patients (42-45). Many studies draw from hereditary cancer clinics with
family members of patients with known mutations, while other studies draw
from self-referral populations. The definition of high-risk patients and corre-
sponding inclusion criteria in each study are different and include a family
history of ovarian cancer, a personal history of breast cancer, multiple first-
degree relatives with ovarian cancer, and patients with documented BRCA
mutations (19,46-52). The variable inclusion criteria affect the proportion of
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BRCA mutation carriers within each study that directly impacts the prevalence
of disease and performance of screening tools. Studies with the highest pro-
portion of documented BRCA mutation carriers (19,43,48,49,52-54) would be
expected a priori to have more ovarian cancers, which might improve the success
of their screening programs.

To date, only one study provides data regarding survival outcome for high-
risk patients with screen-detected ovarian cancer. Van Nagell and colleagues
recently reported the success of annual transvaginal ultrasound screening in
25,000 women to detect early-stage ovarian cancer. A family history of ovarian
cancer in a first- or second-degree relative was present in only 23% of patients,
and genetic testing was not routinely performed. CA 125, morphology indexing
and color Doppler were used as a second-tier tool following a persistent initial
ultrasound abnormality. Of the 364 patients with persistent abnormal screening
tests, 35 primary invasive cancers, 9 borderline ovarian tumors, and 7 cancers
metastatic to the ovary were detected. Nine women had ovarian cancer diag-
nosed within 12 months of a normal screening test. Transvaginal ultrasound had
a sensitivity of 85%, specificity of 98.7%, and a positive predictive value of
14%. Excluding nonepithelial and borderline cancers, more of the screened
patients had early-stage disease, 22 of 30 (73%), compared with 34% of historical
controls. Five-year survival rates were significantly better for screened patients
compared with controls, even when limiting analysis to invasive, epithelial cancers,
77.2% versus 48.7%, respectively (p < 0.001). Extrapolation of these findings to
high-risk women is difficult; however, the authors recommend that an increased
screening frequency for high-risk women would be more appropriate (46).

Another issue to consider in reported success of screening programs is to
distinguish between incident and prevalent cases of screen-detected ovarian
cancers. The value of screening may best be analyzed from incident cases given
that these ovarian cancers are detected during surveillance following a normal
prior screen. Prevalent cases would be expected to have more advanced stage
disease and a longer preclinical phase (41). Cases of occult cancer noted at the
time of prophylactic risk-reducing salpingo-oophorectomy (RRSO) should not
be included in the analysis. Ideally, only surgeries performed for diagnostic
purposes in the face of abnormal screening tests should be evaluated and used to
determine the positive predictive value.

On further inspection of the screen-detected ovarian cancers outlined in
Table 1, it is apparent that invasive, epithelial ovarian cancers are not the only
cancers discovered at surgery. While some data regarding exact histology may
be incomplete, 15 of the cancers identified were borderline (14) or granulosa cell
tumors (1). These tumors tend to present as stage I disease and are often
asymptomatic. Removal of these types of ovarian tumors would not generally be
expected to contribute much to the reduction in mortality from ovarian cancer as
compared with invasive, epithelial ovarian cancer based on the different natural
history of these entities. Further speculation regarding the possible benefit of
removing benign ovarian lesions that may progress to invasive ovarian
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carcinoma remains unknown. Limited data suggests that mucinous epithelial
ovarian carcinoma may progress through the histologic continuum of cys-
tadenoma to borderline to invasive carcinoma, although mucinous carcinomas
are much less common among BRCA mutation carriers (41,55,56).

The question remains as to whether patient survival will be dramatically
altered by the discovery of screen-detected ovarian cancers. Excluding the
borderline and granulosa cell tumors, the actual proportion of early-stage inva-
sive, epithelial ovarian cancers is similar to the distribution of disease seen in
nonscreened populations and would not be expected to significantly improve
patient survival. Of the 70 invasive epithelial ovarian carcinomas detected in
patients with screening, 17 (24%) patients had stage I/IIB disease (Table 2) (1). It
is possible that patients with screen-detected advanced stage disease have less
tumor burden than comparable advanced stage patients who present with
symptoms that may translate into better survival, but this remains to be seen.

Part of the challenge for early detection screening programs in high-risk
patient is the phenotype of BRCA-associated gynecologic carcinomas. BRCA
mutation carriers appear to have an increased risk of tubal and peritoneal
carcinomas, which may not lend themselves to early detection as readily as
ovarian cancer (44,57-59). The estimated incidence of primary peritoneal
carcinoma in the general population is approximately one tenth the frequency of
ovarian cancer. Among high-risk populations, the proportion of primary peri-
toneal carcinomas may be twice as high (57). Liede and colleagues calculated
the cumulative risk of primary peritoneal carcinoma to be 20% over 10 years for

Table 2 Summary of Early Detection in Ovarian Cancer Screening Trials

Number of Number of stage Number of Number of stage I/IIB
screen- I/IIB screen- screen-detected  screen-detected invasive
detected  detected ovarian invasive epithelial ovarian cancers
ovarian cancers (% of  epithelial (% of total invasive

Author cancers total cases) ovarian cancers epithelial cases)

Bourne (45) 7 6 (86) 4 2 (50)

Karlan (42) 6 3 (50) 4 1 (25)

Dorum (51) 16 6 (38) 12 2 (16)

Liede (44) 5 1 (20) 5 1 (20)

Scheuer (53) 5 2 (40) 5 2 (40)

Tailor (54) 11 7 (63) 6 2 (33)

Vasen (52) 5 0 5 0

Stirling (50) 10 4 (40) 9 3 (33)

Fishman (47) 10 0 10 0

Olivier (48) 3 1(33) 3 1(33)

Bosse (43) 1 1 (100) 1 1 (100)

Oei (49) 1 0 1 0

Hermsen (19) 5 2 (40) 5 2 (40)

Total 70 17 (24)
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BRCA1 mutation carriers on the basis of population frequencies in their study
(44). Of the 111 cancers described in Table 1, 19 (17%) were primary peritoneal
carcinomas. By convention, primary peritoneal carcinomas have minimal ovar-
ian enlargement with the majority of tumor distribution seen in the omentum and
peritoneal surfaces (42). Similarly, primary tubal carcinoma can present with
extensive disseminated disease with small tubal masses or lesions (60). As such,
a screening test like transvaginal ultrasound, which relies on the identification of
an adnexal mass as an early event in cancer progression, may have limited success.

Prospective trials with more uniform inclusion criteria are needed to
determine the best screening strategy for women at high risk for ovarian cancer.
A randomized study design that assigns this population of women to no
screening would be unethical. The optimal screening tools and screening interval
for high-risk women is unknown based on existing studies. Because the UKC-
TOS general population study excluded women at high risk of ovarian cancer,
there is a corollary UKCTOS for women with a lifetime risk of ovarian cancer
>10% called the U.K. Familial Ovarian Cancer Screening Study. This pro-
spective study includes annual CA 125 and transvaginal ultrasound, with four-
monthly sera sample collection for future retrospective analysis and discovery of
future biomarkers. Investigators hypothesize that a distinct familial ROCA index
will result from these analyses that can be validated in a prospective screening
program for high-risk women. Anticipated accrual should be complete by 2007
with study results available in 2012 (6,10).

The Gynecologic Oncology Group (GOG) is currently evaluating the
optimal strategies for risk reduction among women at increased genetic risk of
ovarian cancer. This prospective study (GOG #199) compares RRSO and lon-
gitudinal CA 125 screening. One goal of the study is to quantify the positive
predictive value and specificity of the ROCA based on every three month serial
CA 125 measurements and annual ultrasound for women who opt for surveil-
lance. To be eligible, patients must have a documented BRCA deleterious
mutation or a family or personal history that carries a high probability (>20%) of
carrying a BRCA mutation. Thus far, patient characteristics and genetic testing
history are known for 2503 of the 2593 evaluable patients, of whom 38% have
opted for RRSO. A longitudinal serum, plasma, and tissue repository will
facilitate future evaluation of promising new biomarkers in this cohort of high-
risk women. Between these two large prospective trials, certain progress will be
made to determine the optimal screening program, time to begin screening, and
interval between screens for high-risk women.

OVARIAN CANCER SCREENING PROGRAM ACCEPTABILITY
AMONG HIGH-RISK WOMEN

Screening programs have consistently reported high levels of acceptability and
compliance among high-risk women. Despite the inconvenience, anxiety, and
mild discomfort of pelvic exams and ultrasounds, patient dropout rates are less
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than 23% in longitudinal studies (6,18). Drawing on compliance rates in the
general population for annual mammography and cervical cancer screening, it
would appear that high-risk women are generally a highly motivated, proactive
population of women who are diligent in seeking out care.

A single institution study from MD Anderson Cancer Center examined
factors that were associated with the selection of risk-reducing strategies among
554 women who underwent genetic testing between 2001 and 2005. The
majority of women were Caucasian, 12.5% were Jewish, and 64% had a prior
history of breast cancer, of whom 74% were diagnosed before the age of 50; 387
(69.9%) of women opted for surveillance, 9.4% chose both mastectomy and
oophorectomy, and 5.4% had oophorectomy. Among the 132 BRCA mutation
carriers, 63% had prophylactic surgery compared with 32% of non-BRCA
mutation carriers. Factors associated with the selection of prophylactic surgery
were BRCA mutation, a history of breast cancer or previous breast biopsies, or
family history of ovarian cancer (61).

In a similar study, Schwartz and colleagues followed 289 women referred
for genetic testing due to family history and utilization of risk-reducing strategies
in the 12 months following genetic testing. Similar to the prior study, the
majority of patients were Causcasians (94%) and college educated (77%).
Seventy-nine patients had deleterious BRCA mutations and 27% of these women
opted for RRSO. Factors that predicted RRSO included a family history of
ovarian cancer, perceived risk of ovarian cancer, and baseline ovarian cancer
worry. The authors suggest that preexisting risk perception can strongly influ-
ence how patients interpret information provided at genetic counseling. Inter-
vention to correct inaccurate baseline risk perception should enhance the
outcomes and satisfaction with genetic counseling and testing (62).

Extrapolation of these findings to other patient populations in our society
may be limited by the underutilization of genetic testing and counseling and
unknown prevalence of BRCA-associated ovarian carcinoma among certain
ethnic groups. Studies have shown that factors associated with patient referral to
genetic testing include higher education, younger age at diagnosis of breast or
ovarian cancer, Jewish heritage, and a recent health care interaction with a
gynecologist rather than a primary care physician. African-Americans were less
likely to be referred for genetic counseling. The racial disparity was not
explained by the likelihood of a BRCA mutation, socioeconomic status, cancer
risk perception, or attitudes toward testing (40).

CONCLUSION

Despite many limitations, the early detection of ovarian cancer among high-risk
women is an important goal that mandates ongoing research and resources.
Significant progress has been made based on prior studies and experience
through improved clinical trial design and improved technology in biomarker
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discovery. With several, large prospective trials currently underway, we are
poised to better understand the ovarian carcinogenesis and to identify earlier
alterations in the molecular pathways that lead to ovarian cancer. Improved
detection of early-stage disease would have enormous implications for BRCA
mutation carriers, given their significant lifetime risk of developing ovarian
cancer, as well as the general population.

CASE REPORT

M.B., a 63-year-old female, presented to the high-risk ovarian screening clinic,
given her family history of a sister who was diagnosed with ovarian cancer at the
age of 66 and a niece who was diagnosed with breast cancer at the age of 40. On
her initial screening ultrasound, she was noted to have a slightly enlarged right
ovary with a normal CA 125. She opted to undergo a prophylactic total
abdominal hysterectomy and bilateral salpingo-oophorectomy (TAHBSO), at
which time she was diagnosed with occult stage IC ovarian cancer. After her
diagnosis, she proceeded with genetic testing and was found to have a BRCA1
variant of uncertain significance.

LEARNING POINTS

® The goal of ovarian cancer screening is detection of early-stage disease.

® Currently, ovarian cancer screening in many high-risk populations
involves serum CA 125 and transvaginal ultrasound every six months.

* CA 125 may be normal in up to 50% of patients with early-stage disease.
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KEY POINTS

* Given the difficulty in developing effective screening strategies, further
research into effective chemoprevention of ovarian cancer in high-risk
individuals is needed.

® Oral contraceptive use appears to modify the risk of developing ovarian
cancer in both high-risk and control populations.

® Chemoprevention with nonsteroidal anti-inflammatory drugs, acetaminophen,
and retinoid derivatives remains investigational.

INTRODUCTION

Ovarian carcinoma is the fourth leading cause of death from cancer in the female
population and the most fatal gynecologic malignancy. Approximately 70% of
patients with a diagnosis of ovarian carcinoma will present as stage III or IV.
Modern surgery and cytotoxic chemotherapy will produce a complete clinical
response in 70% of patients (1). However, the majority of patients will experience
relapse, and the response to “salvage” treatments is often brief (2). These results
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are not surprising as adjuvant therapy for most advanced stage solid tumors rarely
yields durable response rates. Therefore, treatment of advanced ovarian carcinoma
has yielded little improvement in long-term survival over the past 30 years.

This chapter will give a brief overview of ovarian cancer screening in the
general population and the historical observations on the pathogenesis of ovarian
carcinoma. Chemoprevention strategies for the general population and high-risk
populations will be discussed. Lastly, developmental models of spontaneous
ovarian carcinogenesis and experimental methods for evaluating chemo-
preventive agents will be explored.

OVARIAN CANCER SCREENING IN THE GENERAL POPULATION

Recognizing that therapeutic intervention of any advanced stage solid tumor is
unlikely to produce a durable cure rate, attention has been given to screening to
identify early-stage disease amenable to curative resection. The fundamental
flaw in this strategy centers on the relatively low prevalence of this disease in the
general population. As such, the effectiveness of any screening strategy will be
severely hindered by a low positive predictive value. Given an estimated prev-
alence of 50 cases per 100,000 population, a test with 99% specificity and 100%
sensitivity would yield only 1 in 21 women undergoing surgical intervention
with ovarian cancer (3). The screening trials performed to date would support
these problematic statistics. A representative study by Jacobs et al. used
screening with CA-125 and ultrasound in 22,000 subjects (4). These authors
identified 41 women with positive screening results, of which 11 were noted to
have cancer. Importantly, 70% of the identified cancers were stage III or IV.
Results such as these have led an National Institutes of Health consensus con-
ference to conclude that “there is no evidence available yet that the current screening
modalities of CA-125 and transvaginal ultrasonography can be effectively used
for widespread screening to reduce mortality from ovarian cancer ...” (3).

Strategies that focus on prevention may, therefore, provide the most
rational approach for meaningful reductions in deaths attributable to ovarian
carcinoma. Increasing knowledge of inheritable genetic lesions in cohorts of
patients allows for the identification of high-risk populations. Moreover, while
the molecular events leading to the development of ovarian cancer are unknown,
a carcinogenic pathway has been suggested that involves uninterrupted ovulation
in a growth-stimulating hormonal milieu, leading to increased probability of
genetic lesions and expansion of tumorigenic clones (5).

HISTORICAL PERSPECTIVES AND OBSERVATIONS

Pregnancy is a physiologic state associated with prolonged periods of anov-
ulation and accompanied by high levels of circulating progesterone. Epidemio-
logic studies have documented that multiparity is associated with decreased risk
of ovarian cancer (5). Specifically, compared with nulligravidous women with a
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relative risk of 1.0, women with a single pregnancy have a relative risk of 0.6 to
0.8, with each additional pregnancy lowering risk by about 10% to 15% (5).

Several studies have also shown a reduced risk of ovarian cancer with
the use of oral contraceptives (OCs) (Table 1). A reduction in risk is apparent
after only a few months usage, but the apparent protection is greatest among
long-term users (5). The reduction in the risk of women who have used com-
bination estrogen-progestin OCs for at least three years is approximately
40% (6). The reduction in risk appears to persist for a number of years after
discontinuation (6).

The proposition that environmental carcinogens may play a role in the
development of ovarian carcinoma is supported by data on the perineal use of
talc as well as surgical interventions that occlude the physiologic pathway
(i.e., the oviduct) from the environment to the ovary (5,7,8). Observational
studies have demonstrated a reduced risk of ovarian carcinoma following tubal
ligation and hysterectomy even when the ovaries are left in situ (5).

Historically, theories regarding the pathogenesis of ovarian carcinoma have
centered on the process of incessant ovulation. In theory, ovulation through the
epithelial lining of the ovary with subsequent repair occurs in a hormonal milieu
conducive to induction and growth of a dysregulated clone. If a patent oviduct
(pathway not occluded by hysterectomy or tubal ligation) is present, potential

Table 1 Oral Contraceptives and Risk of Ovarian Cancer

Author Date Cases Controls Relative risk 95% CI
Ness (11) 2001 727 1360 0.6 0.5-0.8
Siskind (12) 2000 794 853 0.57 0.4-0.82
Narod® (13) 1998 207 161 0.5 0.3-0.8
Vessey (14) 1995 42 N.S.b 0.3 0.1-0.7
Hankinson (15) 1995 260 N.S. 0.65 0.4-1.05
Rosenberg (16) 1994 441 2065 0.6 0.4-0.8
John (17) 1993 251 114 0.62 0.24-1.6
Parazzini (18) 1991 505 1375 0.7 0.5-1.0
Franceschi (19) 1991 971 2258 0.6 0.4-0.8
Parazzini (20) 1991 91 237 0.6 0.2-1.4
Gwinn (21) 1990 436 3833 0.5 0.5-0.7
CASH GRP (22) 1987 546 4228 0.6 0.5-0.7
Tzonou (23) 1984 150 250 0.4 0.1-1.1
La Vechia (24) 1984 209 418 0.6 0.3-1.0
Rosenberg (25) 1982 136 187 0.6 0.4-0.9
Cramer (26) 1982 144 139 0.11 0.04-0.33
Willett (27) 1981 47 464 0.8 0.4-1.5
Weiss (28) 1981 112 552 0.57 N.S.

“Study population comprises carriers of BRCA1 and BRCA2 mutations.
PNot stated.
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carcinogens could gain entry, thus influencing the carcinogenic potential of early
transformed cells. Incessant ovulation therefore increases the probability of
mutational events that lead to propagation of an initiated cell; this may lead to
additional events associated with the transformation to a clinically relevant cancer.
The proposed protective benefit of both pregnancy and the use of OCs has centered
on reduction of ovulatory events leading to decreased probability of genetically
damaged cells. However, recent investigations have suggested that progestins may
influence apoptosis leading to the demise of cells that are molecularly damaged and
thus may become malignant (9,10).

CHEMOPREVENTION STRATEGIES
Oral Contraceptives in the General Population

OCs have been demonstrated repeatedly to reduce the subsequent risk of ovarian
carcinoma in observational studies (Table 1) (11-28). Historically, the effect has
been attributed to reduction in the number of ovulatory events associated with
regular use of OCs. More recent data, however, suggest that the protective effect
of OCs may be more complex. An innovative study supporting the use of pro-
gestins as chemopreventive agents in ovarian carcinoma was recently published
by Rodriguez et al. In a randomized design, these authors examined the effect of
levonorgestrel on ovarian epithelium in 130 ovulatory macaque monkeys (9).
This progestin was administered for over 35 months, at the end of which the
animals were sacrificed and the ovarian epithelium was examined for apoptosis
using immunohistochemistical techniques. These authors demonstrated sig-
nificantly increased apoptotic cell counts in the ovarian epithelium of animals
exposed to progesterone and hypothesized that progestin-induced apoptosis of
the ovarian epithelium is responsible for the chemopreventive effect of OCs.
This idea is a deviation from the widely accepted theory that suppression of
incessant ovulation is responsible for reduced risk of ovarian cancer (9).
Moreover, they theorized that by increasing the apoptotic tendency of ovarian
epithelial cells that have incurred genetic damage, OC progestins may function
to enhance the apoptotic death of aberrant cells that are not yet neoplastic,
thereby decreasing the risk of ovarian cancer.

Several studies have suggested that the degree of protection is associated
with the duration of use of OCs (16,18,19,29-31). The length of protection appears
to be strongly correlated with duration of use. Prolonged risk reduction has been
reported when OCs are used longer than four to six years, and minimal benefit is
observed if its use is restricted to six months to two years (16,18,30,31). Moreover,
the protective benefit of OCs is diminished with time and returns to baseline
approximately 15 years after last regular use of OCs (16,18,19).

The influence of the estrogen/progestin content of a particular OC on
subsequent ovarian cancer risk is an issue that needs further study. Ness et al.
demonstrated identical risk reduction for OCs with high-estrogen/high-progesterone
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content when compared to low-estrogen/low-progesterone content pills (32).
However, a recent observational study by Schildkraut et al. suggested that low-
progesterone OC formulations were associated with a significantly higher risk
of ovarian cancer when compared with high-progesterone potency OC for-
mulations (33).

The protective effect of OCs would appear to be consistent across races as
John et al. demonstrated a reduction in risk of 0.6 in African-American women
with OC use of six years or more (17).

Oral Contraceptive Use in a High-Risk Population

One of the strongest risk factors for the subsequent development of ovarian
cancer is a family history of multiple affected members. Studies by Gross and
Schlesselman and Tavani et al. have demonstrated a risk reduction with OC use
in women with strong family histories (34,35). These results have led Tavani
et al. to suggest that five years of OC use in “high-risk” women can reduce
ovarian cancer risk to the level observed in studies of low-risk women and those
who never used OCs but have parity as a protective factor (35). Several studies
have been performed in women with known BRCA mutations. While an initial
study by Narod et al. of 207 women with confirmed BRCA1/BRCA?2 mutations
demonstrated a statistically significant risk reduction by 50% with OC use (13),
this finding was not confirmed in a subsequent study of 244 women by Modan
et al. where a risk reduction was present but not statistically significant (36).
Further studies have supported a reduction in risk from OC use in this high-risk
population. Whittemore et al. suggested that long-term OC use reduced the risk
of ovarian cancer among women who carry mutations of BRCA1 or BRCA2
(37). In their case (N = 147) control (N = 304) study, use of OCs for six years
was associated with an odds ratio of 0.62, although the confidence interval did
include 1.0 (0.35-1.09). The largest study to date involving women with dele-
terious mutations in BRCA1 or BRCA?2 is contributed by McLaughlin et al. (38).
These authors examined 799 carriers with a history of ovarian cancer compared
with 2424 control women. Use of OCs significantly reduced the risk of ovarian
cancer in carriers of BRCA1 mutation (OR = 0.56, CI = 0.45-0.71) and BRCA2
mutation (OR = 0.39, CI = 0.23-0.66).

Nonsteroidal Anti-inflammatory Drugs

Nonsteroidal anti-inflammatory drugs (NSAIDs) have generated significant
enthusiasm as chemoprevention agents, particularly in the area of colon carci-
noma (39). While some observational studies of ovarian carcinoma suggest a risk
reduction with the use of some NSAID derivatives, the rational for their use as
chemopreventive agents has been lacking. However, recent animal studies
examining the effects of NSAIDs on normal ovulation shed light into the
potential mechanisms that may be operative. Foremost, several classes of
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NSAIDs have been demonstrated to inhibit ovulation across multiple species of
vertebrates (40). Indomethacin appears to be a potent inhibitor of ovulation in a
dose-dependent fashion (40-42). In vitro analysis has suggested that interference
with local prostaglandins may interfere with apoptosis of surface epithelial cells
required for surface rupture of the dominant follicle (40). NSAIDs have also
been demonstrated to result in potent growth inhibition and apoptosis in ovarian
cancer cells (43). More recently, Roland et al. have suggested an association
between overexpression of COX-2 and subsequent loss of ovarian epithelial
basement membrane as a possible neoplastic precursor event (44). As such, these
authors postulate that the beneficial effect of COX-2 inhibition may prevent this
basement membrane loss.

Interesting evidence for an antigonadotropic effect in animals also exists
for acetominophen. Acetaminophen has a phenol ring, similar to estradiol, and
an acetyl group similar to progesterone, indicating a potential sex steroid
antagonist property (45). Evidence of this antigonadotropic property was sug-
gested by toxicology studies demonstrating uterine, ovarian, and testicular
atrophy in rats fed at 25,000 ppm (46). In this study, the frequency of ovarian
cysts was 23% in mice exposed to 3000 to 6000 ppm acetominophen compared
with 38% of mice either not exposed or minimally exposed (46).

Several observational studies have been performed focusing on the asso-
ciation of analgesic use and risk of ovarian cancer with inconclusive results
(Table 2). Cramer et al. demonstrated a trend toward reduced risk of 0.75 with at
least weekly use of aspirin over a six-month period, while Tavani et al. dem-
onstrated a reduced risk of 0.72 in “former users of aspirin” (45,47). One should
interpret these results with caution; however, as the 95% confidence intervals
included 1.0 and data from a study by Moysich et al. demonstrated no evidence
of reduced risk in aspirin users (48).

Table 2 Analgesic Utilization and Risk of Ovarian Cancer

Author/Analgesic Cases Controls Relative risk 95% CI
Moysich (48)

Aspirin 547 1094 1.0 0.73-1.39

Acetominophen 547 1094 0.56 0.34-0.86
Tavani (47)

Aspirin 749 898 0.72 0.35-1.47
Rosenberg (50)

Aspirin 780 2570 0.5 0.2-0.9

Acetominophen 780 2570 0.9 0.6-1.4
Cramer (45)

Aspirin 563 523 0.75 0.52-1.1

Ibuprofen 563 523 1.03 0.64-1.64

Acetominophen 563 523 0.52 0.31-0.86
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Epidemiologic evidence also exists for acetominophen. Cramer et al.
demonstrated a reduction of risk to 0.39 (95% CI, 0.21-0.74) when acetomi-
nophen was used on a daily basis (45). Similarly, Moysich et al. observed a risk
reduction of 0.32 (95% CI, 0.27-0.97) in women with “greatest frequency” of
use (48). Rodriguez et al. also reported a 45% lower death rate from ovarian
cancer in women using acetominophen daily; however, the confidence interval
included one (49). Reports suggesting a potential protective benefit of NSAIDs
are countered by a case-control study of Rosenberg et al. examining the potential
protective benefit of regular acetominophen use (50). These authors found little
evidence of an ovarian cancer risk reduction associated with this analgesic.
However, taken together, current data presents a rational argument for the
continued study of these agents in clinical and preclinical investigations.

Retinoid Derivatives

Theoretically, an agent used for chemoprevention should have the capacity to
cause cellular differentiation leading to apoptosis in an initiated cell destined
to become frankly malignant. Experimental evidence does exist for growth
inhibition and promotion of cellular differentiation by retinoid derivatives in
ovarian cancer cells. As such, in vitro experiments using retinoids in cancer cells
have demonstrated growth inhibition after application of all-trans-retinoic acid in
CAOQOV3 cells (51). Additionally, Caliero et al. and Brooks et al. have demon-
strated increased induction of cytokeratins in ovarian cancer cells when exposed
to retinoic acid, suggesting a role in the differentiation of cells (52,53). Finally,
Supino et al. exposed ovarian cancer cell lines to fenretinide and observed
apoptosis in A2780 ovarian cancer cells (54). The ability of retinoid derivatives
to prevent ovarian carcinoma is also suggested by an observational study by
Veronisi et al. and De Palo et al. (55,56). These authors reported a phase III trial
of fenretinide for the prevention of second breast cancers. Subgroup analysis
demonstrated a significantly lower incidence of development of ovarian cancer
in the treatment group. These results, however, must be interpreted with caution
to the limited number of ovarian cancer cases and the statistical pitfalls inherent
in subgroup analyses. These studies helped define the basis for a clinical trial
(GOG190) examining the tissue effects of administration of fenretidine in
women undergoing prophylactic oophorectomy due to high familial risk of
ovarian cancer. This study unfortunately closed secondary to poor accrual.

DEVELOPMENT OF MODELS OF SPONTANEOUS
OVARIAN CARCINOGENESIS

Rodent-Based Models

Investigators have attempted to develop epithelial ovarian cancer models in rodents.
The major problems, however, are that the ovarian cancer incidence is low, the
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cancers induced are not primarily of epithelial origin, the latency period of the
cancers is extremely long, or the carcinogen administration is time consuming
(i-e., requiring surgery or breeding of animals). A rodent model that overcomes
these problems would allow the rapid screening of new compounds for their che-
mopreventive activity and permit the measurement of biomarkers for the early
detection of this cancer. Recent work by Dinulescu et al. describes an intriguing
murine model of ovarian carcinogenesis incorporating a K-ras gene manipulation
that may be amenable to further study of novel compounds directed at preventing
ovarian carcinoma (57). Mice with activated K-ras are crossed with mice that have a
PTEN gene flanked by stretches of DNA targeted by recombinase. Following
injection of Cre recombinase construct into the ovarian bursa of these mice, with
resultant expression of K-ras and inactivation of PTEN, metastatic endometrioid
ovarian adenocarcinoma is observed.

Avian Hen Model

While studies investigating “induced” carcinomas have been performed, they are
hindered by biologic differences between induced and spontaneous tumor for-
mation. Identification of spontaneous ovarian carcinogenesis in the laying hen
(Gallus domesticus) may provide the answer to this dilemma. As detailed in a
report by Fredrickson, at a mean age of four years, 19% of hens had the spon-
taneous development of a histologically confirmed ovarian adenocarcinoma (58).
Fredrickson examined 466 hens with an age range of two to seven years (58).
This author noted an overall incidence of ovarian tumors of 32%. A trend toward
increasing incidence was noted with increasing age; 12% at mean age 3.9 years,
32% at mean age 4.2 years, and 50% at mean age 6.1 years. Histologic con-
firmation of adenocarcinoma was obtained. This finding is supported by the
pathologic investigation of 1000 chickens by Papsolomontos et al. where ovarian
adenocarcinoma was common in older birds (59). An attractive aspect regarding
these “model” tumors is that they arise spontaneously without use of exogenous
chemical carcinogens. Moreover, the postulated etiology giving rise to these
tumors is incessant ovulation (laying hens ovulate every 28 hours), recapitulating
the theoretical instigating event in human ovarian adenocarcinoma.

We have performed necropsy on 200 two-year-old hens. Of these hens,
nine were thought to have gross evidence of metastatic ovarian carcinoma and
ascites (60). These specimens were then submitted to a University of Alabama at
Birmingham pathologist for histologic review. Eight of nine specimens were
documented to be papillary serous carcinomas of the ovary. While the purpose of
this study was not to identify the absolute rate of ovarian cancer in two-year-old
hens, the 4% rate of grossly identifiable ovarian cancer in these young hens is
consistent with the report by Frederickson where the rate increases with the age
of the hen. Furthermore, the histologic appearance of these tumors is consistent
with a papillary serous adenocarcinoma that is similar in microscopic appearance
to human epithelial ovarian cancers. The most important finding in this study is
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the identification of known human ovarian cancer tissue biomarkers that are
reactive across species and can be detected in avian tumors. Cross-reactive
biomarkers included cytokeratin, AE1/AE3, EGFr, erbB-2, Lewis Y, CEA, and
TAG-72 (60). Using this model, a second study suggested decreased risk of
development of genital tract adenocarcinoma associated with decreased ovula-
tory activity induced by administration of Depo-Provera (61). In an animal
model of spontaneous ovarian carcinoma, manipulation of these biomarkers may
yield clues as to the etiology of ovarian carcinoma and the biologic effects of
preventive compounds. More importantly, alterations in biomarker expression
induced by chemopreventive agents in animal studies can then be targeted when
applied to human clinical trials of putative chemopreventive compounds.

EVALUATION OF CHEMOPREVENTIVE AGENTS IN INDIVIDUALS
AT RISK FOR OVARIAN CARCINOMA

To date, the precise precancerous lesion that subsequently undergoes malignant
transformation leading to the clinical syndrome of ovarian carcinoma has not
been identified. However, an important study by Salazar et al. yielded clues as to
what the early pathogenic changes might be leading to ovarian cancer in a high-
risk population of women (62). These authors examined the ovaries resected
prophylactically from 20 women deemed to be at high familial risk for the
subsequent development of ovarian cancer. As noted previously, the ovaries
from these patients demonstrated a statistically increased incidence of histologic
changes considered to be associated with the progression to carcinoma.

Important in the evaluation of tissues is the immunohistochemical assess-
ment of potential surrogate endpoint biomarkers that allow for the detection of
genetically induced cellular alterations that are associated with the development of
subsequent cancer. Markers that have potential utility include alterations in epi-
dermal growth factor, erbB-2, transforming growth factor, vascular endothelial
growth factor (VEGF), proliferation markers, and apoptosis assays. The value of
identification of these markers results from the ability to detect how putative
chemopreventive agents might affect them and, therefore, alter the course of
progression to cancer.

These concepts have been united in a clinical model to evaluate the effects
of chemopreventive agents on noncancerous ovarian epithelial tissues. In this
model, patients considered to have an increased risk for the development of
ovarian carcinoma by virtue of a documented genetic alteration or an inherited
“familial” risk are exposed to a chemopreventive agent prior to undergoing
prophylactic oophorectomy. The resected ovaries are then examined for mor-
phologic changes and biomarker alterations relative to “normal” control ovaries.
A feasibility study has been performed using this patient population (63).
Enrollment of patients was completed in 16 months. Of 29 eligible patients,
20 enrolled onto study. One patient from each group did not complete surgical
intervention. No significant differences were observed in the enrollment
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characteristics between the groups. No occult cases of ovarian cancer were
identified and no differences in the presence of follicular cysts, hemorrhagic
cysts, or inclusion cysts were noted on initial pathologic review. While the mean
serum VEGF levels obtained following administration of a COX-2 inhibitor
were lower than preadministration in five of six patients, statistical significance
in this difference was not observed (p = 0.359). However, this is most likely due
to the small number of serum samples available. Certainly, further studies in this
population are needed.

Current Clinical Practice of Chemoprevention
of Ovarian Cancer in High-Risk Populations

For patients who decline risk-reducing surgery, OC pills remain the most well
studied and effective chemopreventive agent to date. Given the current low-dose
formulations available today, OC should be offered to women at high risk for
ovarian cancer. However, in this high-risk population, risk of breast cancer must
also be considered and discussed with patients. In a matched case-control study by
Narod et al., use of OC in women with a germline BRCA1 mutation was associated
with a moderately increased risk of breast cancer (OR = 1.2, CI = 1.02—1.40) (64).
The associated risk increased among women with BRCA1 mutations if they used
OC for at least five years (OR = 1.20, CI = 1.11—-1.60); if they first used OCs
before 1975 (OR = 1.42, CI = 1.17-1.75); and if they used OC prior to age 30
(OR =1.29, CI = 1.09—1.52). For women with a BRCA2 mutation, there was no
association with an increased risk (OR = 0.94, CI = 0.72—1.24). However, the
data for BRCAZ2 carriers was limited and the confidence interval crosses one.

A study by Milne et al. found that there was no increased risk to BRCA1
carriers, but in fact a slightly decreased risk (OR = 0.22, CI =0.10-0.49, p < 0.001)
if the women used OC for at least one year (65). There was an increased risk in
BRCAL1 positive women, although not statistically significant for women who
used OC before 1975. Again, data from BRCA2 positive women must be
interpreted with caution, given the small numbers and inclusion of 1.0 in the 95%
confidence interval. In this population, OC use was associated with an OR of
1.02, CI of 0.34 to 3.09. Further studies of the association between OCs and
subsequent breast cancer risk in women with BRCA1 and BRCA?2 mutations are
necessary to clarify this issue.

CONCLUSIONS

To date, prevention of ovarian carcinoma represents an extremely neglected field
of study. However, continued developments in molecular biology, biologic
therapeutics, and pathogenesis/carcinogenesis are creating a solid rationale to
explore prevention as a rational approach to reduce deaths attributable to ovarian
carcinoma. It is our intention that by disseminating information regarding recent
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advances in the prevention of ovarian cancer, including chemoprevention, new
investigational endeavors will be stimulated.

CASE REPORT

C.P. is a 32-year-old gravida 0 with a known BRCA2 mutation and no personal
history of cancer. She initially presented for genetic counseling two years ago
after a sibling was diagnosed with a BRCA2 mutation. Her father was diagnosed
with breast cancer at age 72. Two of her four sisters had premenopausal breast
cancer, diagnosed at the age of 44 and 48, respectively. No other relatives on her
paternal or maternal side have a history of cancer.

C.P. had menarche at age 18 and a past history of four years of oral
contraceptive use. Prior to the knowledge of her BRCA status, she performed
monthly self-breast examinations and had yearly mammography and clinical
breast and pelvic examinations.

C.P. was counseled that bilateral salpingo-oophorectomy would reduce
breast cancer risk by 50% as well as reduce ovarian cancer risk by greater than
90%. As she desired to retain her childbearing potential, C.P. opted not to
undergo risk-reductive surgery, declining bilateral salpingo-oophorectomy. She
was further counseled regarding chemoprevention strategies, but she chose the
option of risk reduction through oral contraceptive pills.

LEARNING POINTS

® Although the greatest reduction in risk of developing ovarian cancer comes
from a bilateral salpingo-oophorectomy, for patients who decline surgery,
chemoprevention with oral contraception pills is currently the most
effective option.

® The use of low-dose oral contraceptive for five years or less has not been
associated with an appreciable increase in the risk of breast cancer in
carriers of BRCAI/BRCA?2.
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KEY POINTS

A risk-reducing salpingo-oophorectomy reduces the risk of ovarian cancer
by 85% to 90%.

A risk-reducing salpingo-oophorectomy reduces the risk of breast cancer
by 40% to 70%.

The risk of developing primary peritoneal cancer after a risk-reducing
salpingo-oophorectomy is 1% to 6%.

Surgical technique should remove the entire fallopian tubes and ovaries.

The surgical team must communicate the indication for surgery to the
pathologist to ensure complete and serial sectioning of the ovaries and
fallopian tubes to rule out occult cancers.

Hysterectomy may be performed as part of the risk-reducing surgery.
However, no cases of fallopian tube cancer developing within the intra-
mural (uterine) segment of the fallopian tube have been reported.
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INTRODUCTION

Heritable mutations in one of the BRCA genes cause approximately 8% to 13%
of epithelial ovarian cancers (1-3). Women with mutations in BRCAI have a
35% to 60% chance of developing a BRCA-associated gynecologic (ovarian,
fallopian tube or primary peritoneal) cancer by age 70, corresponding to a rel-
ative risk of 30 to 45 times that of women in the general population (4-6).
Similarly, women with mutations in BRCA2 have a 10% to 27% chance of
developing a BRCA-associated gynecologic cancer by age 70, corresponding to a
relative risk of 6 to 20. Women with mutations in either of these genes are also at
tremendously increased risk of breast cancer, with 56% to 84% of mutation
carriers developing breast cancer by age 70 (4-7). Over the past decade, a great
deal has been learned about the efficacy of risk-reducing strategies in women
with an inherited predisposition secondary to a mutation in one of these genes.
Unfortunately, currently available ovarian cancer screening modalities have not
proven to be effective for women with an inherited risk of ovarian cancer. While
chemoprevention with oral contraceptives may reduce the risk of ovarian cancer,
both the incomplete prevention conferred against ovarian cancer as well as
possible deleterious impact on breast cancer risk limit their use as a risk-
reduction strategy in isolation. Given these issues, risk-reducing salpingo-
oophorectomy (RRSO) has become one of the cornerstones of risk reduction for
women with an inherited risk of ovarian cancer and should be considered in all
women who harbor a deleterious germline mutation in BRCAI or BRCA2. In this
chapter, the sentinel studies supporting RRSO will be reviewed as well as the
salient issues surrounding both pre- and postoperative counseling.

THE HISTORY BEHIND RISK-REDUCING SALPINGO-OOPHORECTOMY

From a historical perspective, the role of salpingo-oophorectomy in breast cancer
prevention and treatment long predates its role in ovarian cancer prevention. In
1889, salpingo-oophorectomy was first suggested for breast cancer treatment by
the German surgeon Schinizer. Reports of the procedure first being performed,
however, did not surface until seven years later [reviewed by Love and Philips
(8)]. In 1968, Feinleib reported that premenopausal oophorectomy decreased
subsequent breast cancer occurrence (9), and in 1982, Brinton proposed that
prophylactic oophorectomy may be beneficial in reducing breast cancer risk in
women with a strong family history of the disease (10).

The notion of oophorectomy to prevent the development of ovarian cancer
was first proposed in 1950 by a pathologist, A.F. Liber (11). He described a
family of a mother and her five daughters who all developed pathologically
confirmed ovarian cancer and suggested that other family members may want to
consider oophorectomy before ovarian cancer could develop. Over the next
30 years, oophorectomy was commonly performed in women with a family
history of the disease. In 1982, however, Tobacman reported on a series of three
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women from 16 families who developed disseminated adenocarcinoma histo-
logically indistinguishable from ovarian cancer (now referred to as primary
peritoneal cancer) after undergoing prophylactic oophorectomy due to a strong
family history of the disease (12).

Following this initial report, in 1993, Piver et al. analyzed data from 931
families with at least two first- or second-degree relatives with ovarian cancer. In
this series, Piver and colleagues found six cases of primary peritoneal cancer
after prophylactic oophorectomy in 324 women who had undergone the proce-
dure (13). In 1995, Struewing reanalyzed data from Tobacman’s 16 hereditary
ovarian cancer families and examined the incidence of cancer in the first-degree
relatives of the individuals with ovarian cancer and compared this to the inci-
dence of ovarian cancer that would be expected in the general population (14). In
this study, Struewing demonstrated a 24-fold increased risk of ovarian cancer in
436 women who had not undergone oophorectomy compared with a 13-fold
increased risk of “ovarian” cancer in 44 women who had undergone oopho-
rectomy. Importantly, this was not a statistically significant difference.

In 1997, the Cancer Genetic Studies Consortium reviewed the available
evidence and stated, “There is insufficient evidence to recommend for or against
prophylactic oophorectomy as a measure for reducing ovarian cancer risk.
Women with BRCAI mutations should be counseled that this is an option
available to them. Those considering prophylactic oophorectomy should be
counseled that cancer has been documented to occur after the procedure” (15).

RISK-REDUCING SALPINGO-OOPHORECTOMY
IN BRCAT AND BRCA2 MUTATION CARRIERS

With this background, a group from Memorial Sloan-Kettering Cancer Center
(MSKCQC) initiated a prospective follow-up study to ascertain the efficacy of
RRSO in individuals with deleterious BRCA mutations (16). From 1995 to 2001,
173 women with a germline mutation in BRCAI or BRCA2 who were 35 years of
age or older and had ovaries in situ were enrolled onto one of three prospective
follow-up studies. Of these 173 women, 101 (58%) elected RRSO, a median of
3.6 months after receiving the results of genetic testing, while 72 (42%) chose
surveillance. At the time of RRSO, three patients were found with occult ovarian
(2) or fallopian tube (1) cancers. After excluding these women from the actuarial
analysis, during two years of follow-up, one peritoneal and three breast cancers
were diagnosed in the 98 women who underwent RRSO (at 16.3 and a mean of
10.3 months after RRSO, respectively). This was compared to five BRCA-
associated gynecologic and eight breast cancers in the 72 women electing surveil-
lance. In this series, RRSO was associated with a 75% reduction in the combined
risk of breast and gynecologic cancer (HR = 0.25; 95% CI, 0.08-0.74) (16).
Concurrently with this report, a retrospective study from the Prevention
and Observation of Surgical Endpoints (PROSE) study group also demonstrated
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Table 1 Studies Evaluating the Impact of Risk-Reducing Salpingo-Oophorectomy on
Breast or BRCA-Associated Gynecologic Cancer Risk in Carriers of BRCAI and BRCA2

Mutations
Gynecologic
Study Design N (RRSO) cancer Breast cancer
Kauff et al. (16) Prospective 98 HR = 0.15 (95% HR =0.32 (95%
NEIM 2002 CI, 0.02-1.31) CI, 0.08-1.20)
Rebbeck et al. (17)  Retrospective 259 HR = 0.04 95% HR =0.53 (95%
NEJM 2002 CI, 0.01-0.16) CI, 0.33-0.84)
Rutter et al. (18) Retrospective 251 OR = 0.29 (95%
JNCI 2003 CI, 0.12-0.73)
Eisen et al. (19) Retrospective 1439 OR = 0.46 (95%
J Clin Oncol 2005 CI, 0.32-0.65)
Domchek et al. (20) Prospective 155 HR = 0.11 95% HR =0.36 (95%
Lancet Oncol 2006 CI, 0.03-0.47) CI, 0.20-0.67)
Finch, et al. (21) Combined 1045 HR = 0.20 (95%
JAMA 2006 CI, 0.07-0.58)
Kauff et al. (22) J Prospective 509 HR = 0.12 (95% HR =0.53 (95%
Clin Oncol 2008 CI, 0.03-0.41) CL, 0.29-0.96)

Source: Adapted from Ref. 23.

that RRSO was associated with a significant reduction in both breast (HR =
0.47; 95% CI, 0.29-0.77) and BRCA-associated gynecologic cancer (HR = 0.04;
95% CI, 0.01-0.16) (17). Of the 259 individuals in the surgery group, two
patients developed primary peritoneal cancer following salpingo-oophorectomy,
compared with 58 ovarian or primary peritoneal cancers developing in 292
controls who did not undergo risk-reducing surgery. Since the time that these
two studies were reported, at least five additional studies have been published
describing the impact of RRSO on subsequent BRCA-associated cancer risk
(18-23). These are summarized in Table 1.

Surgical Technique

While limited direct evidence exists regarding the impact of RRSO on life
expectancy, decision analyses reveal an incremental increase in life expectancy
of 2.6 years for BRCA mutation carriers who undergo this procedure (24).
Furthermore, RRSO can be performed laparoscopically in most patients, with
discharge home occurring the same day in the majority of cases. Further
advantages of a minimally invasive approach include decreased recovery time
and morbidity as well as potentially less adverse impact on body image. In most
cases, it is therefore reasonable to start the procedure using a laparoscopic
approach. Conversion to a minilaparotomy may occur in the event of technical
difficulties due to significant adhesions or body habitus. Similarly, an open
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approach would be required if cancer is discovered. Patients who undergo a lap-
aroscopic RRSO should receive preoperative counseling regarding the potential
need for conversion to laparotomy. This discussion as well as the subsequent risk
of primary peritoneal cancer, namely 1% to 6% after RRSO, should be clearly
documented in the surgical consent. The incidence of surgical complications,
including bleeding, infection, and injury to surrounding organs such as bowel,
bladder, and ureters, is low (16). These risks and benefits should all be thoroughly
discussed with patients prior to the surgical procedure.

On entering the abdomen, pelvic washings should be taken for cytologic
evaluation. Malignant cells have been discovered in pelvic washings from
patients undergoing RRSO. In one report, one of 35 women undergoing RRSO
had positive cytology even when no primary ovarian cancer could be identified
on detailed sectioning of the entire surgical specimen (25). Additionally, as the
entire ovaries and fallopian tubes are at risk for malignant transformation, it is
imperative that all of the at-risk tissue be removed. The ovarian vessels should be
transected at least 2 cm proximal to the ovary. This requires opening the pelvic
sidewall peritoneum to expose the retroperitoneal space, identifying the ureter
and isolating the infundibular pelvic ligament that contains the ovarian blood
supply. Any adhesions also need to be carefully excised. Such a technique is
necessary to minimize the possibility of an ovarian remnant (26). While there are
no documented reports of the development of ovarian cancer in an ovarian rem-
nant in a BRCA mutation carrier, there are at least five reports in the literature of
ovarian cancer occurring in an ovarian remnant after oophorectomy (27-31).

Similarly, during an RRSO, as much of the fallopian tube as possible needs
to be removed. Controversy exists as to whether this requires concomitant
removal of the uterus, as a small intramural portion of fallopian tube will be left
within the uterine cornua if a hysterectomy is not performed. While this residual
fallopian tube tissue is at theoretic risk for malignant transformation, this has
never been reported to occur following RRSO in a BRCA mutation carrier (23).
Additionally, in the largest clinical-pathologic study of fallopian tube cancers to
date, 92% of cancers for which the origin could be identified originated in the
distal or mid-portion of the tube (32).

Hysterectomy at the Time of RRSO

An unanswered question is whether women with BRCA mutations should have a
concurrent hysterectomy at the time of RRSO. Regarding the aforementioned
issues related to the residual intramural fallopian tube at the uterine cornua, there
have been no reported cases of malignant transformation. Additionally, in the
largest series of primary peritoneal carcinomas occurring after bilateral salpingo-
oophorectomy (BSO), all six peritoneal cancers occurred after BSO was per-
formed in conjunction with hysterectomy (13). Other arguments for concomitant
hysterectomy at the time of RRSO include (i) simplifying hormone replacement,
(if) eliminating the possible increased risk of endometrial cancer associated with
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tamoxifen use in BRCA mutation carriers, and (iii) eliminating the possible
increased risk of serous carcinoma of the uterus in BRCA mutation carriers.

While hormone replacement therapy (HRT) after hysterectomy with
RRSO may only require estrogen as opposed to estrogen plus progesterone, no
data is available in BRCA mutation carriers regarding differences in efficacy,
tolerability, or impact on subsequent breast cancer risk of one hormone
replacement regimen over the other (23). Additionally, it is not clear if it is
appropriate to extrapolate from the results of the Women Health Initiative (WHI)
trials, as there is ample reason to suggest that HRT use in women at an inherited
risk undergoing a premature surgical menopause may have significantly different
effects than HRT use in asymptomatic women in their 60s taking these medi-
cations for possible cardioprotective benefit.

Several studies have assessed the incidence of endometrial cancer in BRCA
mutation carriers in an attempt to address the question of whether or not hys-
terectomy should be performed at the time of RRSO. Results, to date, have been
inconclusive. One epidemiologic study found a 2.6-fold increase in endometrial
cancer risk in BRCAI mutation carriers (33). Another study from MSKCC,
however, found no increased prevalence of BRCA mutations in 200 Ashkenazi
Jewish endometrial cancer patients (34). A recent case-control study suggested
that BRCA mutation carriers harbor an increased risk of endometrial cancer
primarily in association with tamoxifen use (35). However, limitations of this
report include that two of the four BRCA mutation carriers who took tamoxifen
and developed endometrial cancer took the medication for 8 to 13 years, which is
substantially longer than that recommended in current practice.

Recently, a report out of Israel has suggested an association between
BRCA mutations and serous carcinomas of the uterus (36). However, a Canadian
study including 56 women with serous carcinoma of the uterus could not confirm
this association (37).

In sum, hysterectomy may be reasonable at the time of RRSO, but, based
on current data, is definitely not required. While some assert that the morbidity
between laparoscopic BSO and laparoscopic-assisted vaginal hysterectomy, for
example, is minimal, a study from Duke revealed the largest predictor of compli-
cations with laparoscopic procedures was the inclusion of hysterectomy (38).
Whether the potential morbidity outweighs the unproved benefits remains to be
seen. Women with mutations considering RRSO should be apprised of the relative
risks and benefits and make an informed decision in concert with their surgeon (39).

Pathologic Evaluation of RRSO Specimens

Some reports have described occult invasive cancers in 2% to 10% of BRCA
mutation carriers who undergo RRSO (16,17,40-42). Additionally, as previously
noted, malignant cytology has been found in peritoneal washings from women
undergoing RRSO, even in the absence of occult ovarian or fallopian tube cancer.
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This data supports serially sectioning the entire ovary and fallopian tube in 2- to
3-mm sections. It is also critical to communicate with the pathologist that the
specimens are from an RRSO. When specimens are obtained laparoscopically,
they should not be morcellated, but rather placed in a laparoscopic bag for
retrieval. This preserves the ovarian and fallopian tube tissue for sectioning by
the pathologist.

Management Following RRSO

An important issue following RRSO is the treatment of the effects of premature
surgical menopause, including vasomotor symptoms, vaginal dryness and
increased bone loss along with the potential impact of surgical menopause on
libido, mood, sleep, and cardiovascular disease risk. While some of these issues
may not impact oncologic outcome or life expectancy, in one report, sexual
symptomatology was the most important predictor of satisfaction with the
decision to undergo RRSO (43).

For women without a personal history of breast cancer, short-term systemic
HRT may be an option. Rebbeck et al. studied the effect of HRT on post-RRSO
breast cancer risk reduction in women with BRCA mutations. While use of short-
term HRT following RRSO was associated with a nonsignificant increase in breast
cancer risk compared with no HRT use (HR = 1.35; 95% CI, 0.16-11.58), patients
who used HRT had a profound reduction in subsequent cancer risk compared with
women who did not undergo RRSO (HR = 0.37; 95% CI, 0.14-0.96) (44). The
authors caution, however, that a larger sample size with longer follow-up is
necessary to further examine the interplay between RRSO and HRT.

Given the results of the Hormonal Replacement Therapy After Breast
Cancer—Is It Safe (HABITS) trial, systemic HRT would likely be considered
contraindicated in most women with a history of breast cancer (45). Options for
treating menopausal symptoms in women with a personal history of breast
cancer can include selective serotonin reuptake inhibitors (SSRIs) for vasomotor
symptoms or nonhormonal moisturizers for vaginal symptomatology. SSRIs
have been shown to decrease the severity and frequency of vasomotor symptoms
in roughly two-thirds of women with breast cancer (46). Nonhormonal vaginal
moisturizers have also been shown to alleviate vaginal symptoms in some
women who have undergone premature surgical menopause (47).

Low-dose vaginal estrogen may also be more reasonable in women with a
prior history of breast cancer, given the much lower systemic absorption, but this
remains an off-label indication. In the setting of aromatase inhibitor therapy,
particular caution is needed as there has been one report that low-dose vaginal
estrogen can appreciably elevate serum estradiol levels when used in concert
with an aromatase inhibitor (48). Given this report, some authors have advocated
periodic monitoring of serum estradiol levels in women who are using both an
aromatase inhibitor and a low-dose vaginal estrogen preparation (23).
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Impact of RRSO on Other Health Risks

As premature menopause affects osteoporosis risk (49) and may also impact
cardiovascular disease risk (50), these issues should also be addressed in women
undergoing RRSO. An assessment of osteoporosis risk by bone densitometry
should likely be performed within the first year postoperatively (23). Manage-
ment can then be guided by objective criteria. As women with a premature
surgical menopause may also be at increased risk of cardiovascular disease,
women who have undergone RRSO should be assessed for modifiable cardio-
vascular risk factors, including hypercholesterolemia, hypertension, diabetes,
and tobacco use, such that these risk factors can be appropriately addressed and
minimized (23,39).

Timing of RRSO

Several factors should be considered when discussing the optimal timing of
RRSO, including the woman’s fertility desires, timing of both gynecologic and
breast cancer risks, and additional risk-reduction strategies taken by the patient.
Clearly, RRSO should be deferred until childbearing is complete. However, as
women delay childbearing into their late 30s and 40s, women with BRCAI
mutations may be exposed to a significant risk of ovarian cancer (11-21% by age
50) (51-53). For women with BRCA2 mutations, the risk of ovarian cancer does
not appear to increase until approximately a decade later, and these women only
have a 2% to 3% chance of developing ovarian cancer by age 50 (51-53). Given
this, in the setting of a BRCA2 mutation, it may be reasonable to defer RRSO
until around the time of natural menopause. However, women with a BRCA2
mutation who pursue this option need to be aware that they will lose the sub-
stantial benefit that RRSO confers against subsequent breast cancer (22,23,39).

RRSO IN WOMEN WITHOUT A DEMONSTRABLE
BRCAT OR BRCA2 MUTATION

Up until this point, this chapter has dealt exclusively with women having
documented mutations in BRCAI or BRCA2. Is there a role for RRSO in women
from hereditary breast cancer families who have undergone genetic testing and in
whom no deleterious mutation has been identified? In addressing this issue, one
should probably deal separately with women from site-specific hereditary breast
cancer families and hereditary breast cancer families with ovarian cancer in the
lineage. In 1998, the linkage consortium published data from 237 families with
at least four cases of breast cancer diagnosed prior to age 60 (5). If there was just
one case of ovarian cancer in the lineage, 90% of the families showed linkage to
BRCAI or BRCA?2 even if a mutation could not be identified on sequencing.
Given this data, families with multiple cases of early-onset breast cancer and
even one case of ovarian cancer likely should be managed as if an occult BRCAI
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or BRCA2 mutation is present. However, in hereditary breast cancer families
with no ovarian cancer in the lineage, only about half of these families are
explained by mutations in BRCAI or BRCA2. Is there role for RRSO in women
from these BRCA-negative families? In order to address this question, a group
from MSKCC prospectively evaluated the incidence of breast and ovarian cancer
in 165 BRCA-negative, site-specific hereditary breast cancer families and com-
pared the observed incidence to the expected incidence derived from SEER rates.
During 3.4 years of follow-up, women from these families had a threefold
increased risk of breast cancer compared with population rates (SIR 3.13; 95%
CI, 1.88-4.89). However, there was not a significantly increased risk of ovarian
cancer in this cohort (SIR 1.52; 95% CI, 0.02-8.46) (54). While this data is
preliminary, if confirmed, it suggests that there may not be a role of RRSO for
gynecologic cancer prevention in BRCA-negative site-specific breast cancer
families. It is important to remember, however, a retrospective study has sug-
gested that RRSO is protective against breast cancer at all levels of risk, so there
still may be a role of RRSO for breast cancer prevention in these families (55).

CONCLUSIONS AND FUTURE DIRECTIONS

The lifetime risk of ovarian cancer increases from a baseline of 1.5% to
approximately 39% to 46% in BRCAI mutation carriers and 10% to 27% in
BRCA2 mutation carriers. Given limitations in currently available screening and
chemopreventive approaches, RRSO should be discussed with all women with an
inherited mutation in either BRCAI or BRCA2. Although reduction in both breast
and ovarian cancer incidence has been clearly demonstrated, there are multiple
other physical, psychologic, and sexual issues that need to be addressed simulta-
neously in women considering this procedure. These are best discussed by a team
of individuals experienced in the management of women with an inherited risk.

In terms of the future, while RRSO is currently the most efficacious
method of ovarian cancer risk reduction in women with BRCA mutations, it
remains a suboptimal approach. Only continued research in screening, preven-
tion, and the basic pathogenesis of inherited ovarian cancer will allow us to make
the prophylactic removal of healthy organs obsolete and is a goal that we need to
strive toward.

ACKNOWLEDGMENTS

The authors would like to thank Jesse Hansen and Kristi Kosarin for editorial
assistance in preparation of this manuscript.

The authors would also like to acknowledge funding support from Depart-
ment of Defense Breast Cancer Research Program (DAMDI17-03-1-0375 to
N.D.K.), the Project Hope Fund for Ovarian Cancer Research and Education, the
Genet Fund, the Koodish Fellowship Fund, the Lucius L. Littauer Foundation, the
Frankel Foundation, the Edward Spiegel Memorial Fund, and the Prevention



88 Lewin and Kauff

Control and Population Research Program of Memorial Sloan-Kettering Cancer
Center.

CASE REPORT

N.B., a 42-year-old woman with two children, elected to undergo a risk-reducing
salpingo-oophorectomy after both she and her mother tested positive for a del-
eterious BRCAI mutation. Her mother, who had been diagnosed with breast
cancer at the age of 36, pursued hereditary cancer risk assessment and genetic
testing at the age of 64, when she was diagnosed with ovarian cancer. N.B.’s
family history was also significant for her grandmother having been diagnosed
with ovarian cancer at the age of 62 and her sister being diagnosed with breast
cancer at the age of 40. N.B. had no personal cancer diagnosis.

At the time of risk-reducing salpingo-oophorectomy, N.B.’s ovaries and fal-
lopian tubes appeared grossly normal. However, on final pathology, there was noted
to be a 2-mm invasive serous carcinoma present in the distal fallopian tube. N.B. was
then referred to a gynecologic oncologist for recommendations and follow-up.

LEARNING POINTS

® Risk-reducing salpingo-oophorectomy is most effective when performed
as soon as childbearing is complete.

¢ In risk-reducing surgery, the surgeon must make an effort to remove all
possible portions of the ovaries and fallopian tubes.

® The pathologic assessment of the ovaries and fallopian tubes should
include complete serial sectioning of the ovaries and fallopian tubes in
their entirety.

e Patients with BRCAI and BRCA2 mutations, who have normal-appearing
ovaries, have a 2% to 10% risk of an occult invasive ovarian or fallopian
tube cancer being found at the time of careful pathologic review.

e Patients with occult findings at risk-reducing salpingo-oophorectomy
should be referred to a gynecologic oncologist.
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KEY POINTS

® The American Cancer Society recommends annual MRI screening and
mammography for women with a known BRCA mutation and certain other
women whose lifetime risk of developing breast cancer is 20% to 25% or
greater. These tests can be staggered so that women have imaging every
six months.

e Tamoxifen may decrease the risk of developing invasive breast cancer as
much as 49% in high-risk individuals and should be offered as chemo-
prevention. The benefit in BRCAI carriers is controversial.

¢ For individuals with germline BRCA mutations, risk-reducing mastectomy
decreases risk of developing breast cancer by 90% to 95% and risk-
reducing oophorectomy decreases breast cancer risk by 45% to 50%.

INTRODUCTION

Since the identification of the BRCAI gene, genetic testing for breast cancer
susceptibility has been incorporated into the clinical practice of oncology.
During this process, individuals who are at increased risk are identified and
appropriate risk management options are discussed. This chapter will review risk
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management options for individuals who are at increased hereditary risk for
developing breast cancer.

SCREENING

The aim of screening is to identify breast cancer at a stage when a surgical cure is
likely, ideally small breast cancers that are node negative. The recommendations
for screening and follow-up of individuals with an inherited predisposition to
breast cancer, as recommended by the Cancer Genetics Studies Consortium,
include monthly self-breast examination beginning at age 18 to 21 years, annual or
semiannual clinical breast examination beginning at age 25 to 35 years, and annual
mammography beginning at age 25 to 35 years (1). These recommendations for
optimal screening modality and frequency are largely based on expert opinion and
have not been validated in prospective studies with mortality endpoints (2,3).
Brekelmans et al. recently reported on the surveillance of 128 individuals
with known BRCA1 and BRCA2 mutations, which were followed at least with
annual mammograms, annual clinical breast examinations, and monthly self-
breast examinations (3). Within a median follow-up time of three years, nine
breast cancers developed in mutation carriers, of which four were interval
cancers, not detected during the course of screening. Another recent study also
reported on 165 BRCA1 and BRCA2 mutation carriers who were followed with
monthly self-breast examination, clinical breast examination two to four times
per year, and annual mammograms (4). At a mean follow-up of 24 months,
12 breast cancer cases developed. Of those, six (50%) were interval cancers. In
five cases, the breast mass was detected by the patient and in one case by the
physician. The remaining six cases were detected by routine mammograms.
Three of the breast cancer cases were invasive cancers, and three were ductal
carcinoma in situ (DCIS). The finding of DCIS in this and two other recent
studies (5,6) is of interest, since this implies the presence of a noninvasive phase
of disease in a subset of patients that can be identified by radiological screening.
Nevertheless, at this point, with standard annual screening, the develop-
ment of interval cancers remains an important problem. The reasons interval
cancers occur include dense breast tissue, which does not allow the detection of
an already existing malignant process, or an aggressive tumor with a high growth
rate that occurred since the last screening mammogram. Whether increasing the
frequency of mammograms to every six months is better or new screening
modalities need to be developed remains unclear. A number of studies have
suggested that screening with magnetic resonance imaging (MRI) may benefit
women at high risk (5-7). In one study (8), 236 women with BRCA1 or BRCA2
mutation underwent annual 1-3 mammography, ultrasound, MRI, and clinical
breast examinations every six months. Twenty-two cancers were identified, and
MRI was found to be more sensitive for detecting breast cancers than ultrasound,
mammogram, or clinical breast examination alone. In another study (9), 1909
high-risk women, including 358 with germline mutations, were screened with
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yearly mammogram, MRI, and clinical breast examinations every six months.
The sensitivity for detecting invasive breast cancer was higher for MRI com-
pared with mammogram or clinical breast examinations.

On the basis of these studies, in April 2007, the American Cancer Society
(ACS) released their recommendations for breast MRI screening (10). The ACS
recommended annual MRI screening for women with a known BRCA mutation;
women who are first-degree relatives of an individual with a known BRCA
mutation, but have not pursued testing themselves; or women whose lifetime risk
of developing breast cancer is 20% to 25% or greater, as defined by BRCAPRO
or other models that are largely dependent on family history. In some cases, data
from screening MRI studies did not provide sufficient evidence for recom-
mendations. Therefore, the ACS relied on available inferential evidence and
expert consensus opinion to recommend annual MRI screening for women who
have received radiation to the chest between age 10 and 30 years; women with
Li-Fraumeni syndrome, Cowden syndrome, and Bannayan-Riley-Ruvalcaba
syndrome; and first-degree relatives of those known to have these syndromes.
However, whether MRI improves survival remains unanswered.

CHEMOPREVENTION
Selective Estrogen Receptor Modulators

Currently, the selective estrogen receptor modulators (SERMs), tamoxifen and
raloxifene, are approved for the risk reduction of breast cancer in high-risk
individuals (11,12). The study that led to the approval of tamoxifen was the
phase III National Surgical Adjuvant Breast and Bowel Project (NSABP) che-
moprevention trial (BCPT-P1), which randomized 13,388 women at high risk for
breast cancer to tamoxifen versus placebo (11). Eligible women had to be 60 years
or older, or between ages 35 and 59 and have a diagnosis of LCIS, or a projected
five-year risk of developing breast cancer greater than 1.66%, according to
the modified Gail model (13). After a median follow-up of 54 months, a
49% reduction in the incidence of invasive breast cancer (p < 0.00001) and a
50% reduction of noninvasive cancer (p < 0.0001) occurred among those
receiving tamoxifen. However, tamoxifen did not reduce the occurrence of ER-
negative breast cancers. Another study, the IBIS-I trial randomized 7152 women,
aged 35 to 70 years, who were at increased risk of breast cancer, to receive either
tamoxifen or placebo for five years (14). At a median follow-up of 50 months, a
32% reduction in the odds of developing breast cancer in the tamoxifen group
was found. However, two other studies, the Royal Marsden (15) and the Italian
study, did not show a significant difference in breast cancer incidence between
women given tamoxifen and those given placebo (16).

Side effects of tamoxifen in the NSABP trial included an increased risk of
endometrial cancer; the relative risk in the tamoxifen group was 2.5 and increased
to 4.01 in women aged 50 years or older. Deep-vein thrombosis and pulmonary
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emboli were also seen more often in the tamoxifen group, with women aged
50 years or older again at higher risk (relative risk was 1.71 for deep-vein
thrombosis and 3.00 for pulmonary emboli) (11). An apparent increase in the risk
of stroke among women taking tamoxifen did not reach statistical significance. A
marginally significant increase in the occurrence of cataract formation and the
risk of requiring cataract surgery was noted for the tamoxifen group (11). Other
side effects included increased hot flushes and vaginal discharge.

The other SERM raloxifene was evaluated in a large phase III trial, STAR,
or NSABP-P2, against tamoxifen. The eligibility criteria were the same, except
that women had to be postmenopausal (12). Raloxifene was as effective as
tamoxifen in reducing the incidence of invasive breast cancer and had a slightly
better toxicity profile. However, it was less effective than tamoxifen in reducing
the incidence of noninvasive breast cancer, including DCIS.

While it is important to discuss the benefit and risk ratio of SERMs for
high-risk women, the impact of SERMs on women with high genetic risk, such
as BRCA1 or BRCA2 mutation carriers, is currently not well defined. In this
effort, BRCA1 and BRCA?2 gene sequencing was performed on all breast cancer
cases (n = 288) in women who participated in the NSABP-P1 trial, and 19 cases
were found to have the BRCA1 or BRCA2 mutation (17). Five out of 8 patients
with BRCAI received tamoxifen, and 3 out of 11 patients with BRCA2 muta-
tions received tamoxifen; 83% of BRCAI breast tumors were ER-negative,
whereas 76% of BRCA2 breast tumors were ER-positive. This study suggests
that tamoxifen reduces breast cancer incidence in BRCA2 carriers, but not in
BRCALI carriers; however, firm conclusions cannot be drawn as the sample size
is low. In contrast, another study showed that tamoxifen reduces the risk of
contralateral breast cancer in women with BRCA1 or BRCA2 mutation (18).
Two-hundred and nine women with a BRCA1 or BRCA2 mutation and bilateral
breast cancer were compared with 384 women with unilateral breast cancer and
BRCA1 or BRCA2 mutation in a matched case-control study, where history of
tamoxifen use for first breast cancer was obtained. Their results revealed that
tamoxifen use reduced the risk of contralateral breast cancer by 50% in women
with a BRCA1 or BRCA2 mutation. Furthermore, studies have also shown that
bilateral prophylactic oophorectomies also reduce the risk of breast cancer in
BRCAT1 or BRCA2 mutation carriers, indicating again the efficacy of antihormonal
intervention (19,20). To summarize, it remains unknown whether tamoxifen can
reduce the risk of breast cancer in BRCA1 mutation carriers. Currently, there is
no efficacy data with raloxifene in BRCA mutation carriers.

New Potential Agents

Aromatase inhibitors are a group of potential agents that can be considered for
the use of chemoprevention. The aromatase inhibitors block the conversion of
androgens to estrogens. Aromatase activity, via increasing local estrogen syn-
thesis, may play an early role in breast cancer carcinogenesis (21). In vivo
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models have shown that aromatase expression in breast tissue can induce the
development of premalignant lesions (22). Recently, results of three adjuvant
hormonal trials with anastrozole, letrozole, or exemestane have demonstrated a
50% to 58% reduction in primary contralateral breast cancer in women treated
with the aromatase inhibitors versus tamoxifen (23-25). The NSABP-B35 is
currently investigating anastrozole versus tamoxifen in patients with DCIS, and
the IBIS-II study is evaluating anastrozole versus placebo in high-risk women.
However, as in the case of SERMs, aromatase inhibitors will most probably be
effective in reducing the incidence of ER-positive breast cancers and might not
be effective in high-risk women with BRCA1 mutations.

Other potential agents that are currently being investigated might be more
effective for ER-negative breast cancer prevention that would also include
BRCA1-associated breast cancer. One of the potential nonhormonal agent
is the selective cyclooxygenase-2 (COX-2) inhibitor, celecoxib (26,27), which is
currently under investigation in phase II breast cancer chemoprevention trials
(28). Other promising agents for the prevention of ER-negative breast cancers
include polyamine biosynthesis inhibitors, difluoromethylornithine (DFMO) (29),
vitamin D analogues, retinoids (30), cyclin-dependent kinase inhibitors (31),
telomerase inhibitors (32), isoflavonoids (33), and molecular chemopreventive
approaches including targeted gene therapy for BRCA1 mutation carriers (34).

PROPHYLACTIC MASTECTOMY

Reduction of breast cancer risk by prophylactic mastectomy has been studied in
retrospective and prospective studies (4,35-38). Despite a major risk reduction,
development of cancer can still be seen after surgery, mostly due to the fact that
prophylactic surgery does not technically remove all glandular tissue. Even
though prophylactic mastectomies and oophorectomies are usually considered in
genetically high-risk individuals, there could be certain circumstances where
an average risk individual might consider surgery, such as having a history of
multiple prior breast biopsies or unreliable physical and/or radiological exami-
nation because of nodular and dense breast tissue. Most studies evaluating the
benefit of prophylactic surgeries have been carried out in individuals with
familial breast/ovarian syndromes. In one study Hartman et al. studied
639 women with a family history of breast cancer who underwent bilateral
prophylactic mastectomies. Among those, 214 women were considered high risk
and 425 as moderate risk. Breast cancer incidence in the high-risk group was
compared with a control group consisting of the probands’ sisters (n = 403) who
had not undergone prophylactic mastectomy. The results of the study showed a
90% reduction in the incidence of breast cancer in the prophylactic mastectomy
group (35). The same investigators reported later on the effect of bilateral
mastectomy in a subset of 26 women who were found to be BRCA1 or BRCA2
mutation carriers. At a median follow-up of 13.4 years none of them developed
breast cancer (36). A prospective study reported recently on 76 women with
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BRCA1 or BRCA2 mutation who underwent prophylactic mastectomy and
63 women with BRCA1 or BRCA2 mutation who opted for surveillance. At
2.9 years of follow-up, no breast cancer occurred in the women who had pro-
phylactic mastectomy, whereas eight breast cancers occurred in the surveillance
group (37). Finally, another prospective study reported on the effect of pro-
phylactic mastectomy in 194 individuals with a BRCA1 or BRCA2 mutation, of
whom 29 opted for prophylactic mastectomy. Even though the follow-up was
short (mean 24 months) none of these individuals developed breast cancer,
whereas 12 breast cancers were identified in the remaining group who opted for
surveillance (4). Another study evaluated 483 women with germline BRCA1/2
mutations at a mean follow-up of 6.4 years, breast cancer was diagnosed in 2
(1.9%) of 105 women who had bilateral prophylactic mastectomy and in 184
(48.7%) of 378 matched controls who did not have the procedure. Bilateral
prophylactic mastectomy reduced the risk of breast cancer by approximately
95% in women with prior or concurrent bilateral prophylactic oophorectomy and
by approximately 90% in women with intact ovaries (38).

PROPHYLACTIC OOPHORECTOMY

The efficacy of prophylactic oophorectomies in breast cancer risk reduction for
the general population has been previously shown in several studies. Brinton
et al. reported a 45% reduction in breast cancer risk in women who underwent
prophylactic oophorectomy before the age 40 years, compared with women who
underwent natural menopause (39). Parazzini et al. reported a 20% risk reduction
after prophylactic oophorectomy in premenopausal women (40). Another study
reported a 50% reduction in the risk of breast cancer with prophylactic oopho-
rectomy in women aged less than 50 years; risk reduction was not seen in women
aged 50 years and older (41). One study reported reduction in breast cancer with
oophorectomy performed premenopausally, even with the use of hormonal
replacement therapy (42).

The effect of prophylactic oophorectomy has also been studied in genet-
ically high-risk patients (43). In a small cohort, Rebbeck et al. (44) reported that
breast cancer risk was reduced by at least 50% in women with a BRCA1
mutation (n = 43) who underwent prophylactic oophorectomy, compared with
women who did not undergo surgery (n = 79). A recent, multicenter retro-
spective study revealed a 53% risk reduction in individuals with a BRCA1 or
BRCA?2 mutation who underwent prophylactic oophorectomy (45). Out of 99
women who underwent prophylactic oophorectomy, 21 developed breast cancer,
compared with 60 breast cancers out of 142 matched controls. Recently, the
results of a prospective study in BRCA1 and BRCA2 mutation carriers, with a
mean follow-up of 24.2 months was reported (46). Three breast cancers occurred
in 69 individuals who had prophylactic salpingo-oophorectomy group, compared
with 8 breast cancers in 62 individuals who opted for surveillance.
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A recent study analyzed 1439 patients with breast cancer and 1866 matched
controls derived from a registry of BRCA1 and BRCA?2 carriers to estimate the
odds ratios of breast cancer for having had a bilateral oophorectomy. It was
shown that a previous history of oophorectomy was associated with a significant
reduction in breast cancer risk of 56% for BRCAL1 carriers (OR = 0.44; 95% CI,
0.29-0.66) and of 46% (OR = 0.57; 95% CI, 0.28-1.15) for BRCA2 carriers. It
appeared that the risk reduction was greater if the oophorectomy was performed
before age 40 and that the protective effect was evident for 15 years post-
oophorectomy (47).

INTEGRATION OF GENETIC RISK INFORMATION
INTO BREAST CANCER MANAGEMENT

Currently, the multidisciplinary team involved in the treatment of breast cancer
includes surgical oncologist, medical oncologists, and radiation oncologists.
Recently, genetic risk assessment has become an important aspect of this mul-
tidisciplinary team approach. Not only is the likelihood of finding a mutation
higher in affected individuals, if incorporated early in the management, genetic
testing results may affect treatment options. For example, because of the 32%
estimated 10-year risk of contralateral breast cancer in BRCAI carriers (48),
some women with stage I or II breast cancer may choose to undergo prophylactic
(risk-reducing) oophorectomy and/or contralateral mastectomy as part of their
initial surgical treatment plan. There is less information available regarding the
impact of radiation therapy on local recurrence in BRCA mutation carriers. It is
thought that ionizing radiation may pose a special hazard for women with BRCA
mutations, who are deficient in their ability to repair radiation-induced DNA
breaks (49). Some studies have shown that ipsilateral recurrence rates are similar
in mutation carriers and women without mutations in large clinic-based studies
(48,50). Metcalfe et al. (48) estimated the 10-year cumulative incidence of
ipsilateral recurrence to be 34% in BRCA carriers with breast conserving surgery
who did not receive radiotherapy, but was only 9% in those who did (p = 0.01
for difference; ipsilateral recurrences include both local recurrences and new
primary ipsilateral cancers). Similar findings were observed in studies of unse-
lected Ashkenazi women undergoing lumpectomy and radiation therapy (51).
However, other studies have suggested a late risk of ipsilateral second primary
malignancies (52,53).

Even though, currently, patients with BRCAI-associated breast cancers
receive the same type of adjuvant chemotherapy as non-BRCA-associated breast
cancer, it has been suggested that BRCA[-associated tumors are highly sensitive
to certain chemotherapy agents such as mitomycin (54) and platinum (41,55,56).
Furthermore, new targeted agents, such as poly (ADP-ribose) polymerase
(PARP-1) inhibitors are currently being investigated as single or combination
agents for the treatment of BRCA1-associated breast cancer (57).
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PSYCHOSOCIAL ASPECTS

Psychosocial aspects of risk assessment and counseling and the decision process
for risk reduction strategies for breast cancer are mostly relevant for individuals
who are genetically at high risk. One aspect is, for example, the reaction to a
positive genetic test result. One study showed that individuals who under-
estimated their emotional response and could not accurately predict their emo-
tional response to test result disclosure, experienced greater psychological
distress at six months (58). Another study evaluating the adverse psychological
effects in members of BRCA1- and BRCAZ2-linked families who declined
genetic testing revealed that the presence of cancer-related stress symptoms at
baseline was strongly predictive of the onset of depressive symptoms in family
members who were invited but declined testing. The depression rate of these
individuals was not only increased compared to noncarriers but also compared to
mutation carriers who had decided to be tested, pointing out that dealing with
uncertainty is more difficult than knowing about a positive test result (59).

Risk-reduction options for women at high risk basically include either a
more conservative approach with screening or a more aggressive approach with
chemoprevention or risk-reduction surgeries. The decision process is mainly
affected by risk perception and breast cancer worry. In one study, for example,
19% of 333 women stated that they would consider prophylactic mastectomy if
they tested positive and 54% reported being unsure. Variables correlating with
the potential decision for mastectomy included age, risk estimate, and breast
cancer anxiety; younger women with higher risk and higher levels of anxiety
were more likely to consider prophylactic mastectomy (60). Another study in
554 high-risk women, including 142 BRCA mutation carriers showed that
women who were BRCA carriers, or women who had a history of breast cancer,
DCIS, breast biopsy, or had a family history of ovarian cancer were more likely
to undergo surgery for cancer risk reduction (61). Other studies evaluated the
perception of prophylactic mastectomy in BRCA1 or BRCA2 mutation carriers.
In two studies, the acceptance for prophylactic mastectomy was 3% to 8%
(62,63), whereas a study from Rotterdam in 139 unaffected BRCA1 or BRCA2
mutation carriers reported an acceptance of 55% (37). Finally, a recent study in
194 BRCA1 or BRCA2 mutation carriers reported that 29 (15%) women opted
for prophylactic mastectomy (4). The differences in the acceptance rate in these
studies are unclear, but cultural differences most probably play an important role.
Furthermore, advances in autologous reconstruction with skin-sparing mastec-
tomy have made consideration of this option for patients with a high risk for
breast cancer, a much more acceptable option for some women.

CONCLUSIONS

More than a decade after BRCAI was cloned, we have started identifying
individuals at the highest hereditary risk for cancer who have served as a model
to investigate strategies for prevention or early detection of breast malignancies.
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Current risk management options for women at hereditary high risk range from
screening to chemoprevention to prophylactic surgeries. The molecular patho-
genesis of BRCAI- and BRCAZ2-associated breast tumors are currently being
studied, which will ultimately lead to tailored treatments for women with newly
diagnosed breast cancer and BRCA mutations. Other areas of research include
individual risk estimates for women carrying BRCA mutations, based on consid-
eration of the particular mutation inherited and also on the presence of modifying
genetic and environmental factors.

CASE REPORT

MO is a 62-year-old survivor of breast cancer. Given her family history of breast
and ovarian cancer, she was referred to genetic counseling where she was diag-
nosed with a germline BRCA1 mutation. Although she was taking Arimidex, MO
desired further action to decrease her risk of a second breast cancer or new ovary
cancer. She recently underwent laparoscopic risk-reducing salpingo-oophorectomy
and will soon be undergoing a bilateral mastectomy with reconstruction for further
risk reduction.

LEARNING POINTS

* Risk management options for this patient include monthly self-breast
examinations along with annual MRI and mammogram, chemoprevention
with tamoxifen, semiannual CA125 and transvaginal ultrasound, and risk-
reducing mastectomy or salpingo-oophorectomy.

® Risk-reducing mastectomy will decrease her risk of breast cancer by at least
90%, and salpingo-oophorectomy will decrease her breast cancer risk by 50%.
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KEY POINTS

The majority of families with multiple cases of both ovarian cancer and
early-onset breast cancer have an identifiable BRCAI or BRCA2 mutation.
However, almost half of families with multiple cases of breast cancer only
(site-specific breast cancer families) do not have an identifiable BRCAI or
BRCA2 mutation.

Reasons why families with multiple cases of breast cancer only may not
have an identifiable BRCAI or BRCA2 mutation include (i) the cluster of
cancers is a chance event, (ii) the individual tested may be a phenocopy
(i.e., the tested individual has a sporadic cancer unrelated to an inherited
familial predisposition), (iii) the inherited predisposition is due to a
mutation in an as yet undiscovered cancer predisposition gene, or
(iv) currently used mutation techniques are unable to detect a mutation that
is present within BRCAI or BRCA2.
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* In one study, women from BRCA-negative site-specific breast cancer
families (with at least 3 cases of breast cancer and at least 1 case of breast
cancer diagnosed prior to age 50) were not at increased risk of ovarian
cancer.

INTRODUCTION

Increased public awareness of the availability of genetic testing, coupled with
stronger evidence for the efficacy of risk-reducing strategies in women with an
inherited risk, has led to a greater demand for BRCA testing. However, even in
the setting of a clear, autosomal-dominant, inherited cancer susceptibility,
sequencing of BRCAI and BRCA2 will not identify a deleterious mutation in
many families. In particular, families with multiple cases of breast cancer, but no
cases of ovarian cancer (site-specific breast cancer families), do not have an
identifiable BRCAI or BRCA2 mutation almost half of the time (1,2). Such
negative testing in the setting of a suspicious family history can lead to con-
siderable anxiety for both patients and their family members. Additionally, while
treatment paradigms have been created for mutation carriers of highly penetrant
syndromes (3-5), there is limited guidance available for individuals who have
evidence of a cancer predisposition but have wild-type genetic test results. In this
chapter, we discuss the reasons for negative genetic testing in families with
features of autosomal-dominant inherited predisposition and consider the man-
agement of these individuals.

CAUSES OF BRCA-NEGATIVE HEREDITARY BREAST CANCER

There are a number of reasons why clusters of multiple family members with
breast cancer might not be explained by identifiable mutations in BRCAI or
BRCA2, including (i) the cluster of cancers is a chance event, (ii) the individual
tested may be a phenocopy (i.e., the tested individual has a sporadic cancer
unrelated to an inherited familial predisposition), (iii) the inherited predisposi-
tion is due to a mutation in an as yet undiscovered cancer predisposition gene, or
(iv) currently used mutation techniques are unable to detect a mutation that is
present within BRCAI or BRCA2.

Coincidental Clustering

Breast cancer is the single most frequent female carcinoma with one in eight to
one in nine women developing it in their lifetime (6). On the basis of its frequency
alone, there is a possibility that breast cancer could cluster together within a given
family by chance, particularly if there are a number of females in a lineage who
live to an advanced age. However, the development of breast cancer is much less
common at younger ages, with only 1 in 211 women developing breast cancer by
age 40, and 1 in 54 women developing breast cancer by age 50 (6). Ovarian cancer
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is much less common with only 1 in 79 women developing this disease by age 85.
While it is certainly possible that several cases of later onset breast cancer and/or
ovarian cancer could cluster together in a given family by chance, it becomes
much less likely that multiple individuals (>3) in a single lineage have early-onset
breast cancer (i.e., prior to age 50) and/or ovarian cancer are by chance alone.

The Individual Tested Is a Phenocopy

Given that breast cancer is the single most common cancer in women, it is cer-
tainly possible that it could develop in an individual whose family has an inherited
predisposition, but in whom the individual affected women did not inherit the
familial predisposition. Such a possibility is more likely if the individual tested is
older, and therefore more likely to have breast cancer irrespective of underlying
inherited risk. It is for this reason that it is frequently most informative to test the
individual who was youngest at time of diagnosis to minimize the possibility that a
phenocopy is being tested.

Other Breast Cancer Susceptibility Genes

It is now more than a decade since the discovery of the BRCAI and BRCA2. It was
initially assumed that a number of other high-penetrance cancer susceptibility
genes, associated with a markedly increased breast cancer risk, would be found.
This hope, however, has not been realized to date. While several other high-
penetrance cancer susceptibility genes, such as TP53 and PTEN, have been
identified, these are found in a very small number (<1-2%) of BRCA-negative
inherited breast cancer families (7). A number of low-penetrance cancer suscep-
tibility genes such as ATM and CHEK?2 have also been identified, but given that
these are associated with relatively small modification of breast cancer risk (rel-
ative risks generally less than 2-3), it is not clear that mutations in any of these
low-penetrance genes in isolation can explain families with clearly autosomal-
dominant breast cancer susceptibility (8). Additionally, environmental factors
that cluster in families are unlikely to explain all the remaining predisposition
within families (9). It is more likely that these cancer susceptibilities are
mediated through mutations in many genes, each conferring a moderate risk of
disease.

Polygenic Model

This hypothesis is supported by twin studies, which suggest that a large amount
of genetic susceptibility follows a polygenic model (10,11). The principal
methods used for detecting further susceptibility genes are linkage analysis and
association studies (12). Linkage analysis depends on the cosegregation of a gene
and a phenotype through a pedigree. This approach, however, has been unsuc-
cessful in identifying additional high-penetrance susceptibility regions, providing
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support for a polygenic model. Two mathematical models based on segregation
data have been proposed to explain the pattern of inheritance in families that
cluster cases of breast cancer but are BRCAI/2 negative. The first by Cui et al.
suggested a mixed pattern of inheritance, including both a recessive and a
polygenic component (13). This study was limited by older screening techniques
and may have included some BRCA1/2-positive patients. A more recent study
found no evidence for another major gene, but instead proposed a polygenic
model where a number of genes with small effect combine multiplicatively (14).
These lines of evidence suggest that cancer in BRCA-negative families may, at
least in some instances, result from variations at multiple alleles that are
inherited in high-penetrance combinations.

Association studies are case-control studies that compare frequency of
variants among cancer cases and controls. If variations being studied are asso-
ciated with a small relative risk of breast cancer, adequately powered studies to
evaluate these variations can require hundreds to thousands of subjects. Public
databases have been established to facilitate sharing of information with the aim
of expediting the results of this approach. Genome-wide association studies, a
newer technique that has identified novel low-penetrance breast cancer suscep-
tibility loci, is well suited to identifying frequently occurring variants associated
with lower breast cancer risk, but does not appear to be as well suited to iden-
tifying rare variants with moderate risk (15,16).

Undetectable Mutations in BRCAT and BRCA2

While much mutation detection in BRCAI and BRCA2 is done by direct
sequencing, one shortcoming of this approach is that it will miss structural
rearrangements, such as large deletions, insertions, duplications, or inversions.
Additionally, noncoding mutations in promoters, enhancers, and other regulatory
regions are not detected by conventional sequencing (17,18). These limitations
explain why direct sequencing detects only 63% to 85% of mutations in BRCAI
and BRCA2 (1,19). In one recent study, genomic rearrangements were found in
35 (12%) of 300 hereditary breast ovarian cancer families in which no delete-
rious mutation was detected by sequencing (20). Several other studies have seen
similar rates of previously occult mutations (17,21). Importantly, even in these
studies, no rearrangements were detected in the majority of families with an
autosomal-dominant pattern of inheritance, suggesting the possibility of either
undetected noncoding BRCA mutations or the presence of mutations in other as
yet unidentified cancer susceptibility genes.

CLINICAL MANAGEMENT

Before discussing the clinical management of individuals with a negative BRCA
mutation testing, it is important to emphasize the difference between families
with site-specific breast cancer (with up to 4 or 5 cases of female breast cancer,
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but no ovarian or male breast cancer) and those with hereditary breast-ovarian
cancer. The linkage data discussed above demonstrated that over 90% of
hereditary breast-ovarian cancer (in which there are multiple cases of early-onset
breast cancer and at least one case of ovarian cancer) is attributable to mutations
in BRCAI and BRCA2 (1). However, the same study also demonstrated that
approximately half of site-specific breast cancer families are not linked to these
two genes. Specifically, in families with four or five cases of female breast
cancer diagnosed prior to age 60 and no ovarian cancer, only 33% showed
linkage to BRCAI or BRCA2. Even in families with six or more case of female
breast cancer diagnosed prior to age 60, 19% did not demonstrate linkage to
BRCAI or BRCA2.

Extrapolating from this data, families with multiple cases of breast cancer
prior to age 60 and a family history of ovarian cancer or multiple other BRCA-
associated (pancreatic, prostate, melanoma) cancers in a specific lineage should
likely be treated as if there may be an occult BRCA mutation. Similarly, an
occult BRCA mutation should be suspected in site-specific breast cancer families
with six or more breast cancers prior to the age of 60.

For families meeting either of these criteria, affected individuals should be
managed in similar manner to women where a BRCA mutation has been
detected. Treatment options including prophylactic mastectomy, prophylactic
salpingo-oophorectomy, chemoprevention, and surveillance appropriate for
BRCAI and BRCA2 mutation carriers should be discussed; specifics of these
management strategies are addressed in detail in other chapters.

How unaffected individuals within these families should be optimally
managed is less clear. Where there is an autosomal-dominant pattern of inher-
itance, these individuals will have a 50% chance of inheriting the unidentifiable
predisposition that is within the family. They may, however, not be at any
increased risk of cancer. Given these management challenges, such individuals
are best managed by a multidisciplinary team experienced in the care of indi-
viduals who may be at inherited risk.

Site-Specific Breast Cancer Families

Given the data cited above suggesting that less than one-third of families, in
which there are five or less cases of early-onset (diagnosed prior to age 60)
breast cancer and no ovarian or male breast cancer, segregates a BRCAI or
BRCA2 mutation, it is not clear that BRCA-negative women in these families
should be managed in the same manner as if a BRCAI or BRCA2 mutation has
been identified.

Certainly, women in these families remain at increased risk for breast
cancer, and incremental breast cancer risk reduction (i.e., increased surveillance,
chemoprevention, and risk-reducing mastectomy) should be discussed. At
Memorial Sloan-Kettering Cancer Center, recommended screening for these
individuals includes monthly self-examination, clinical breast examination two
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times per year, and annual mammography starting 5 to 10 years prior to the
earliest age of breast cancer in the family (but not before age 25). Additionally,
we discuss that the American Cancer Society recommends screening MRI for
women with a 20% to 25% or greater lifetime risk of breast cancer (5); however,
we also review the limitations of currently available risk models (22).

Whether women from these families are at increased risk of ovarian cancer
is more controversial. Studies in ungenotyped women with a personal and family
history of breast cancer suggested that these women were at a greater risk of
ovarian cancer than the general population (23,24). If this is the case, then it may
be appropriate to manage all women in these families with incremental gyne-
cologic risk-reduction approaches including, in select cases, risk-reducing sur-
geries. In order to provide data relevant to this issue, Kauff et al. recently
conducted a prospective study to examine the risk of breast and ovarian cancer in
BRCA-negative, site-specific breast cancer kindreds (25). In this study, there
were 165 BRCA-negative, site-specific hereditary breast cancer kindreds iden-
tified in which there were at least three cases of breast cancer (mean 4.14,
range 3-9) in a lineage with at least one breast cancer diagnosed prior to age 50.
All probands had undergone BRCA mutation screening by either full sequencing
or, in individuals of exclusively Ashkenazi Jewish heritage, founder mutation
testing, as this has been shown to detect approximately 95% of detectable
mutations in this population (26,27). Probands, along with their first- and second-
degree relatives, were followed prospectively for a mean of 3.4 years to
determine the incidence of new breast and ovarian cancer in these kindreds. The
observed rates of breast and ovarian cancer were then compared with the
expected population rates obtained from SEER.

As expected, a threefold increased risk of subsequent breast cancer was
observed in this cohort (SIR 3.13; 95% CI, 1.88-4.89; p < 0.001). However,
there was no increased risk of ovarian cancer observed in 2534 women years of
follow-up with 1 case observed and 0.66 expected (SIR 1.52; 95% CI, 0.02-8,46;
p = 0.04). These results, if confirmed, suggest that women from BRCA-negative
site-specific breast cancer families may not be at significantly increased risk of
ovarian cancer.

CONCLUSION

Evaluation of genetic predisposition to cancer is now a widely accepted com-
ponent of cancer care. Specific management paradigms have been defined for
carriers of genetic mutations associated with highly penetrant syndromes.
However, much less information is available regarding the management of
individuals with a negative genetic test in a family where there is considerable
evidence for a genetic predisposition to cancer. In this chapter, the potential
reasons for a wild-type result in these families as well as management strategies
for women from these families were discussed. Unfortunately, definitive data to
guide us is limited, and prospective studies evaluating management strategies in
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women from BRCA-negative hereditary breast cancer families are urgently
needed to improve management of women from these families.

CASE REPORT

NC is a 38-year-old woman diagnosed with right-sided invasive lobular breast
carcinoma. Her family history was significant for a mother and sister with breast
carcinoma. She underwent right-sided therapeutic mastectomy and left-sided
prophylactic mastectomy. The patient was referred for genetic counseling and
underwent BRCA testing in which no BRCA mutation was identified. Despite
her negative BRCA testing, the patient desired a prophylactic oophorectomy to
reduce her risk of subsequent ovarian cancer. While data is limited, her physician
informed her that she did not likely have an increased risk of ovarian cancer.

LEARNING POINTS

* Women with a history suggestive of site-specific inherited breast cancer
often do not demonstrate an identifiable BRCA mutation.

e While data are limited, there is no known increase in the risk of ovarian
cancer among women with BRCA-negative, site-specific breast cancer;
therefore, risk-reduction strategies for ovarian cancer are currently not
recommended for most women in these families.
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KEY POINTS

® Ovarian cancer patients with germline BRCA mutations may have a survival
advantage over those with sporadic ovarian cancer; however, contradictory
reports exist.

® Survival advantage in ovarian cancer patients with germline BRCA muta-
tions is proposed to be due to increased sensitivity to chemotherapy con-
ferred by BRCA mutations and deficient DNA repair mechanisms.

e Targeted therapies, such as poly-adenosine diphosphate-ribose polymerase
(PARP) inhibitors, that exploit this defect in DNA repair are being studied in
ovarian cancer.

INTRODUCTION

Only about 10% of cases of epithelial ovarian cancer (EOC) are due to an
inherited predisposition (1-5), with a majority of these attributable to alterations
in the BRCA1 and BRCA2 genes and a small contribution due to mutations
in the DNA mismatch repair genes involved in the Lynch II or hereditary
nonpolyposis colorectal carcinoma syndrome. For BRCA mutation carriers, the
lifetime risk for ovarian cancer is estimated to be between 20% and 40%.
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THE ROLE OF BRCA1 AND BRCA2 IN OVARIAN CANCER

Clearly, mutations in BRCA1 and BRCA2 are important factors in hereditary
ovarian cancer, with prevalence varying widely depending on ethnicity, per-
sonal, and family history. For example, for those of Ashkenazi Jewish heritage,
90% of the cases of breast and ovarian cancers are linked to three well-
documented founder mutations (the 185delAG and 5382insC mutations in
BRCAI1 and the 6174delT mutation in BRCA2) (6,7). In these women, the
reported prevalence of genetic alternations has been noted to be as high as 2.5%
(6,7). With the added factor of a personal history of breast cancer, the prevalence
may rise to 10% (8,9); for those with a personal history of ovarian cancer, the
rate is as high as 40% (10,11). Even in the general population, a given individual
with breast cancer may possess a 3% risk for mutation and the addition of a
family history of ovarian cancer may increase the risk to 22.8% (12). In high-risk
families with multiple cases of breast and/or ovarian cancer, individual women
may have a risk as high as 40% of carrying a mutation in either BRCAL1 or
BRCA2 (12).

In the general population, patients with sporadic EOC, BRCAI, and
BRCA2 were felt to play a lesser role. Previous studies have documented
BRCA1 mutations in only 1 of 800 people in the general population and in only
3% to 6% of all patients with epithelial ovarian carcinoma (13,14). Newer
evidence suggests that the prevalence of BRCA mutations in unselected patients
with ovarian cancer may be higher than previously reported. Risch et al. (15)
examined a population series of 1171 unselected patients from Ontario, Canada,
with ovarian cancer. BRCA1 and BRCA2 mutation screening was performed
utilizing testing for common variants, protein truncation testing of long exons,
and denaturing gradient gel electrophoresis or denaturing high-performance
liquid chromatography for the remainder of the genes. Although the estimated
carrier frequencies of mutations in the general population were 0.32% for
BRCAL and 0.69% for BRCAZ2, the authors noted a 13.2% frequency of BRCA1
and BRCA2 mutations among the 977 patients with invasive ovarian cancer. For
women with BRCA1 mutations, the calculated cumulative incidence of ovarian
cancer was 24% and that of breast cancer was 90% to age 80. Buller et al. (16)
examined 250 consecutive women with ovarian cancer at a single institution and
noted that 40 of 250 (16%) demonstrated mutations in BRCA1. For those with
BRCAZ2 mutations, the cumulative incidences were 8.4% and 41%, respectively.
Pal et al. (17) conducted a population-based study of 209 patients with unse-
lected invasive ovarian cancer patients in Florida and noted that 15.3% of
women had mutations in either BRCA1 or BRCA2. Their findings concluded
that relying on family history alone to trigger genetic testing would miss more
than 30% of BRCA-associated ovarian cancers. Likewise, only 41% of mutation
carriers reported a family history of breast or ovarian cancer in a Polish
population-based study (18). A significant number of ovarian cancer patients
with potential undocumented mutations in BRCA genes, especially in the absence
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of family history, may have important implications for a given individual’s
prognosis as well as for direction of future targeted therapeutic strategies.

PROGNOSIS OF BRCA-ASSOCIATED OVARIAN CANCER

The effect of mutation status, itself, on prognosis is somewhat controversial.
Several studies have attempted to clarify the relationship between BRCA
mutation and prognosis (Table 1). While most have demonstrated a significantly
more favorable outcome in comparison to sporadic ovarian cancers (10,19-24),
others have not been able to confirm this finding (16,25,26).

Evidence for an Improved Prognosis

Buller et al. (27) was the first to provide indirect evidence of improved prog-
nosis. In 1993, even prior to the cloning of BRCAI, the authors reported on
11 members of 4 families affected by hereditary ovarian cancer—each family
demonstrated two or more first-degree relatives with a diagnosis of ovarian
cancer. Of these 11 patients, 1 was stage I, 6 were stage III, 3 were stage IV, and
one was unstaged. The authors found a 67% five-year survival for the 11 study
patients, compared with only 17% in a selected comparison group of 34 con-
secutively treated stage III patients of similar age (p < 0.04).

In 2000, additional epidemiologic evidence suggested improved prognosis
for patients with familial ovarian cancer. A large population-based U.S.
Surveillance, Epidemiology, and End Results (SEER) database study identified
824 white women with EOC and a prior diagnosis of breast cancer (28). These
patients had an overall estimated five-year survival of 49% compared with only
45% among women without a history of prior breast cancer. Among women
diagnosed over the age of 55 and those with advanced disease, the improvement
in prognosis was even more pronounced. Given the approach, the usual pitfalls
of large, population-based studies were apparent, including lack of data on
standard prognostic factors such as disease residual and type of adjuvant treat-
ment. However, the main strength was the ability to minimize selection bias, and
these findings provided further indirect evidence that BRCA mutations conferred
a survival advantage when compared with patients with sporadic cancer.
Although the patients did not undergo formal genetic testing, prior calculations
have estimated that 88% of women with both breast and ovarian cancer are
carriers of BRCA1 mutations (29).

The first study of survival in ovarian cancer patients with documented
mutations in the BRCA genes was reported in 1996 by Rubin et al. (19). Fifty-
three advanced stage patients with germline mutations in BRCA1 were com-
pared with age- and stage-matched controls unselected for family history.
BRCA1 mutation carriers demonstrated a marked improvement in median sur-
vival of 77 months compared with only 29 months for controls (p < 0.001).
Though the study did not elaborate on important clinical factors, including
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potential differences in treatment, and was criticized for possible selection biases
in formulating the control group, this was the first report of a dramatic
improvement in prognosis for documented mutation carriers. This finding was
confirmed in 1998 by Aida et al. (21) in a smaller Japanese study of 13 patients
with germline mutations in BRCA1. They selected age- and treatment-matched
controls for comparison and noted a five-year survival of 78.6% versus 30.3%,
respectively (p < 0.05), as well as a significant advantage in median disease-free
interval (91.4 months vs. 40.9 months, respectively, p < 0.05).

In 2000, Boyd et al. (10) performed a retrospective cohort study and
identified 189 Jewish women with ovarian cancer from among 933 consecutively
treated patients at Memorial Sloan-Kettering Cancer Center. Of these patients,
88 were found to have mutations in either BRCA1 or BRCA2. Those with
documented mutations had significantly improved five-year survival (45% vs.
25%, p = 0.004), as well as longer median time to recurrence (7 months vs.
14 months, p < 0.001), and gained a 25% reduction in the relative risk of death
compared with those without mutations. Among patients with stage III disease,
altered BRCA was noted to be an independent factor influencing prognosis. The
authors minimized selection bias by using archival material from a large con-
secutive series of ovarian cancer patients to eliminate preferential inclusion of
living mutations carriers. In addition, given that all patients and controls were
cared for at the same institution over the same period, treatment differences
between the groups were minimized.

Several other reports have also supported a more favorable prognosis for
patients with mutations in BRCA1 and BRCA2 (22-24). Ben David et al. (22)
performed a large study of 234 mutation carriers identified from a nationwide
study and noted improved three-year survival when compared with 549
mutation-negative controls (65.8% vs. 51.9%, respectively, p = 0.001). The
difference persisted even after controlling for the younger age of the mutation
carriers. Similarly, a smaller study by Cass et al. (23) found a more favorable
five-year survival (65% vs. 48%), disease-free survival (49 months vs.
19 months, p = 0.16), and improved response rate to therapy (72% vs. 36%, p =
0.01) for 34 Jewish mutation carriers compared with 35 women with sporadic
tumors. Finally, Majdak et al. (24) identified 34 patients with mutations in
BRCA1 and BRCA2, 16 were unclassified variants and 18 were pathogenic. On
multivariate analysis, pathogenic mutation in BRCAI, but not unclassified
variant mutation, was an independent factor in predicting a decreased risk of
recurrence and improved survival.

Evidence for a Poorer Prognosis

Despite the findings of these initial reports, other investigators soon published
data showing either no significant survival advantage or even worse survival for
patients with BRCA mutations. Johannsson et al. (25) identified 38 patients with
ovarian cancer from a population-based registry of breast cancer families in
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southern Sweden. Of these 38 patients, 7 also had a diagnosis of breast cancer.
The authors concluded that while survival in the first years after diagnosis
appeared better for BRCA mutation carriers than for age- and stage-matched
controls, long-term survival was similar. In fact, multivariate analysis even
showed a statistically worse survival for BRCA1 patients than controls. Simi-
larly, Pharoah et al. (26) also noted a significantly worse prognosis for ovarian
cancer patients with BRCA1 and BRCA2 mutations compared with sporadic
cases. These authors conducted a large study of 151 patients from 57 families
with documented BRCA1 and BRCA?2 and also examined 199 patients from
62 families in which a BRCA1 or BRCA2 mutation was not found after genetic
testing. For controls, they selected 552 age-matched cases from the general
population. The authors noted that overall survival in familial ovarian cancer
cases as a whole was significantly worse than for population controls; five-year
survival was 21% in patients from BRCA1 families, 25% from BRCA?2 families,
19% from families with no identified mutation, versus 30% in population con-
trols (p < 0.005). The results may have been biased given that patients in the
familial ovarian cancer groups had a significantly higher incidence of advanced,
stage III and IV disease at presentation (83% vs. 56% for population controls,
p < 0.001). Another significant weakness was the lack of direct mutation testing
among individual patients in the study. The authors merely assumed that all
patients suffering from ovarian cancer in families with a previously documented
mutation were automatic carriers of a mutation themselves. Finally, Buller et al.
(16) were also unable to detect any difference in survival between patients with
BRCAI inactivation compared with matched controls. In their analysis, the authors
examined 59 cancers with presumed BRCA1 dysfunction based on an identified
mutation or absent BRCA1 mRNA because of promoter hypermethylation. They
used rigorously selected controls from the same population, matched for p53
mutation type, age, stage, grade, disease site, and the presence of BRCA1 mRNA.
No significant differences were noted in median survival for those with BRCA1
dysfunction compared with controls (4.1 years vs. 3.5 years, respectively).

It remains unclear why different investigators have noted such varying
effects of BRCA alteration on survival. One theory proposes that differing
mechanisms of BRCA inactivation may influence patient outcome. Indeed, in
2002, Buller et al. (16) examined survival in patients with ovarian cancer based
on the mechanism of BRCA1 dysfunction. Although median survivals were
nearly identical to those of case-matched controls without abnormalities in
BRCA, it was notable that patients with germline mutations exhibited a median
survival nearly twice that of patients with other mechanisms of BRCA1 dys-
function (4.5 years for germline mutations, 2.8 years for somatic mutations, or
2.3 years for promoter silenced cancers). These findings were confirmed in 2006
by Chiang et al. (30) who compared survival of patients with ovarian cancer
from a hospital-based tumor bank to examine the outcome of patients with
BRCAL silencing due to promoter hypermethylation. Tumors were classified as
having a wild-type BRCA gene, a BRCA mutation, or a methylated BRCA.
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Patients with a methylated BRCA1 promoter were noted to have significantly
decreased median disease-free interval (9.8 months vs. 35.6 months, p = 0.04) as
well as median overall survival (35.6 months vs. 78.6 months, p = 0.02) when
compared with BRCA1 mutation carriers.

MECHANISMS FOR BRCA-ASSOCIATED SURVIVAL ADVANTAGE

The mechanism for the purported survival advantage conferred by BRCA
mutation is not entirely clear. Some speculate that BRCA-associated tumors
grow more slowly than their sporadic counterparts. Another theory posits greater
susceptibility to chemotherapy. In fact, several reports have cited prolonged
disease-free intervals after surgery and chemotherapy (10,23), and another has
documented a significantly higher growth fraction in BRCA-associated malig-
nancies (31), suggesting that increased proliferation may contribute to improved
chemosensitivity.

Further evidence that BRCA mutations may increase sensitivity to che-
motherapy relates to the functions of the genes themselves. BRCA1 has been
implicated in a broad number of cellular functions, including DNA repair, the
maintenance of genomic integrity, and cell-cycle checkpoint control (32-36).
However, the main role of BRCA2 appears to involve interaction with RADS51 in
homologous recombination DNA repair (37). Cells with mutated BRCA proteins
may therefore be rendered less capable of repairing chemotherapy-induced DNA
damage, potentially leading to an improved response to treatment. Support for
this theory was provided by Husain et al. (38) who noted increased levels of
BRCAL1 protein in cisplatin-resistant breast and ovarian cancer cell lines. In
the ovarian cancer cell line SKOV-3 CDDP/R, DNA damage repair was corre-
spondingly improved. The investigators showed that the effects could be
reversed by antisense inhibition of BRCA1, which induced a decreased effi-
ciency of DNA repair, enhanced apoptosis, and restoration of cisplatin sensi-
tivity. Data by Cass et al. (23) also noted that in vitro chemosensitivity testing
was predictive of response to treatment with platinum and paclitaxel among
patients with hereditary cancers, but not in patients with sporadic tumors.

THERAPY FOR BRCA-ASSOCIATED OVARIAN CANCER

To date, despite recognized differences in tumor biology, therapy of BRCA-
associated ovarian cancers has essentially consisted of the same standard surgery
and adjuvant chemotherapy that is utilized for sporadic malignancies. Patients
with early-stage disease undergo surgery, then chemotherapy with three to six
cycles of a taxane and a platinum agent depending on clinicopathologic risk
factors. Patients with advanced disease generally undergo cytoreductive surgery
followed by six to eight cycles of a combination taxane/platinum-based regimen.
In an effort to limit systemic toxicity, recent efforts in cancer therapy have
increasingly focused on targeted approaches, which usually aim to inhibit a
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specific factor driving tumor growth. Recent successes have included imatinib
mesylate for chronic myelogenous leukemia and gastrointestinal stromal tumors,
gefitinib for non-small cell lung cancer, and trastuzumab for breast cancer (39).
However, in the case of breast and ovarian cancers associated with BRCA
mutations, given the known role of BRCA in the repair of double-stranded DNA
breaks, investigators have attempted to exploit a weakness in the tumor cell to
enhance antitumor therapy (39).

Bryant et al. (40) and Farmer et al. (41) speculated that cells deficient in
the ability to repair double-stranded DNA breaks might be susceptible to
therapies aimed at increasing the number of breaks. Prior work by Conde et al.
(42) showed that mice engineered to lack the poly-adenosine diphosphate-ribose
polymerase 1 (PARPI) enzyme exhibited large numbers of unrepaired single-
stranded DNA breaks. During routine DNA replication, these single-stranded
breaks are converted to double-stranded breaks and then repaired. However, in
the presence of BRCA dysfunction, the addition of PARP inhibition appears to
lead to fatal accumulation of unrepairable DNA breaks that would normally
undergo repair via homologous recombination in the presence of wild-type
BRCA. In vitro assays by Bryant et al. (40) and Farmer et al. (41) both dem-
onstrated that even low-dose inhibition of PARP1 resulted in cell death in cell
lines lacking either BRCA1 or BRCA2. In contrast, BRCA wild-type cells were
unaffected by PARP1 inhibition and continued with routine growth. This effect
of PARP1 inhibitors was confirmed in murine tumor models. Though PARP1 is
normally involved in repair of DNA breaks and attraction of other repair proteins
to the site of injury, it does not appear to be required for survival given that mice
deficient in the enzyme appear to be healthy and fertile, and those mice treated
with PARP inhibitor appeared otherwise healthy. This promising novel approach
to anticancer therapy involves no cytotoxic or DNA-damaging agent, but solely
acts to selectively inhibit DNA repair in susceptible tumor cells. Clinical trials of
inhibitors of PARP are currently under way in patients with BRCA-related breast
and ovarian cancers.

CONCLUSION

Patients with ovarian cancer associated with mutations in BRCA1 and BRCA2
clearly demonstrate some important clinical differences from those with sporadic
malignancies. The majority of reports have identified a survival advantage for
those with mutations, though several investigators have found otherwise, perhaps
pointing to a more complex model where the specific mechanism of BRCA
dysfunction may also be an important predictor of outcome. Given that BRCA
mutated cells are deficient in certain DNA repair mechanisms, these tumors may
be more sensitive to traditional chemotherapy. Newer targeted therapies aimed at
exploiting this deficiency in DNA repair, such as the use of PARP1 inhibitors,
are on the horizon.
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CASE REPORT

J.S. was diagnosed with stage III ovarian cancer in April 2000, at the age of 63. At
the time of her initial presentation it was documented that her twin sister had been
diagnosed with breast cancer at the age of 36. Additionally, four paternal aunts and
one maternal aunt had been diagnosed with postmenopausal breast cancer.

J.S. was treated with the standard surgery, followed by adjuvant therapy
with six cycles of carboplatin and paclitaxel. At the end of her treatment, she was
without evidence of disease. She was followed with routine examinations, and in
July 2005, with the addition of a daughter and a cousin recently diagnosed with
premenopausal breast cancer, her family history now prompted a referral to
genetic counseling. She was counseled and tested in February 2006 and received
her BRCA 1—positive results in April 2006, having been disease free for six years
since her diagnosis of ovarian cancer. She proceeded to undergo bilateral pro-
phylactic mastectomies for breast cancer risk reduction and remains in remission
seven years after her diagnosis of ovarian cancer, having had no treatment after
the initial chemotherapy.

LEARNING POINTS

® Germline BRCA mutations, resulting in deficiencies in DNA repair, may
make ovarian cancer more responsive to cytotoxic chemotherapy.

e Advantages in progression-free and overall survival are believed to be
related to the chemoresponsiveness of BRCA-associated tumors.
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KEY POINTS

® The mismatch repair system maintains the integrity of the genome through
correction of base pair mismatches in newly synthesized DNA.

e Lynch syndrome can result from inherited defects in the mismatch repair
system. These tumors will display the classic MSI+ phenotype.

e Germline mutations in MLH1, MSH2, MSH6, or PMS2 are the most
common inherited causes of Lynch syndrome.

e MSI can be caused by nonhereditary mechanisms, most frequently meth-
ylation of the MLH1 promoter.

¢ Lynch syndrome confers an equal lifetime risk of endometrial and colorectal
carcinoma of 40% to 60%, and a 12% lifetime risk of ovarian carcinoma.

INTRODUCTION

In 1895, the pathologist Aldred Warthin first became aware of the concerns of
his seamstress about the large number of cancers in her family. In 1913, he
reported his observations on the family in the Archives of Internal Medicine (1).
Sadly the seamstress died of metastatic endometrial cancer anyway and the
report was filed away on the shelves of medical libraries, despite a follow-
up report in 1925 (2). In the 1960s, the family was reinvestigated by Henry
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Lynch in response to concerns expressed by a later member of the family (3).
Following extensive work on this and other families, in 1971, Lynch and Krush
proposed criteria for the “Cancer Family Syndrome” (4), which is now known as
Lynch syndrome or hereditary nonpolyposis colorectal cancer (HNPCC).
Despite its particular association with colorectal cancer, apparent from Lynch’s
1966 paper, from its earliest description gynecological malignancy has been a
part of this condition. In 1991, clinical criteria were established for Lynch
syndrome, this greatly facilitated efforts to identify the causative genes (5).

Following the original clinical descriptions, the biological causes of
Lynch syndrome were identified as dominantly inherited mutations in DNA
mismatch repair (MMR) genes (6-10). Finally, in 2000, the causative mutation
in Warthin’s original family was reported (11), time to report in this case being
105 years!

An understanding of the nature of the mutations that cause this condition
requires some comprehension of the processes of DNA replication and of the
mechanisms that repair damaged DNA. A brief introduction to this topic follows.

DNA REPLICATION

The structure of DNA is a double helix in which complementary bases are held
together by weak hydrogen bonds (Fig. 1). The bases are attached to a backbone
consisting of alternating sugar residues and phosphate groups. The phosphate
group links the 3’ carbon atom on one sugar to the 5’ carbon atom of the next
sugar (Figs. 2 and 3). It follows therefore that at one end of the molecule there
is a sugar residue in which the 5’ carbon atom is not linked to a neighboring
molecule. At the other end there will be a sugar residue in which the 3’ carbon
atom is not linked to a neighboring 5’ carbon atom. DNA sequences are normally

Sl Q
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Figure 1 The two strands of the DNA double helix run in opposite (anti-parallel)
directions.
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Figure 3 Phosphate bonds are formed between carbon atom number 3 of one deoxy-
ribose and number 5 carbon of the next deoxyribose.

written in the direction 5’ to 3’, from the base with the free 5’ carbon to the base
with the free 3’ carbon atom (Fig. 4). The two strands of DNA run in opposite
directions to each other, referred to as anti-parallel (Fig. 1).

When DNA is replicated, the double helix is unwound by a helicase
enzyme and each DNA strand acts as a template for the production of com-
plementary daughter strands. As the two parent strands of DNA run in opposite
directions to each other (5'>3' and 3'>5'), the daughter strands are synthesized
in opposite directions as well. One strand is extended in a 5'>3’ direction, this is
referred to as the leading strand, the other in a 3'>5’ direction referred to as the
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* DNA sequences are written in a 5’-3” direction
¢ This is the direction in which DNA and RNA are synthesized
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Figure 4 DNA sequences are written in the 5’ (5 prime) to 3’ (3 prime) direction.

lagging strand. When replication occurs only the leading strand will have a free
3’ carbon at which to attach the 5’ carbon of the next sugar residue, hence
replication extends from this point in the same 5'>3’ direction. On the lagging
strand, extension also occurs in 5'>3’ direction, in the opposite direction to that
of the sequence itself. Thus, the lagging strand is sythesized in a series of
discontinuous small fragments often referred to as Okazaki fragments, orientated
in a 5’ to 3’ direction. A single-strand nick is produced between the fragments,
which is subsequently repaired to produce a continuous strand.

MISMATCH REPAIR

The integrity of the genome is maintained by a variety of sophisticated mech-
anisms that repair damaged DNA. The MMR system is one of the best char-
acterized of these, it corrects base pair mismatches in newly synthesized DNA.
The major DNA polymerase in eukaryotes, polymerase o has a very efficient
5'>3' proofreading activity. However, mistakes still occur. The primary fun-
ction of the MMR system is to eliminate base-base mismatches and insertion/
deletion loops, which arise during DNA replication (12). Insertion/deletion
loops classically result in the shortening or lengthening of repetitive sequences
in microsatellites.

MICROSATELLITE INSTABILITY

Microsatellites are multiple tandem repeats that consist of a short number of
usually mono-, di-, or tri-nucleotides; these are particularly prone to slippage and
inefficient proofreading by DNA polymerase. If the MMR system is inactivated
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Figure 5 Microsatellite instability at the BAT-26 locus in tumor compared with
homozygous allele in constitutional DNA. The BAT-26 microsatellite contains an intronic
run of 26 adenosines. Long noncoding mononucleotide repeats such as Bat-26 (26 ade-
nosines) tend to be shortened by the multistep cumulative unstable process. The upper
electropherogram shows the trace from an individual essentially homozygous for an allele
at the BAT-26 locus. The lower electropherogram shows the trace from tumor material
from the same patient; there is an additional shorter allele seen in the tumor due to
slippage at the BAT-26 locus.

then these microsatellites typically undergo shortening, e.g., a run of 10 adenines
is shortened to 9 adenines. This is termed microsatellite instability (MSI) and is
seen in tumor cells (Fig. 5), which harbor biallelic MMR mutations. MMR in
humans depends on homologues of the bacterial MutS and MutL proteins, which
function as heterodimers (12). The MutSo complex is a heterodimer of MSH2/
MSHG6 and is the most abundant species. There are lesser amounts of the MutSf3
complex that consists of a heterodimer of MSH2/MSH3. The MutS complex
initiates DNA repair by mismatch recognition. Interaction between this recog-
nition complex and downstream repair proteins is dependent on MutL-like
activity. An MLH1/PMS?2 heterodimer (MutLa) is the major species providing
MutL-like MMR activity in human cells (12). The MMR system can be thought
of as a surveillance system that keeps an eye on newly synthesized DNA. When
it detects a mismatch, the error is excised and DNA polymerase is recruited to
resynthesize the damaged fragment. There are four stages to the MMR process:
(i) mismatch identification, (i7) recruitment of repair enzymes, (iii) removal of a
patch of sequence around and including the mismatch, and (iv) resynthesis of the
correct sequence (Fig. 6). The original strand of DNA is used as the template in
this last process.
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Figure 6 MMR repair. (A) The MSH2/MSH6 (MutS) heterodimer in an open configu-
ration surveys the genome for mismatches; a g/t mismatch is identified. The heterodimer
binds to the mismatch, a configuration change takes place and it adopts a closed structure.
(B) The MSH2/MSH6 (MutS) heterodimer migrates along the DNA molecule, the MLH1/
PMS?2 heterodimer (MutL) is recruited to the repair complex. Migration occurs, the DNA
polymerase complex is encountered and displaced from the DNA. (C) MutL recruits
further components, including exonuclease 1, which excises the DNA strand back to and
beyond the mismatch. The DNA polymerase complex then resynthesizes the DNA using
the parent strand as the template.

THE MMR SYSTEM
Mismatch Identification

The human homologue of the bacterial MutS complex is responsible for mis-
match recognition. MutSa is the predominant species, it recognizes base-base
mismatches and 1 base-pair (bp) insertion/deletion loops. The lesser abundant
species MutSP recognizes longer (1-4 bp) insertion/deletion loops. In bacteria,
the MutS complex scans newly synthesized DNA for mismatches. When one is
encountered, the complex binds to the DNA in a reaction requiring the exchange
of ADP for ATP, this brings about a structural change in the heterodimer,
converting it from an open to a closed configuration, this latter closes upon the
DNA (13). The complex forms a sliding clamp that can travel laterally along the
double-stranded DNA molecule. One model for MutSo. function suggests that
migration along the DNA strand occurs until the complex reaches a single-strand
nick in the newly synthesized DNA, thus enabling MutSa to distinguish between
the newly synthesized strand and the parent strand (14).
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Recruitment of Repair Enzymes

The DNA/MutSa complex recruits MutLa, which is a heterodimer consisting of
hhMLHI1 and hPMS2. MutLa itself does not seem to actively engage in the
repair process. Rather it appears to displace the DNA polymerase from the newly
synthesized DNA and then recruits further repair enzymes that directly cut out
the damaged strand of DNA. Despite its indirect role in MMR, abrogation of
hMLHI1 activity results in MSI, as shown by epigenetic silencing of hMLH]1 in
sporadic colorectal cancers (14).

Removal of Damaged DNA

Exonuclease 1 (Exol) is recruited by MutLa and cuts out the daughter strand of
DNA from the single-strand nick right back to the mismatch. This excised strand
of DNA can be up to 1000 nucleotides long and may extend to about 150 bp past
the site of the mismatch (15). Exol appears to play a crucial role in excision,
although cooperation with other enzymes including replication proteins A and C
(RPA and RPC) as well as proliferating cell nuclear antigen (PCNA) is also
required. The precise partners involved in strand excision seem to depend on the
direction of excision, whether it proceeds in a 5’ or a 3’ direction (16).

Resynthesis of the Correct Sequence

In bacteria, the crucial enzymes involved are DNA polymerase III and
DNA polymerase 6 (17). There is a clear requirement for DNA pol 6 in humans,
but it may be that other components of the DNA polymerase system are also
needed.

MMR GENES AND APOPTOSIS

Along with their crucial role in repairing damaged DNA, there is strong
experimental evidence that MMR gene products also play a role in the initiation
of apoptosis in response to DNA damaging agents. Human cell lines deficient in
hMLHI1 (18) and hMSH2 and hMSH6 (19) showed resistance to the cell-killing
effects of the alkylating agent N-methyl-N’-nitro-N-nitrosoguanidine tolerance.
The resistance was reversed by whole chromosome complementation resulting in
active hMLH1, hMSH2, and hMSH6 proteins. These experiments clearly iden-
tified a role for MMR genes in the initiation of apoptosis. Further experiments in
mice have shown that a failure to initiate apoptosis is important in tumorigenesis
in MMR-deficient animals (20,21). How MMR promotes the initiation of apoptosis
remains obscure. It is also unclear which apoptotic pathways are required, since
both p53-dependent and independent pathways seem to be required (20). Since
many of the agents used in these experiments have a role in chemotherapy, it
may be clinically valuable to understand the mechanisms involved.
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MMR DYSFUNCTION

Dysfunction of the MMR system is a consequence of genetic alterations that lead
either to abrogation of protein expression or the expression of a protein that is
functionally impaired. These alterations can be the result of classical mutational
events that produce an alteration in the DNA sequence; these can be either
inherited or acquired. They can also result from somatic events that do not alter
the DNA sequence. These latter are termed epigenetic, the commonest is
silencing of the MLH1 expression by methylation of its promoter sequences.

GERMLINE MUTATIONS

Germline mutations in the MMR genes cause dominantly inherited Lynch syn-
drome. Germline mutations are classically point mutations within the coding
sequence, but larger genomic deletions also occur (22).

Point mutations can be silent (no change in amino acid sequence), or create
nonsense mutations (introducing a stop codon and resulting in a truncated protein
that may be unstable) or missense mutations (changing one amino acid). Non-
sense mutations are generally regarded as pathogenic or disease causing, it can
be far harder to be sure about the likely effects of missense mutations. These
latter sequence variations may result in a protein with no biological activity or to
an unstable or variably stable protein with some residual activity. Missense
variants are therefore difficult to classify and many diagnostic laboratories will
not report them as disease causing.

The International Society for Gastrointestinal Hereditary Tumors
(InSiGHT; www.insight-group.org) curates a database of mutations in the
hMLHI, hMSH2, hPMS2, hPMS1, hMSH6, and hMLH3 genes. At last count,
there were 659 mutations recorded. This is a submission database, there is no
obligation to report to it, so until recently there was no catalogue of published
mutations. However Woods et al. recently made available a database in which
they had actively assembled all published mutations in h"MLHI, hMSH2, and
hMSHG6 (http://www.med.mun.ca/MMRvariants/) (23). The accompanying paper
also detailed published mutations in #PMS2. This database holds details of all
published sequence variants, including those where the pathogenic effect is
unknown. Details of some 1224 variants were recorded at the time of writing.

Mutations in hAMLHI and hMSH?2 account for the majority of the mutations
reported to the InSiGHT database and in the literature generally. Certain
mutations do occur commonly and some of these are seen in specific ethnic
groups. The deletion of exons 1-6 in hAMSH?2 is seen in North American pop-
ulations (24) and the exon 16 AMLH1 deletion is seen in the Finnish population
(25); these are associated with possible founder events. Other common mutations
such as the intron 5 splice site mutation in AMHS2 do not appear to be due to
founder effects (26,27). Genomic deletions constitute an appreciable proportion
of all Lynch syndrome mutations and it is important that diagnostic laboratories
perform assays that detect such mutations (22).



Molecular Genetics and Cancer Risks in Lynch Syndrome 137

Outcome of Germline Mutations in MMR Genes

The phenotype associated with heterozygous mutations in hMLHI, hMSH2, and
hMSHG6 is of classical Lynch syndrome. The phenotype associated with hetero-
zygous mutations in ZPMS2 is similar but the penetrance of ZPMS2 mutations
appears to be lower (28). Penetrance is a statistical concept, which refers to the
frequency with which a genotype manifests itself in a given phenotype, in this
case features of Lynch syndrome. About 50% of Lynch syndrome is due to
mutations in AMLHI, 40% due to mutations in AMSH?2, and about 10% due to
mutations in hMSH6 (29). Mutations in #PMS2 have been recorded in only a
small number of families. Mutations in EXOI, hMLH3, and TGFbRII have been
recorded as the cause of Lynch syndrome in isolated families, but they do not
play a major role in the pathogenesis of Lynch syndrome.

The lifetime risks of cancer in gene carriers are high but vary between
studies (Table 1). A wide variety of other cancers are seen, particularly of the
brain, ureter, and bile ducts. Small bowel cancers occur at a frequency of about
4% to 7% in Lynch syndrome (30-32); however, a recent population-based study
identified mutations in AMLHI, hMSH2, or hMSH6 in more than 80% of cases
(33). A strong argument can be made regarding small bowel cancers as a feature
of Lynch syndrome.

Mutations in AMLHT and hMSH?2

The original clinical reports of Lynch syndrome indicated a high incidence of
endometrial and ovarian cancer (34,35). After the hAMLHI and hMSH2 genes
were identified as the cause, analysis of disease risk in families bore out these
clinical observations. In a survey of 67 hMLHI or hMSH?2 gene carriers, Dunlop
et al. estimated that the risk of endometrial cancer by age 70 in female gene
carriers was 42% (36) compared with a risk of colorectal cancer of only 30%. No
ovarian cancers were seen in this study. In a Finnish study of 360 hMLH]I or
hMSH?2 mutation carriers, the cumulative incidence of endometrial cancer by age
70 was 60% and that of ovarian cancer was 12%. The incidence of colorectal
cancer in women in this study was 54% (30); 47 of the families in this study had

Table 1 Lifetime Cancer Risk in Lynch Syndrome

Colorectal (men) >80%
Colorectal (women) 40%
Endometrial 43-60%
Ovarian 9-12%
Gastric 5-10%
Urinary tract 4-6%
Renal cell 3.3%
Bile duct/gallbladder 2-3%

Small bowel 1-4%
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mutations in the AMLH]I gene, of whom 30 carried the exon 16 deletion referred
to above. Only three families had mutations in the AMSH2 gene. More recent
studies have indicated possibly lower risks associated with mutations in hkMLH1
and AMSH2. In 2001, Vasen et al. published data on 79 families, 34 with
mutations in AMLH1, 40 in hMSH?2, and 5 in hMSH6. The cumulative incidence
of endometrial cancer by age in hMLH I mutation carrier was 20% and in hMSH2
mutation carriers 37% (32). In a series of 348 French patients with mutations in
either hMLHI or hMSH2, the cumulative lifetime incidence of endometrial
cancers was 45% in hMLH]1 carriers and about 60% in hMSH2 carriers (37).
Quehenberger et al. recently reported on 84 families of Dutch origin, 39 with
mutations in AMLHI and 45 with mutations in hMSH?2. There was no significant
difference in risk at either locus, the risk of endometrial cancer by age 70 was
31.5% and of colorectal cancer 22.4%. In this study, the risk of colorectal cancer
in males was 26.7% (38). These later studies have included smaller families than
those seen in the initial studies, many of which had been used in gene identi-
fication. The earlier studies applied Kaplan—Meier estimations to cohorts
ascertained on the basis of multiple affected cases to determine risks. The most
recent study tried to make a correction for the size of the families ascertained
(38). While the precise disease estimates vary, there is little doubt that mutations
in hMLHI and hMSH?2 carry significant risks of endometrial cancer and ovarian
cancer.

hMSH6 Mutations

The hMSH6 gene product forms a heterodimer with hMSH2, the combination is
particularly involved in the repair of single nucleotide mismatches (39). How-
ever, the frequency of hMSH6 mutations in families fulfilling the Amsterdam
criteria is low (40). Furthermore, tumors in AMSH6 null mice do not display the
characteristic MSI-high (MSI-H) phenotype seen in their AMLHI and hMSH2
null counterparts (20). Wu et al. detected 4 pathogenic AMSH6 mutations in 18
patients with suspected HNPCC and MSI-low (MSI-L) tumors, one patient with
an MSI-H tumor phenotype was found to have an hMSH6 mutation. However,
this latter patient also had an hMLH]1 frameshift mutation, making interpretation
of the hMSH6 mutation extremely difficult (10). Berends et al. subsequently
investigated in depth 25 index cases and 8 relatives with AMSH6 variants (41).
These were ascertained from a cohort of 316 individuals suspected as having
Lynch syndrome. Seven patients shared a common mutation (650insT,
651_652insT) in exon 4a. Haplotype analysis indicated this was likely to rep-
resent a founder effect in the Dutch population under study. Five other different
truncating mutations were found and there were another 10 unclassified variants
in this study; 14 out of 26 colorectal and endometrial cancers in this study were
MSI-L (41). A common mutation (p.F1088fsX1092 ¢.3261_3262ins C) has been
reported in a German population. The frequency of the Amsterdam criteria I or II
positive families in this latter study was only 37%, an observation similar to that
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made in the previously mentioned reports. Nineteen of 27 tumors from patients
with truncating hMSH6 mutations in this study were MSI-H; however, these
investigators used an expanded panel of markers to test for MSI, which may
explain the higher frequency reported. Endometrial cancer was reported in this
study as occurring at a similar frequency in AMSH6 mutation carrier as in
hMSH?2 or hMLHI mutation carriers (42).

Endometrial cancer and atypical hyperplasia have been reported at high
frequency in AMSH6 mutation carriers (40,41,43); 73% of hMSH6 mutation
carriers were found to have endometrial cancer or atypical hyperplasia in one
early study (40).

Goodfellow et al. reported the frequency of germline AMSH6 mutations in
an unselected series of endometrial cancers as 1.6% (44). In a series of 519
Finnish patients with endometrial cancer, Ollikainen identified 23 families with
site-specific familial endometrial cancer. Only one family harbored hMSH6
mutation while one further family had a likely pathogenic hAMSH2 mutation. In
this series, a further nine families ascertained by endometrial cancer in the index
case had mutations in either AMLHI or hMSH2 (45).

Mutations in the hMSH6 gene undoubtedly confer a high risk of endo-
metrial cancer, and the early studies suggest that this risk is may be higher than
for women with ”AMLHI or hMSH2 mutation (40,43,45).

PROMOTER METHYLATION

The term gene is often used to refer only to a segment of DNA that is transcribed
into RNA. However, in the classical view of a gene, the term would refer to the
gene control region as well. The control region refers to the whole expanse of
DNA involved in regulating transcription of a gene, including the promoter,
where transcription factors and polymerases assemble, and all of the sequences
to which gene regulatory proteins bind. A minority of the cytosine residues in
human DNA are methylated; those that are methylated are found in the CpG
dinucleotide (that is, the methylated cytosines are almost always ones whose 3’
carbon atom is linked by a phosphodiester bond to the 5’ carbon atom of a
guanine). Overall, the density of CpGs in vertebrate DNA is lower than
expected; however, there are stretches of DNA with relatively higher levels of
CpG. These regions are referred to as CpG islands and are often associated with
the promoter regions of transcriptionally active genes. Methylation of cytosine
residues in CpG is an epigenetic mechanism that plays an important part in
mammalian gene control, acting as a general method of maintaining repression
of transcription. Hypermethylation of hMLH1 was first described in the majority
of MSI+ sporadic colorectal cancers (14,46) and was associated with abrogation of
hMLH] protein expression as determined by immunohistochemistry (14). Sim-
ilar observations have subsequently been made in endometrial cancer; this is the
major mechanism giving rise to MMR dysfunction in endometrial cancer (47).
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CARCINOGENIC EFFECTS OF MMR DYSFUNCTION

The development of a mutator phenotype with increased mutation rates for
insertion/deletion mismatches and base-base mismatches is thought to be the
principal mechanism whereby MMR dysfunction results in cancer. As pointed
above, however, MMR proteins also participate in other cellular processes
particularly in the initiation of apoptosis in response to DNA damage (13).
Dysfunction of these aspects of MMR protein function might also contribute to
carcinogenesis. The mutator phenotype model is, however, the one which has
received most attention.

MSI as originally described referred to anonymous microsatellite
sequences used in laboratory experiments. The definition of the MSI-H pheno-
type was in terms of the proportion of microsatellites mutated in tumors, at first
this tended to mean whatever markers happened to be lying around in the laboratory
fridges. However, subsequently the marker sets to be used and the reporting were
standardized (48,49). It is important to realize that this is a global instability
phenomenon affecting microsatellite repetitive sequences. The standardized
marker sets that are used to classify the MSI phenotype in colorectal cells consist
of mono- and di-nucleotide markers in the noncoding genomic DNA.

MSI may, however, also affect coding region microsatellites with delete-
rious consequences for gene expression by the introduction of frameshift
mutations that provide a growth advantage or an immune escape mechanism to
affected cells. This subset of coding microsatellites defines critical targets pro-
moting MSI-dependent carcinogenesis. These are referred to as Real Common
Mutations by Duval et al. (50).

The prototype for this effect is the TGFSRII gene in colorectal cancer. This
has a 10 adenine repeat in its coding region. Frameshift alterations were con-
firmed to be inactivating mutations by functional studies showing a loss of the
TGFBRII tumor suppressor function (51). Subsequently, attempts have been
made to catalogue genes whose coding regions contain microsatellites and which
might therefore be regarded as targets for functionally significant MSI (51-54).

At first the proposal was that all genes would be affected by inactivating
frameshifts, like TGFSRII, and this did indeed prove the case for a variety of
important targets such IGFIIR, BAX, Caspase-5, hMSH3, and hhMSH6. In some
cases, however, frameshift mutations can alter coding repeats located down-
stream of important functional gene domains or upstream of others. Mutations in
the Axin gene are thought to have a dominant-negative effect. Mutations in TCF-
4 abrogate its ability to bind to CtBP, one of its transcriptional repressors, thus
enhancing levels of TCF-4 production. The same mutational mechanism results
in both loss of function or gain of function, the end result is a selection advantage
for the cells concerned.

Further studies on MSI have indicated that targets may be tissue specific.
For example, TGFbRII mutations are seen in about 80% of MSI-H colorectal
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cancers; however, they occur in only about 20% of MSI-H endometrial cancers
(50). Woerner and colleagues developed a model indicating TGFbRII, BAX,
TCF-4, MSH3, ACVR2, PTHL3, HT001, ACI, and SLC23Al represent Real
Common Targets in colorectal cancers, while TAFIB, AIM2, and SLC23 were
targets in endometrial cancer (55). Duval et al. also demonstrated differences
between targets in endometrial and colorectal cancers (50). Tissue specificity
does appear to be a key feature of targets of MSI likely to confer a growth
advantage.

GERMLINE MMR GENE MUTATION COMPARED WITH hMLH1
METHYLATION IN GYNECOLOGICAL TUMORS

In a large series of endometrial cancer, approximately 20% of all endometrial
cancers harbor MMR gene defects as evidenced by the presence of MSI (44,56-60).
The vast majority of these cases will not be a consequence of germline mutations
in MMR genes, rather they result from somatically acquired hypermethylation
of the hAMLHI promoter (44,61). It is not clear if there are differences in the
clinicopathological features of MSI4 endometrial cancers due to germline
mutations and those due to hMLHI hypermethylation. Only one study of rea-
sonable size has compared MSI+ endometrial carcinomas in germline MMR
mutation carriers with MSI+ cancers in which the underlying mechanism is
hMLHI hypermethylation (62). In this study of 50 women with germline
mutations and 26 women with sporadic AMLHI mutations, age of onset was later
in the hypermethylation group, and the group had significantly fewer grade 1
tumors and more grade 3 tumors. The AMLHI methylated group alone had
significantly fewer nonendometrioid tumors than was seen in overall endometrial
cancer population presenting to the institution that reported this study. Of the
50 MMR mutation carriers in this study, 47 had mutations in AMSH2 and only
3 hMLHI mutation carriers. Black et al. reported on a series of 93 MSI+
endometrial cancers, previous studies would indicate that the bulk of the tumors
in this report were MSI+4 due to promoter hypermethylation (56). There were
significant associations between MSI status and myometrial invasion, advanced
stage, and endometrioid histology. It is difficult to compare this study with that
of Broaddus et al. (62), but the AMLHI hypermethylated group in that study
appear to have broadly similar stage at presentation and degree of myometrial
invasion. However, as there were differences in the overall reported rates of
lymphovascular invasion and tumor grade, it is difficult to compare the data in
the two papers to determine if there are clear differences between MSI+ tumors
due to AMLHI hypermethylation and those due to germline mutations. In other
studies of smaller numbers, there were no associations between MSI status and
stage, grade, or subtype (58,61,63). There have been other reports of a significant
association between MSI and advanced stage (59,64).
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SURVIVAL IN TUMORS WITH DEFECTIVE MMR

Improved survival was reported in the initial studies on MSI+ colorectal cancer
patients (65) and this seemed to be confirmed in subsequent reports (37,66-68).
However, there are reports that have failed to confirm the prognostic significance
of MSI in colorectal cancer (69,70). In the case of endometrial cancer, the
majority of studies that reported outcome found no significant advantage asso-
ciated with MSI+ tumors (58-60,64,71). However, Maxwell et al. reported that
five-year survival was 77% in a series of 29 MSI+4 tumors compared with only
48% in 102 MSI— tumors, this difference was significant at the p = 0.03 level
(63). Only three polymorphic markers were used to define MSI in this study, one
of which was part of the NIH-approved panel. In a more recent study, the
original panel of NIH markers was used to define MSI. Significant differences in
both disease-free and overall survival between the 93 patients with MSI+ tumors
and the 380 patients with MSI— tumors were reported by Black et al. (56).

In a series of 50 patients with endometrial cancer from families harboring a
germline mutations in MMR genes, there was no significant difference in sur-
vival compared with 100 age- and stage-matched patients with sporadic endo-
metrial cancer (72).

Similar to the case with colorectal cancer, the data accumulating suggest
that survival may be better in women with MSI+ endometrial cancers.

OVARIAN CANCER

Overall, about 2% of all ovarian cancer is due to germline mutations in MMR
genes (73,74). The lifetime risk of ovarian cancer in MMR mutation carriers is
generally estimated to be 8% to 15%. The ¢.1346T>C hMSH6 mutation has been
reported as carrying a 33% lifetime risk of ovarian cancer; all mutations may not
convey equivalent risks, though good data in this area are sparse. Between 12%
and 16% of reasonably sized series of ovarian cancers assessed by the NCI
consensus panel (73,75-78) have shown MSI+-. This is similar to the rate seen in
sporadic colorectal and endometrial cancers. There is little data on the impact of
MSI status in ovarian cancer. A single study from the Dutch registry indicated no
difference in survival between 26 women with ovarian cancer from HNPCC
families and an age- and stage-matched group of 52 controls (79).

CONCLUSIONS

Germline mutations in the MMR genes result in classic Lynch syndrome with
tumors displaying the characteristic MSI+ phenotype. The commonest cause of
MSI+ in gynecological tumors is however not germline mutations but hyper-
methylation of the h/MLH1 promoter. MSI positivity results in the development
of a mutator phenotype in clones of neoplastic cells. Deleterious mutations occur
particularly in coding microsatellites in important genes involved in growth
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regulation and apoptosis. These confer a growth advantage on these cells
resulting in the development of clinically significant tumors. There is evidence
that MSI+ tumors may have a better overall outcome than MSI— tumors,
although larger studies are probably needed to define this further. There is also
accumulating evidence that MSI4 tumors respond differently to chemo-
therapeutic agents. An understanding of the way that the MMR dysfunction
influences tumor cell growth and survival will be an important contributor to
improving outcome in patients with MSI4 cancers.

CASE REPORT

MS is a 49-year-old woman who initially presented to her primary physician with
irregular vaginal bleeding. Pelvic ultrasound revealed a thickened endometrial
stripe. Subsequent dilation and curettage demonstrated a high-grade endometrioid
endometrial carcinoma. Hysterectomy and staging procedures revealed a stage Illc
endometrial carcinoma. She was subsequently treated with chemotherapy and
radiation.

Although a detailed family history revealed no family history of Lynch
syndrome-associated cancers, her diagnosis before the age of 50 was suggestive
of Lynch syndrome. MS was referred for genetic counseling and tested positive
for a germline mutation in MSH6. She is pursuing periodic screening with
colonoscopy given her high risk of colorectal carcinoma.
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KEY POINTS

The histology of endometrial and ovarian carcinomas arising in the setting
of Lynch syndrome is heterogeneous.

Complex atypical hyperplasia is the precursor lesion to endometrioid-type
endometrial carcinomas arising in Lynch syndrome.

Lynch syndrome endometrial carcinoma is characterized by high levels of
microsatellite instability. Currently, there are no distinct pathological
features that accurately predict the presence of microsatellite instability.
At the time of prophylactic surgery, the uterus and ovaries should be
evaluated by frozen section followed by routing pathological and micro-
scopic evaluation for unsuspected carcinoma.

Tissue testing for Lynch syndrome includes microsatellite instability
analysis as well as immunohistochemical testing for MLH1, MSH2,
MSH6, and PMS2.

INTRODUCTION

There is a tremendous amount of literature regarding the pathology of colon
carcinoma associated with Lynch syndrome. Unfortunately, there is much less
information available for Lynch syndrome-associated endometrial cancer and
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even less for Lynch syndrome-associated ovarian cancer. The bulk of this
chapter will therefore focus on what is known regarding endometrial cancer in
Lynch syndrome. Some attention will be devoted to ovarian cancer as well.
Finally, a tissue-based approach to identifying endometrial and ovarian cancer
patients with Lynch syndrome will be discussed.

PATHOLOGY OF ENDOMETRIAL CARCINOMA

Before focusing on Lynch syndrome-associated endometrial cancers, it is
instructive to briefly review the classification of uterine neoplasms in the general
population. There are a wide variety of tumors that can arise from the uterus,
including carcinomas derived from the epithelium of the endometrium and
mesenchymal tumors derived from stromal components of the uterus, such as
smooth muscle tumors (leiomyomas and leiomyosarcomas) and stromal tumors
(endometrial stromal nodule and endometrial stromal sarcoma). To date, mes-
enchymal tumors have not been associated with Lynch syndrome. Therefore, the
remainder of this section will be devoted to endometrial carcinoma.
Endometrial carcinoma is a heterogeneous disease at the microscopic and
clinical levels. Broadly, endometrial carcinoma can be divided into two cate-
gories, endometrioid and nonendometrioid. In the general population, approxi-
mately 75% to 80% of endometrial carcinoma is the endometrioid subtype, with
nonendometrioid histologies representing the balance. The endometrioid tumors
are graded on a three-tier system according to glandular differentiation present
microscopically. Well-differentiated endometrioid adenocarcinomas are com-
posed almost entirely of well-formed glands and are considered FIGO (Inter-
national Federation of Gynecology and Obstetrics) grade 1. Poorly differentiated,
FIGO grade 3 endometrioid adenocarcinoma is composed predominantly of solid
sheets of malignant cells microscopically, with very little gland formation.
FIGO grade 2 endometrioid adenocarcinoma has a more intermediate level of
differentiation. Endometrioid adenocarcinoma can be associated with the pres-
ence of a precursor lesion, endometrial complex hyperplasia with atypia. The
nonendometrioid carcinoma group is a diverse set of tumors primarily composed
of uterine papillary serous carcinoma (UPSC), malignant mixed mullerian tumor
(MMMT), and clear cell carcinoma (CCC). Representative photomicrographs of
the endometrioid and nonendometrioid tumors are presented in Figure 1.
Microscopic recognition of the subtypes of endometrial carcinoma is
important, as the different subtypes are associated with different biological
behavior. In general, well-differentiated, grade 1 endometrioid adenocarcinoma
is associated with early stage at diagnosis and a good prognosis. Patients with
these tumors are often cured by hysterectomy alone. Unopposed exposure to high
doses of estrogen is associated with endometrioid-type adenocarcinomas,
especially the grade 1 tumors. In contrast, the nonendometrioid tumors, partic-
ularly UPSC and MMMT, are associated with advanced stage at diagnosis.
Patients with these uterine tumors often require surgery and adjuvant
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Figure 1 Photomicrographs of different histotypes of endometrial carcinoma (H&E,
200x%). (A) Grade 1 endometrioid adenocarcinoma composed of well-formed neoplastic
glands that make up the majority of this tumor microscopically. (B) Grade 3 endometrioid
adenocarcinoma composed primarily of solid sheets of tumor cells with only occasional
gland formation. Grade 2 endometrioid adenocarcinoma (not shown) has a mixture of
well-formed glands and solid areas microscopically. (C-E) The nonendometrioid tumors
uterine papillary serous carcinoma (C), malignant mixed mullerian tumor (D), and clear
cell carcinoma (E). The nonendometrioid tumors typically have a poor prognosis com-
pared with the well-differentiated, grade 1 endometrioid tumors.

chemotherapy and/or radiation treatment to control their disease. Even with such
added therapy, the prognosis for patients with these tumors is usually poor. CCC
is a more rare type of nonendometrioid endometrial carcinoma. It commonly can
coexist with UPSC. Although CCC in the ovary is associated with an especially
poor prognosis, the biological behavior of these tumors in the uterus is more
heterogeneous.

PATHOLOGY OF ENDOMETRIAL CARCINOMA IN LYNCH SYNDROME

The molecular hallmark of a defect in DNA mismatch repair, as is seen in Lynch
syndrome, is high levels of microsatellite instability (MSI-high) measured in
tumor DNA compared with DNA from normal tissues. MSI-high can be due to
Lynch syndrome (mutation of MLHI, MSH2, MSH6, PMS2, or other less
common genes) or methylation with subsequent transcriptional silencing of the
MLHI gene promoter. MSI-high due to MLHI methylation has been well
described in the literature to occur in 15% to 20% of sporadic endometrial and
colon carcinoma. Much of what is known regarding MSI-high colon and
endometrial carcinoma is, therefore, pertinent to sporadic tumors; the relevance
to the Lynch syndrome-associated tumors is not clear.
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To clarify any possible differences between sporadic MSI-high endo-
metrial carcinoma and Lynch syndrome-associated MSI-high endometrial car-
cinoma, we recently completed a large study comparing the pathological features
of these groups (1). In this study, we analyzed 50 endometrial carcinomas from
women with known Lynch syndrome mutations. For comparison, we studied 42
sporadic endometrial carcinomas from women younger than 50 years of age, as
the mean age of the Lynch syndrome endometrial cancer patients was 46.8 years.
These women were proven to be negative for MLHI and MSH2 mutations by
formal genetic testing. An additional comparison group consisted of 26 sporadic
MSI-high endometrial carcinomas with methylation of MLHI and loss of MLH1
protein by immunohistochemistry. The group of sporadic MSI-high tumors was
derived from analysis of a larger group of 128 endometrial carcinomas (85
endometrioid, 19 UPSC, and 24 MMMT). Remarkably, one of the clearest dif-
ferences between these three groups was that the sporadic younger than 50 group
(41/42, 97.6%) and the sporadic MLHI methylation group (25/26, 96.2%) were
almost entirely composed of tumors with endometrioid histology. In contrast, the
Lynch syndrome group was more heterogeneous, with 43 of 50 (86%) tumors
with endometrioid histotype. Among the three groups, there were no statistical
differences in myometrial invasion, presence of lymphatic/vascular invasion, or
stage. Importantly, 22% of Lynch syndrome endometrial carcinomas were stage
II, I, or IV, implying the need for adjuvant chemotherapy and/or radiation
therapy in addition to hysterectomy. It has been suggested that endometrial
carcinoma is important in women with Lynch syndrome, because it can act as a
“sentinel cancer,” preceding the diagnosis of colorectal cancer in 51% of these
women by a median time of 11 years (2). However, with nearly a quarter of
endometrial cancers in Lynch syndrome requiring some type of adjuvant therapy
beyond surgery, it is clear that endometrial cancer itself is an important cancer in
women with Lynch syndrome.

Compared with endometrial cancers in the Lynch syndrome and sporadic
younger than 50 groups, endometrial cancers in the sporadic MLHI methylated
group had a greater percentage of grade 2 and grade 3 endometrioid tumors and
more advanced stage tumors overall (1). Additionally, a subset of the MLHI
methylated group had a distinctive microscopic morphology that was not
observed in the other two groups. This distinctive histology was characterized as
“undifferentiated,” in that the tumor cells were monotonous and small-to-
medium sized, larger than histocytes but smaller than usual endometrioid car-
cinoma cells (1). The undifferentiated tumor cells grew in solid, discohesive
sheets with no gland formation (Fig. 2). By immunohistochemistry, the undif-
ferentiated carcinomas were weakly positive for pancytokeratin and entirely
negative for estrogen receptor and progesterone receptor. In contrast, more usual
grade 3 endometrioid carcinoma is strongly positive for pancytokeratin and has
at least focal positive expression of hormone receptors.

In the general population, nonendometrioid endometrial carcinoma is
typically diagnosed in older women with a mean age of 65 to 68 years (3-7).
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Figure 2 “Undifferentiated” endometrial carcinoma (H&E, 200x). Similar to grade 3
endometrioid adenocarcinoma, undifferentiated carcinoma microscopically consists of
sheets of cells with no or little gland formation. However, the tumor cells of undiffer-
entiated carcinoma are smaller than those of grade 3 endometrioid tumors. We have
observed the undifferentiated endometrial carcinomas only in association with MSI-high
due to MLH1 methylation, not in the MSI-high endometrial cancers associated with Lynch
syndrome.

However, in Lynch syndrome, we have found that the mean age of diagnosis of
nonendometrioid tumors is 46.4 years, similar to the mean age of endometrial
cancer diagnosis in the Lynch syndrome group overall (46.8 years) (1). CCC,
mixed UPSC + CCC, and MMMT have been identified as nonendometrioid
tumors in Lynch syndrome. Carcangiu et al. published, in abstract form, a study
in which they identified a preponderance of CCC from their Italian cohort of
women with Lynch syndrome (8). This study has not yet been published in the
peer-reviewed literature. From our experience, CCC has certainly been
observed in women with Lynch syndrome, but it does not make up the majority
of the endometrial carcinomas. Interestingly, from our previous study, we
found that all of the nonendometrioid tumors arose in women with MSH2
mutations (1). In the population-based study of Hampel et al. (9) and subse-
quent follow-up (10), two Lynch syndrome-associated nonendometrioid
endometrial carcinomas were identified, both in women with MSH6 mutations.
In our subsequent studies, we have identified only one woman with an MLH]
mutation and a nonendometrioid endometrial carcinoma. This suggests that
there may be a genotype-phenotype relationship in which MSI due to loss of
MLH], either by methylation of the promoter or due to gene mutation, is almost
exclusively associated with higher-grade endometrioid tumors and undiffer-
entiated tumors. In contrast, MSI due to defects in the MSH2/MSH6 pair can
result in a more varied spectrum of endometrial carcinoma histology. More
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studies including nonendometrioid tumors will be needed to verify this possible
genotype-phenotype relationship.

Although not common, we have also identified a smaller subset of women
with Lynch syndrome endometrial cancer who have tumors arising in, and
centered on, the lower uterine segment. Because of the younger age of these
patients and tumor protruding from the cervix, some of these women had been
previously diagnosed clinically as having cervical cancer. Endometrial and
endocervical adenocarcinoma can usually be readily distinguished by micro-
scopic examination, as endometrial adenocarcinoma is typically estrogen
receptor positive, vimentin positive, and CEA negative by immunohistochem-
istry, while endocervical adenocarcinoma is negative for estrogen receptor and
vimentin, but positive for CEA (11). It is interesting to note that a very informal
survey of familial cancer databases at other institutions has yielded a number of
women with Lynch syndrome with a diagnosis of “cervical cancer.” If possible,
it would be highly informative to reexamine the pathology slides from these
cases to determine if any of these represent endometrial carcinoma arising in the
lower uterine segment.

Synchronous primary tumors of the endometrium and ovary occur in
approximately 10% of women with ovarian carcinoma and 5% of women with
endometrial carcinoma (12). According to the revised Bethesda guidelines,
women with synchronous endometrial and ovarian carcinomas should be eval-
uated for Lynch syndrome (13). In a large study of 102 women with synchronous
endometrial and ovarian carcinomas, only 7 had molecular criteria (MSI-high
with immunohistochemical loss of MLH1, MSH2, or MSH6 protein expression)
or clinical criteria (Amsterdam family history) for a diagnosis of Lynch syn-
drome (14). Therefore, the vast majority of women with synchronous endo-
metrial and ovarian tumors do not have Lynch syndrome.

For the purposes of endometrial cancer prevention, it would be very
useful to know if endometrial complex atypical hyperplasia (CAH), the
immediate precursor to sporadic endometrioid-type endometrial carcinoma, is
also a precursor for Lynch syndrome-associated endometrioid carcinoma. There
is very limited experience with endometrial hyperplasia in Lynch syndrome. In
clinical trials being conducted at M.D. Anderson Cancer Center, we have
encountered two women with CAH at baseline endometrial biopsy. At hyster-
ectomy, both of these women had grade 1 endometrioid adenocarcinoma
associated with CAH. Thus, we believe that CAH is indeed a precursor lesion
for endometrioid-type endometrial adenocarcinomas arising in Lynch syndrome.
Because of the defect in DNA mismatch repair, it has been hypothesized that
colon adenomas, particularly proximal ones, are more likely to progress to
colonic adenocarcinoma, and progress more rapidly, than adenomas in the
general population (15-17). This hypothesis would be extremely difficult to test
in Lynch syndrome-associated endometrial cancer, as it is well established in
the general population that CAH and grade 1 endometrioid adenocarcinoma
frequently coexist (18).
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MICROSCOPIC FEATURES OF MSI-HIGH ENDOMETRIAL CARCINOMA

There is a considerable amount of literature on the presence or absence of
distinctive microscopic features in MSI-high colorectal carcinoma. Some of the
microscopic features that have been associated with the presence of MSI-high
include poor differentiation, mucinous features, signet ring cell differentiation,
mixed tumor histology, tumor cells growing in a medullary-type pattern,
increased tumor infiltrating lymphocytes, and a Crohn’s-like inflammatory
infiltrate at the tumor periphery (19). Most of these studies have not dis-
tinguished between sporadic MSI-high due to MLHI methylation versus MSI-
high due to germline mutation of a DNA mismatch repair gene. It is therefore
unclear if there are microscopic differences between these two MSI-high groups.
It must be noted, however, that these distinctive microscopic features may not be
present in a substantial subset of colorectal carcinoma. Up to 40% of colorectal
carcinomas do not have such distinguishing microscopic characteristics (19).
Therefore, microscopic features alone cannot be used to determine which col-
orectal cancer patients should be evaluated for Lynch syndrome.

Microscopic features of MSI-high endometrial carcinoma have also been
studied, but not to the extent of that for MSI-high colorectal carcinoma (20,21).
As is the case for colorectal cancer, the source of the MSI (MLHI methylation vs.
germline mutation of a DNA mismatch repair gene) was not delineated in these
studies. One study found that MSI-high endometrial cancers were associated
with higher tumor grade, presence of squamous metaplasia, deeper myometrial
invasion, presence of lymphatic/vascular invasion, and extrauterine spread (20).
The Memorial Sloan-Kettering group found that high numbers of tumor infil-
trating lymphocytes and the presence of peritumoral lymphocytes were asso-
ciated with MSI-high (21). At the higher levels of tumor infiltrating lymphocytes
(40 lymphocytes per 10 high-power fields), these counts had a sensitivity of 85%
in predicting MSI-high status but a specificity of only 46%. Although the pub-
lished data for endometrial cancer is limited, it is our opinion that microscopic
features of endometrial cancer are not sufficiently sensitive and specific to be
used as accurate predictors of the presence of high levels of MSI.

OVARIAN CANCER IN LYNCH SYNDROME

The literature on ovarian cancer in Lynch syndrome is even more limited than
that for endometrial cancer. Sporadic ovarian cancer, similar to sporadic endo-
metrial cancer, is an extremely heterogeneous disease. Pathologically, tumors of
the ovary can be divided into epithelial, sex cord/stromal, and germ cell types,
with the epithelial tumors the most common. The most common epithelial type
of tumor is high-grade serous carcinoma, but other subtypes include CCC,
MMMT, mucinous carcinoma, and transitional cell carcinoma. Watson et al. (22)
have compiled the largest published study on ovarian cancer in Lynch syndrome.
In this retrospective study, the clinical records of 79 women with ovarian cancer
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from 14 registries in 11 different countries were analyzed. Forty-four of the
women were from families with known Lynch syndrome mutations, while the
remainder had family histories consistent with Lynch syndrome. A wide variety
of epithelial tumors were identified, including serous carcinoma, mucinous
carcinoma, endometrioid carcinoma, CCC, and mixed histology carcinomas.
Interestingly, five nonepithelial ovarian tumors were also identified, including
granulosa cell tumor (x2), sex cord tumor, endodermal sinus tumor, and dys-
germinoma. Neither immunohistochemistry for MLH1, MSH2, MSH6, and
PMS2 nor MSI analysis was performed on any of these tumors, so it is not yet
certain whether these nonepithelial tumors are truly associated with Lynch
syndrome. Other published reports have examined immunohistochemistry of
DNA mismatch repair gene products and MSI analysis in ovarian cancer (23-28).
These studies have reported a similar wide variety of epithelial histotypes
associated with MSI-high, including MMMT, CCC, mucinous carcinoma,
endometrioid carcinoma, and carcinomas with mixed histologies. From these
previous studies, it is not clear if MLHI methylation is associated predominantly
with the endometrioid histotype, as is the case in endometrial carcinoma with
MLHI1 methylation. Also, from these studies, it is not clear how often pure high-
grade serous carcinoma is associated with the presence of MSI-high, whether due
to MLH 1 methylation or germline mutation of a DNA mismatch repair gene. In a
large study, Rosen et al. (26) found no cases of MSI-high in 168 pure high-grade
serous carcinomas of the ovary. In this same study, MSI-high was detected in
ovarian MMMT, CCC, endometrioid carcinoma, and tumors with mixed his-
tology (including serous). MSI-high, however, was detected in small numbers of
ovarian high-grade serous carcinoma in another study (23). From the above
studies, it appears clear that the presence of a defect in DNA mismatch repair can
result in a wide variety of epithelial histotypes of ovarian carcinoma. This is in
sharp contrast to the situation with hereditary BRCAI or BRCA2 mutations,
which are almost exclusively associated with one histotype of ovarian cancer,
high-grade serous carcinoma (29-31).

HANDLING OF THE PROPHYLACTIC SURGERY SPECIMEN

Prophylactic hysterectomy and bilateral salpingo-oophorectomy is a rational and
effective cancer prevention option in a woman with Lynch syndrome, especially
if she has finished childbearing (32). Such prophylactic surgery may occur
during a colectomy or partial colectomy for a previously diagnosed colon car-
cinoma. Because of the possibility of the presence of an unexpected endometrial
or ovarian carcinoma (33,34), a prophylactic total hysterectomy should ideally
be performed by a gynecologic oncologist who could perform a surgical staging
procedure if necessary. The hysterectomy specimen should be examined intra-
operatively by a pathologist who has been informed that the patient has Lynch
syndrome. The endometrial cavity and the bilateral ovaries should be carefully
examined and any suspicious masses should be analyzed microscopically by
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frozen section. Particular attention should be devoted to the lower uterine seg-
ment, as tumors arising here can be small. If an occult ovarian or endometrial
carcinoma is detected at the time of frozen section analysis, a staging procedure
could then be performed if necessary. If no abnormalities are detected by the
pathologist at the time of intraoperative consultation, then routine pathological
sampling and microscopic examination of the ovaries and endometrium are
sufficient. If the endometrial cavity and bilateral ovaries show no gross abnor-
malities, there is no evidence to support the microscopic examination of the
entire endometrium or ovaries and fallopian tubes. For women with BRCA! or
BRCA?2 mutations, it has been well documented that microscopic, occult carci-
nomas can be present, especially in the fimbriated end of the fallopian tube (35).
Therefore, for these women undergoing prophylactic hysterectomy, the entire
ovaries and fallopian tubes are microscopically examined. To date, such
microscopic carcinomas have not been described in the ovaries or endometrium
of women with Lynch syndrome.

TISSUE TESTING FOR IDENTIFYING WOMEN
WITH LYNCH SYNDROME

Tissue testing (immunohistochemistry and MSI analysis) has emerged as a
practical first step in the evaluation of women thought to be at risk for having
Lynch syndrome. At our institution, we perform immunohistochemistry for
MLHI1, MSH2, MSH6, and PMS2 and MSI analysis from formalin-fixed, paraffin-
embedded tissues. The above antibodies are commercially available. Impor-
tantly, frozen tissues or special handling of tissues are not necessary for these
analyses. For the immunohistochemistry tests, it is important to choose sections
of tumor that have normal cells present. Such nontumor cells serve as extremely
useful internal controls. Figure 3A demonstrates the typical strong, positive

Figure 3 Immunohistochemistry for MSH2 (A) and MLHI (B) in a representative
endometrial carcinoma (200x). This tumor demonstrates strong, positive nuclear
expression for MSH2 in a majority of the tumor cells (dark nuclear staining). However,
the tumor cell nuclei are entirely negative for MLH1 expression, with adjacent nonneo-
plastic stromal cells having intact positive nuclear expression for MLH1.
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nuclear expression of MSH2 protein observed in an endometrial adenocarcinoma
with an intact MSH2 gene. In Figure 3B, the tumor cells show no nuclear
expression of MLH1, while adjacent stromal cells and inflammatory cells are
positive for MLHI1. Therefore, this tumor would be considered positive for
MSH?2, but negative for MLHI.

We perform MSI analysis in parallel with the immunohistochemistry. For
MSI analysis, tumor and normal nontumor tissues are required. Any normal
tissues from the hysterectomy specimen can be used, including cervix, benign
fallopian tube, or benign lymph nodes. The pathologist maps on H&E stained
slides the tumor and the normal areas to be microdissected. The tumor and
normal areas are then carefully scraped from the unstained tissue sections and
placed into Eppendorf tubes for DNA extraction and PCR amplification using
fluorescent primers. For larger tumors, 5 to 10 unstained slides of normal and
tumor usually yield sufficient DNA for the PCR-based MSI analysis. A panel of
seven markers recommended by the National Cancer Institute (36) (BAT25,
BAT26, BAT40, D2S123, D5S346, D173250, and TGF-BR2) is used to detect
changes in the number of microsatellite repeats in the tumor compared with
normal tissue. The amplified DNA is analyzed on an ABI Genetic Analyzer using
capillary electrophoresis. Tumors with allelic shift in two or more microsatellites
in the panel are considered MSI-high. Tumors with no allelic shift in all seven
microsatellites are considered microsatellite-stable. Tumors with allelic shift
in only one microsatellite are considered MSI-low. The significance, if any, of
MSI-low in endometrial and ovarian tumors is not known. A sample chromatogram
for one of the microsatellites is shown in Figure 4. Here, the tumor (lower tracing)
has more peaks than the normal nontumor tissue from the same patient (upper
tracing). Therefore, this would be considered allelic shift for this microsatellite.
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Figure 4 Representative MSI chromatogram for one microsatellite. The tumor DNA
(lower tracing) demonstrates an increased number of peaks compared with the DNA
extracted from nonneoplastic tissue from the same patient (upper tracing). Therefore,

there is allelic shift in this microsatellite. If a tumor exhibits such allelic shift in two or
more of the panel of seven microsatellites, the tumor is considered MSI-high.
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For MSI-high tumors with loss of MLHI1 by immunohistochemistry, we
also perform a PCR-based assay to detect for possible methylation of the MLH]
promoter. If methylation is present, it is much more likely that the patient has a
sporadic carcinoma rather than a Lynch syndrome-associated tumor. The MLH1
methylation assay can be performed using the same DNA as was extracted for
the MSI analysis. In the MLHI methylation analysis, however, the DNA must
be treated with bisulfite to convert any methylated cytosines to uracil. Then, the
bisulfite-treated DNA is amplified using primers that are specific for the
methylated and unmethylated MLH1 gene. Similar to the MSI test, the amplified
DNA is analyzed on an ABI Genetic Analyzer using capillary electrophoresis.

It has been noted that a subset of extracolonic carcinomas from patients
with Lynch syndrome may not exhibit the usual high levels of MSI invariably
observed in the colon carcinomas from these patients (37,38). In one large study,
23% of the endometrial carcinomas demonstrated no MSI, even when an
extended panel of 12 markers was used (38). Such microsatellite-stable or MSI-
low tumors can occur even with documented immunohistochemical loss of a
DNA mismatch repair gene product. The reason for the differing patterns in MSI
between colon carcinomas and extracolonic carcinomas is not clear at this point.

CASE REPORT

LG is a 41 year old woman who presented to her physician with vaginal bleeding
and abdominal pain. Endometrial biopsy revealed high grade endometrioid
endometrial carcinoma. She underwent laparoscopic hysterectomy, bilateral
salpingoophorectomy, and staging procedures. She was found to be stage Illc
secondary to pelvic lymph node involvement and was treated with chemotherapy
and radiation treatment.

Unfortunately, LG was estranged from her family, so no family history
was available. Given her young age, immunohistochemical testing and micro-
satellite instability analysis was performed on her tumor tissue. She was found to
have loss of MSH2 and high levels of microsatellite instability in her tumor.
Subsequent mutation testing confirmed the presence of a MSH2 mutation and,
therefore, Lynch Syndrome. This information proved to be useful, as LG has
2 daughters and 1 son, all younger than 20 years of age. Colon cancer screening
can be initiated in LG, and her offspring can be offered genetic counseling and
possible testing for the MSH2 mutation.

LEARNING POINTS

® The histology of endometrial and ovarian carcinoma arising in the setting
of Lynch Syndrome is heterogeneous.

® Lynch Syndrome endometrial carcinoma is characterized by high levels
of microsatellite instability. Currently, there are no distinct pathologic
features which accurately predict the presence of microsatellite instability.
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MSI-High endometrial cancer secondary to Lynch Syndrome can be patho-
logically distinct from sporadic MSI-High endometrial cancer secondary to
MLH1 methylation.

At the time of prophylactic surgery, the uterus and ovaries should be
evaluated by intra-operative frozen section analysis to evaulate for an
unsuspected endometrial or ovarian carcinoma.

Tissue testing for Lynch Syndrome includes microsatellite instability
analysis, MLH1 promoter methylation assay, and immunohistochemistry
for MLH1, MSH2, MSH6, and PMS2.
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KEY POINTS

* Individuals from Lynch/hereditary nonpolyposis colorectal cancer families
are at increased lifetime risk of several malignancies and are often diagnosed
at an earlier age.

e Current screening recommendations for gynecologic surveillance in this
high-risk patient population include annual pelvic examination, pap smear,
pelvic ultrasound, and endometrial biopsy.

® Any gynecologic complaint such as abnormal bleeding should prompt a
thorough workup including endometrial biopsy.

¢ Chemoprevention, although not proven in this population, may include
oral contraception.

INTRODUCTION

The first description of a family with Lynch syndrome/hereditary nonpolyposis
colorectal cancer (Lynch/HNPCC) was published by Dr. Alfred Warthin in 1913.
The initial proband was Dr. Warthin’s seamstress who was concerned about her
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personal risk of endometrial cancer and indeed later succumbed to this disease.
Family G was later included in the work of Dr. Henry Lynch describing a cancer
family syndrome, which was notable for a preponderance of colorectal, endometrial,
stomach, ovarian, small bowel, and other adenocarcinomas. With the advent of
molecular genetics, germline mutations in family of DNA mismatch repair
genes, including MLH1, MSH2, MSH6, and PMS2, have been found to be the
underlying defect in Lynch/HNPCC families (1-5). The population prevalence of
these genes is about 1/1000 to 1/3000 (6). About 2% of colorectal, endometrial,
and ovarian carcinomas are felt to be attributable to Lynch/HNPCC (7,8).

Individuals from Lynch/HNPCC families are at significantly increased
lifetime risk of several malignancies and are often diagnosed at an earlier age.
The hallmark cancer for Lynch/HNPCC is colorectal cancer. However, for
women, the lifetime risks of endometrial cancer and colorectal cancer are almost
equal at 40% to 60% (9). There may be a difference in the cancer phenotype,
depending on which mismatch repair gene is affected. The risk of ovarian cancer
for individuals with germline mutations in MLH1 and MSH2 is substantially
higher than in the general population, with a lifetime risk of 9% to 12%. MSH2
may be associated with a higher risk of developing endometrial cancer than
MLH1 (35-79% vs. 25-31%), and MSH6 may be associated with a higher risk
(71-73%) of endometrial cancer that presents at a later age (10-13).

Identification of women from a Lynch/HNPCC family allows them the
opportunity to participate in genetic counseling and other familial cancer pro-
grams where they can be educated about their genetic risks and provided
coordinated, multidisciplinary care. Management of gynecologic cancer risks in
this high-risk population involves a three-pronged approach of surveillance,
chemoprevention, and risk-reducing surgery.

SURVEILLANCE
Goals of Surveillance

The objective of a cancer-screening program is to detect tumors at a stage earlier
than it would present naturally so that treatment is more likely to be successful.
Ideally, a screening test must be noninvasive and inexpensive. The prototypical
example of a successful screening test is the Papanicolaou smear, which has been
instrumental in the early detection and prevention of invasive cervical cancer.
Screening for endometrial cancer in the general population is not cost-effective given
the relative low frequency of disease, and generally early disease at the time of
diagnosis. Screening for ovarian cancer in the general population is also not effec-
tive, as our current tests of CA125 and ultrasound lack the sensitivity and specificity
needed to detect early disease with an appropriate positive predictive value.

In Lynch/HNPCC, a successful screening test has been identified through
studies of colonoscopy, which has been demonstrated to decrease mortality (14).
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A prospective cohort study by Jarvinen et al. followed 133 individuals from
22 Lynch/HNPCC families with screening every three years by either colono-
scopy or flexible sigmoidoscopy and barium enema and compared outcomes
with 119 controls who declined surveillance or could not be contacted (15). Over
15 years, the incidence of colorectal cancer was 8/133 (6%) in the screening
group, compared with 19/119 (16%) in the control group, p = 0.014. The relative
risk of death was reduced to 0.344 (95% confidence interval, CI 0.172-0.683).
For gynecologic cancers, there is less definitive data to support screening in this
high-risk population.

HNPCC/Lynch Pathology Characteristics

Characterization of the pathology and clinical outcomes of Lynch/HNPCC-
related endometrial cancer suggests that it has a similar biology to sporadic
endometrial cancer (16). In a cohort of 50 women with Lynch/HNPCC and
endometrial cancer, there were no significant differences in the distribution
stage, grade, or histology when compared with cases of sporadic endometrial
cancer. Most women did present with early-stage disease (78% stage I, 10%
stage II, and 12% stage III/IV). However, the women with Lynch/HNPCC were
younger, with a mean age of 47 at presentation. In another study comparing
women with Lynch/HNPCC endometrial cancer to controls matched for age and
stage, the mean age was 50, and there was no difference in five-year survival
(88% vs. 82%, p = 0.59) (17). In consideration of potential screening and
chemoprevention recommendations, Lynch/HNPCC-associated endometrial
cancer can be predicted to present and behave as sporadic endometrial cancer
would, albeit at a younger age.

In contrast, Lynch/HNPCC-related ovarian cancer is less well understood.
The largest series of 80 patients included cases from 1936 to 1997 and dem-
onstrated a preponderance of early-stage disease (61% stage I, 23% stage II, 14%
stage III, and 2% stage IV) (18). The mean age at diagnosis was 43. Approxi-
mately 90% of tumors were invasive epithelial carcinomas, with a similar dis-
tribution of histologies and grades to the population-based comparison group.
Twenty-two percent of ovarian cancers in patients with Lynch/HPNCC pre-
sented with a synchronous endometrial cancer. A separate case-control study
matched for stage, age, and year of diagnosis found similar five-year survival
rates of 64.2% for Lynch/HNPCC ovarian cancer, compared with 58.1% for
sporadic ovarian cancer (p = 0.59) (19).

While Lynch/HNPCC-related endometrial cancer appears to behave sim-
ilarly to sporadic endometrial cancer, Lynch/HNPCC-related ovarian cancer
seems to present at an earlier stage and often with a synchronous endometrial
cancer. A better understanding of the pathology and clinical course of individ-
uals with Lynch/HNPCC will help elucidate the best screening strategies in this
high-risk population.
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Criteria for Screening

Many unanswered questions remain in the management of gynecologic screen-
ing in Lynch/HNPCC. Current cancer-screening guidelines for women with
Lynch/HNPCC are outlined in Table 1 (20). For gynecologic screening, annual
endometrial sampling and ultrasound are recommended, without strong evidence
for either.

Identifying a high-risk population at risk for cancers associated with
Lynch/HNPCC is challenging. Women fall into several categories: known mutation
carriers, members of a family with a known mutation, members of Amsterdam II
families (see Appendix), members of HNPCC-like families, women diagnosed
with colon cancer at a young age, and young women with atypical endometrial
hyperplasia. Certainly, those women with a mutation or strong family history
should undergo surveillance and be offered risk-reducing surgery.

Another important question is when to begin the screening process for
gynecologic malignancies. The age to begin screening can be ascertained from
the cumulative cancer incidence of ovarian and endometrial cancer from pedi-
gree analysis. A retrospective review of 90 Lynch/HNPCC families based on
Amsterdam II criteria in the Royal Melbourne Hospital registry compared the
age of initial cancer diagnosis and cumulative cancer incidence with population
cancer incidence data (21). The mean age of endometrial cancer diagnosis was
47.9, with a cumulative incidence of 0.3% by age 30, 0.3% by age 35, and 0.9%
by age 40. The mean age of ovarian cancer diagnosis was 48.3, with a cumu-
lative incidence of 0.2% by age 30, 0.5% by age 35, and 0.7% by age 40.
Initiation of a gynecologic screening program at age 3 to 35 would leave 3% to

Table 1 Recommended Management for At-risk Women in Lynch/HNPCC Families

Intervention Recommendation

Colonoscopy Every 1-2 yr beginning at age 20-25 yr or 10 yr
younger than the youngest age at diagnosis in
the family, whichever comes first. For MSH6
families, begin at age 30 yr

Endometrial sampling Every year beginning at age 30-35 yr
Transvaginal ultrasound Every year beginning at age 30-35 yr
Urinalysis with cytology Every 1-2 yr beginning at age 25-35 yr

History and examination, with review Every year beginning at age 21 yr
of systems, education, counseling
Colorectal resection Generally not recommended for primary
prophylaxis, but if cancer diagnosed, subtotal
colectomy is favored
Hysterectomy or oophorectomy Discuss as option after childbearing is complete

Source: From Ref. 20.
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7% of gynecologic cancers to occur before the commencement of surveillance.
The authors conclude that this would be comparable to the 3% of colorectal
cancers that occur before the commencement of screening colonoscopy as
recommended at age 25.

Surveillance Studies

The evidence supporting surveillance to detect early endometrial or ovarian
cancer in Lynch/HNPCC is limited. There are four notable surveillance and
screening studies for gynecologic cancer in Lynch/HNPCC. The first study is a
brief description of the experience of two familial cancer centers in the United
Kingdom and the Netherlands (22). Two hundred and ninety-two women (171
satisfying Amsterdam criteria) between the ages of 25 and 65 were followed
prospectively and offered annual or biennial pelvic ultrasound. Between 1994
and 1999, 522 ultrasounds were performed over 826 patient-years. There were
no cases of endometrial carcinomas detected by screening. There were two cases
of interval endometrial cancers that presented at 5 and 27 months after their last
scans. These women, age 46 and 57, respectively, presented with abnormal
bleeding and were diagnosed with stage I disease.

The second study describes the 10-year experience at the University of
Groningen in the Netherlands where 41 women with Lynch/HNPCC between the
ages of 27 and 60 were offered annual examination, ultrasound, and CA125 level
over 197 patient-years (23). Endometrial sampling was performed for a thick-
ened endometrium of >12 mm in premenopausal woman and >5 mm in a
premenopausal woman. An insufficient office biopsy was followed by a hys-
teroscopy with dilatation and curettage. Thirty-five women were premenopausal.
Four women reported clinical symptoms on annual examination. On further
evaluation, one woman was found to have a benign endometrial polyp. Of
179 ultrasounds, only 17 (in 11 patients) were abnormal. Further evaluation by
tissue sampling of the 11 patients with abnormal ultrasounds resulted in the
diagnosis of atypical endometrial hyperplasia in three women. There were no
abnormal CA125 levels and no ovarian cancers diagnosed in this cohort. One
woman, aged 61, was diagnosed with an interval stage I endometrial carcinoma
after she presented with postmenopausal bleeding 8 months after a normal
ultrasound.

While the first two studies evaluated transvaginal ultrasound as a screening
modality, the third study evaluated the addition of endometrial biopsy to the
screening protocol. In this Finnish study, 175 women with germline mutations in
either MLH1, MSH2, or MSH6 participated in a surveillance program that
entailed endometrial sampling and ultrasound every 2 to 3 years after ages 30 to
35 (24). Fifty-three women attended only one screening session. In total, there
were 503 visits for 759 patient-years. All visits included a clinical examination.
Additionally, 94% of visits included an ultrasound, 74% included endometrial
sampling, and 28% included a CA125 level.
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Twenty-five (5%) women had an abnormal endometrial biopsy, including
11 (2%) who were diagnosed with endometrial cancer. One of the endometrial
cancer patients also had an abnormal ultrasound, while another also had
an abnormal Pap smear. Surveillance endometrial biopsies also identified
14 patients with endometrial hyperplasia; 4 with complex atypical hyperplasia, 8
with complex hyperplasia, and 2 with simple hyperplasia. Forty-three (25%)
women had risk-reducing surgery. One case each of occult adenocarcinoma and
complex hyperplasia were diagnosed in the surgical specimens from prophy-
lactic hysterectomies. Neither case had a preoperative endometrial biopsy.
Additionally, two women were diagnosed with interval cancers—both stage I—3
and 31 months after surveillance.

The 11 screen-detected endometrial cancer patients were compared with
83 women from the same families who were diagnosed with symptom-detected
endometrial cancer (Table 2). Because of the small numbers, there was no sig-
nificant difference in long-term outcomes. Overall, 10-year survival was 100%
in the screened group and 92% in the unscreened group. However, there
appeared to be evidence of stage migration with 7% of women in the surveil-
lance group presenting with stage III/IV disease versus 17% of women who
presented symptomatically.

Six women were diagnosed with an abnormal CA125, one of whom was
eventually diagnosed with ovarian cancer. Overall, there were four women
diagnosed with ovarian cancer—two interval cancers (stage I and stage III)
diagnosed two and five months after normal surveillance visits—and two occult
cancers (both stage I) diagnosed at the time of risk-reducing surgery.

The fourth study reports on the addition of hysteroscopy to endometrial
sampling (25). Fifty-seven women with Lynch/HNPCC were monitored through
annual hysteroscopy and endometrial biopsy over 91 patient-years. Outpatient
flexible diagnostic hysteroscopy was attempted 91 times, with 81 (89%) suc-
cessful procedures. Thirty-four (42%) of 81 hysteroscopies were described as
normal, 12 (15%) showed an endometrial polyp, 11 (14%) showed atrophy, 10

Table 2 Comparison of Screen-Detected Endometrial Cancer
Versus Unscreened Endometrial Cancer in Lynch/HNPCC

Screen-detected Unscreened
endometrial cancer endometrial cancer

Median age 52 (range 36-71) 50 (range 27-85)
Stage at diagnosis

Stage 1 86% 81%

Stage 11 7% 2%

Stage III 7% 13%

Stage IV 0% 4%
10-yr survival 100% 92%

Source: From Ref. 24.



Endometrial and Ovarian Cancer Screening and Prevention 169

(12%) showed hypertrophy, 7 (9%) showed fibroids/adenomyosis, and 2 were
suspicious for malignancy. Endometrial biopsy was attempted 86 times, with 75
(88%) successful procedures. Fifty-three (71%) of 75 endometrial biopsies were
normal (14 atrophic, 12 proliferative, 27 secretory), 6 (8%) showed an endo-
metrial polyp, 3 showed endometrial hyperplasia without atypia, 2 showed
endometrial cancer, and 11 (14%) were nondiagnostic. Despite the recommen-
dation to perform the endometrial biopsy during the first part of the menstrual
cycles, the majority of normal biopsies showed secretory endometrium. Twenty-
four operative hysteroscopy procedures were performed, but no additional cases
of atypical hyperplasia or cancer were identified. The two hysteroscopies sus-
picious for cancer were confirmed by endometrial biopsy. After definitive surgery,
the patients were diagnosed with stage IB grade 3 and stage IC grade 2 endo-
metrioid carcinoma, respectively. Both women with endometrial cancer also had
a history of abnormal vaginal bleeding, even though neither presented for
medical care complaining of these symptoms. In addition to the two women
with endometrial cancer, three other women underwent hysterectomy based on
hysteroscopy/biopsy findings—two were confirmed to have hyperplasia without
atypia, while one had benign secretory endometrium. In total, four women were
diagnosed with endometrial hyperplasia without atypia—three were diagnosed
by endometrial biopsy, and the fourth was diagnosed by operative hysteroscopy
to evaluate a polyp seen on diagnostic hysteroscopy.

In each of the surveillance studies performed in this high-risk population,
the sensitivity of ultrasound and CA125 screening for endometrial and ovarian
cancer remains poor. However, the available evidence suggests that endometrial
sampling is more effective, supported by the improved ability to detect pre-
cancerous conditions such as atypical complex hyperplasia and stage migration
in the screened population. Hysteroscopy may be feasible, but may not add much
to endometrial sampling. To date, there are no adequate data to support ovarian
cancer screening, even in this high-risk population.

Compliance With Screening

The current rates of gynecologic surveillance in Lynch/HNPCC are low. Forty-
four individuals at increased risk for colorectal cancer at the Dana Farber Cancer
Institute were surveyed about their cancer surveillance practices (26). Of this
group, 16 were women with Lynch/HNPCC. Three of the 16 women were less
than age 35 and thus not included in the current screening recommendations.
Similarly, one woman had previously undergone hysterectomy and so was not
eligible for surveillance. Of the 12 women with uterus in situ, only 3 (25%) were
undergoing endometrial surveillance by either ultrasound or biopsy. Ten (63%)
of Lynch/HNPCC patients had reported seeing their gynecologist within the past
12 months. However, only half of them underwent appropriate endometrial
cancer screening, defined for the purposes of this study as annual transvaginal
ultrasound or endometrial biopsy starting at age 35.
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In a survey of 27 mutation carriers from a hereditary colorectal cancer risk
program, 11 of 16 (69%) women with a uterus in situ reported surveillance by either
ultrasound or biopsy (27). Among 21 women with ovaries, 13 (62%) reported
surveillance by ultrasound or CA125. Among six women with colorectal cancer
but no gynecologic disease, the prevalence of surveillance was only 50%.

Since the procedures of ultrasound and endometrial biopsy may be
uncomfortable and unappealing to women, further studies illustrating attitudes
toward screening and surveillance may help increase compliance with screening
for gynecologic malignancies. Additionally, physician’s awareness of current
screening recommendations for this high-risk population may play a role.

Physician and Patient Awareness

The awareness of gynecologic cancer risk and screening may be promoted
through gynecologists, other primary care providers, and genetic counselors.
Taking a family history and educating patients of gynecologic cancer risks when
appropriate should be part of routine care in the gynecologic examination.
Twenty-two of 41 (81%) of women had seen their gynecologist after receiving
their Lynch/HNPCC diagnosis, but only 12% of women report hearing about
their gynecologic cancer risks from their gynecologist, in comparison with 48%
of women hearing this information from a genetic counselor. While limited by
small numbers, these data suggest that women with colorectal cancer alone may
be less likely to follow through with gynecologic surveillance, possibly due to a
lower awareness of their gynecologic cancer risks.

Women with Lynch/HNPCC often present to care after the diagnosis of a
related malignancy. In a study of women with metachronous endometrial and
colorectal cancer, 49% of women presented with the colon cancer first, at a
median age of 40. The median time before developing their next cancer was
eight years (28). The time interval after the diagnosis of their sentinel cancer
allows the opportunity for additional education and reinforcement of recom-
mended screening procedures by colorectal surgeons, medical oncologists,
gynecologists, and other health care providers.

It is unknown if monitoring for symptoms may lead to equivalent diag-
noses or outcomes, but given the number of interval cancers diagnosed in each of
the screening studies, education about symptoms is also important.

CHEMOPREVENTION

There are no studies looking specifically at chemoprevention for Lynch/HNPCC.
However, in the general population there are large case-control studies using the
Cancer and Steroid Hormone (CASH) data collected by the Surveillance, Epi-
demiology, and End Results (SEER) program that demonstrated a 50% reduction
in the risk of endometrial and ovarian cancer with the use of oral contraceptive
pills (29,30). The pathology of Lynch/HNPCC endometrial cancers is similar to
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sporadic endometrial cancer with regard to stage, grade, and histology, so that in
the absence of chemoprevention data specific to the Lynch/HPNCC population,
the potential for prevention can be extrapolated. In the treatment of endometrial
hyperplasia, a variety of progestins with varying potencies have been shown to
be effective at arresting disease progression (31-33). Ongoing research is eval-
uating the role of levonoregestrel oral contraceptive pills versus depomedroxy-
progesterone acetate as possible agents for chemoprevention in women with
Lynch/HNPCC.

Lynch/HNPCC-associated ovarian cancer may be a biologically different
disease when compared with the general population, so the benefit of oral
contraceptive pills in reducing the risk of ovarian cancer is less clear. Using the
model of BRCA1/2-associated ovarian cancer as another high-risk population,
oral contraceptive pills are still considered favorably as the data for hormonal
chemoprevention, suggesting potential benefit and at least no apparent increased
cancer risk (34-36).

CONCLUSIONS

Our personal recommendation, as well as recommendations by the National
Comprehensive Cancer Network (NCCN) and the Journal of the American
Medical Association (JAMA) for surveillance and risk reduction of gynecologic
malignancies of women with Lynch/HNPCC, is to educate women about their
health risks and symptoms of endometrial cancer (20,37). They should be con-
sidered for risk-reducing surgery through hysterectomy with oophorectomy at
age 35 to 40 or on completion of childbearing. Endometrial sampling should
begin annually around ages 30 to 35. Neither ultrasound nor CA125 is effective
enough for routine screening; better ovarian cancer screening test is needed. In
the absence of better screening methods for ovarian cancer, the NCCN recom-
mends transvaginal ultrasound and CA125 levels every 6 to 12 months (37). Oral
contraceptive pills should be considered for women who choose not to undergo
risk-reducing surgery, but the actual risk reduction in women with HNPCC/
Lynch has yet to be quantified. Alternatives for endometrial cancer chemo-
prevention may include other forms of progestin therapy, but this awaits vali-
dation from future studies.

CASE REPORT

E.B. is a 31-year-old gravida 1 para 1 who was recently diagnosed with stage I
colon cancer. She has a family history significant for colon cancer and endo-
metrial cancer. Her mother was diagnosed with colon cancer at age 43 and then
endometrial cancer at age 47. Her maternal grandfather and great grandfather
were diagnosed with colon cancer. E.B. was referred for genetic counseling and
tested positively for a germline mutation in MSH2.
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The patient has been taking oral contraceptive pills for six years. She has
regular menses and no breakthrough bleeding, postcoital spotting, or dyspareunia.
For gynecologic surveillance, she is followed with yearly pelvic examination,
pap smear, pelvic ultrasound, and endometrial biopsy. Although she is still
seeking fertility, she is contemplating undergoing a total abdominal hysterec-
tomy and bilateral salpingo-oophorectomy in the next few years after she is
finished childbearing.

LEARNING POINTS

¢ Individuals with Lynch/HNPCC are often diagnosed with cancer at a
significantly younger age than unaffected individuals.

¢ Individuals with Lynch/HNPCC are at an increased lifetime risk for
multiple malignancies.

® Screening for gynecologic malignancies in this high-risk population should
be performed annually.

® Hysterectomy and oophorectomy should be offered as an option for risk
reduction.
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KEY POINTS

® Individuals with Lynch syndrome are at increased lifetime risk of colorectal
cancer, small bowel cancer, and transitional cell carcinoma of the kidney/
ureter, and other cancers.

* Surveillance by colonoscopy every 1 to 2 years, starting at age 20 to 25 has
been proven to decrease mortality from colorectal cancer in individuals
with Lynch syndrome.

® Guidelines for screening for malignancies in the upper gastrointestinal
tract and urologic system are less clear and should be individualized on the
basis of personal and family history.

INTRODUCTION

Individuals identified to be at risk for Lynch syndrome, by detection of either a
germline mutation in one of the mismatch repair (MMR) genes (hMMLHI,
hMSH2, hMSH6, or hPMS2) or suspected carrier of an MMR gene mutation by
informative tumor studies (high levels of microsatellite instability and/or loss of
MMR protein expression), are recommended to undergo high-risk surveillance of
the colon and rectum and other extracolonic sites. These recommendations also
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apply to either individuals suspected of being at risk or affected members of
Lynch families based on their family history. This chapter will review the lit-
erature regarding screening recommendations for colorectal, stomach, small
bowel, and urinary tract tumors.

SURVEILLANCE AND PREVENTION
Colon Cancer

Individuals with Lynch syndrome have significantly increased lifetime risk for
colorectal cancer (CRC), which is estimated to be as high as 70% by age 70 years
(2). Men with Lynch syndrome have a higher risk than women to develop CRC
(3-5). Approximately two-thirds of the cancers occur in the proximal colon with
the average age of onset in the mid 40s (2). Additionally, these individuals have
a high risk for development of synchronous and metachronous colorectal tumors.
Approximately 7% to 18% of individuals with Lynch syndrome present with
synchronous CRCs, and the risk for metachronous colorectal tumors is up to 50%
within 15 years of the first (6-8). Despite the high cancer risks, it has been noted,
however, that individuals with Lynch syndrome-associated CRC have more
favorable outcome than those with sporadic CRC (9,10).

Adenomas and cancer are more commonly identified in families with Lynch
syndrome (11,12). The adenoma-carcinoma sequence in Lynch syndrome patients
appears to be more accelerated, with carriers of MMR mutations developing
adenomas at earlier ages than noncarriers (13,14). In addition, a significant dif-
ference was noted between size, location, and histology of Lynch-associated
adenomas than sporadic adenomas. Lynch adenomas tend to be proximally
located, and despite being smaller in size than sporadic adenomas, they are often
more highly dysplastic (15). Lynch adenomas >5 mm in both the proximal colon
and rectum were frequently more dysplastic than large sporadic adenomas.

Since adenomas in individuals with Lynch syndrome appear to progress to
CRC faster than in the general population and because of the occurrence of
interval cancers following negative surveillance colonoscopy, the frequency of
colonoscopic surveillance in patients with Lynch syndrome should be at shorter
intervals and begin decades earlier compared with the general population
(16,17). A study in the Netherlands revealed that patients who underwent sur-
veillance at intervals of two years or less were more likely to have localized
cancers if a cancer was detected at surveillance colonoscopy compared with
those who underwent colonoscopy at longer intervals (18). Similarly, a study in
Finland demonstrated that colonoscopy was effective in decreasing CRC incidence
and mortality in Lynch syndrome patients. In this study, a 62% decrease in CRC
incidence and a 65% reduction in overall death rate in hereditary nonpolyposis
colorectal cancer (HNPCC) at-risk individuals who underwent surveillance with
flexible sigmoidoscopy and barium enema or colonoscopy every 3 years over a
15-year period was reported (19). Since the majority of neoplasms in Lynch
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syndrome patients will occur proximal to the splenic flexure, flexible sigmoi-
doscopy has no role in surveillance in the Lynch syndrome unless the patient has
had an abdominal colectomy.

The evidence in support of the frequency and age at which to begin
colonoscopic surveillance demonstrates significant benefits for improved health
outcomes (20). CRC-specific 10-year survival was greater in individuals who
pursued surveillance compared with individuals who did not (21). On the basis of
the clinical data-proving efficacy of colorectal screening, the current recom-
mendation is to repeat surveillance at an interval of 1 to 2 years, beginning at age
20 to 25 years (8,18,20,22).

High-resolution colonoscopy with chromoendoscopy has been shown to
improve the detection of adenomas in individuals with Lynch syndrome (23,24).
In two studies, significantly more adenomas and a significantly higher number of flat
adenomas were detected by chromoendoscopy than by conventional colonoscopy
(24). Clinicians may consider adopting this strategy as part of the high-risk
surveillance plan for individuals who have a high risk for colorectal carcinoma.

The role of prophylactic colectomy in Lynch syndrome is controversial.
However, this procedure should be discussed with each patient and should
potentially be offered as an option to MMR gene mutation carriers. Factors that
would lend support for a prophylactic colectomy is the high lifetime risk for
CRC, the rapid progression from adenoma to carcinoma, the inability to perform
a complete colonoscopy, a patient who refuses colonoscopic surveillance, and
cancer phobia in a patient. It must be kept in perspective that even though the
risk for CRC in Lynch syndrome patients is high, it is not a certainty. The CRC
penetrance in Lynch syndrome patients is incomplete; therefore, approximately
15% to 40% of mutation carriers would undergo major surgery for prophylactic
colectomy despite having the potential to never develop CRC (18). Additionally,
individuals with Lynch syndrome have 10% to 30% risk for the development of
extracolonic tumors as well as rectal carcinoma, so undergoing such a procedure
would not eliminate the need for continued cancer surveillance, including rectal
cancer surveillance (25). Mathematical models have been developed to quantify
the potential benefit of prophylactic colectomy versus endoscopic surveillance
(26,27). In decision model analysis, when estimates of health-related quality of
life were considered, surveillance was preferred over prophylactic colectomy
(26). However, while both models show greater life expectancy for prophylactic
colectomy over surveillance, the gain was very modest (26,27).

On the basis of review of the literature, a recent joint statement from the
American Society for Clinical Oncology and Society of Surgical Oncology
supported prophylactic colectomy in certain circumstances (28). This includes
individuals for whom colonoscopic surveillance is not technically feasible or
who refuse to comply with the frequent colonoscopic surveillance. In clinical
practice, few individuals are recommended to undergo prophylactic colectomy,
and the majority undergo regular colonoscopy for the management of CRC risk
in Lynch syndrome.
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In a patient with Lynch syndrome, who has been diagnosed with CRC, the
increased risk for synchronous and metachronous CRC justifies aggressive
surgical management. The surgical treatment options should include segmental
resection, total or subtotal colectomy, and total proctocolectomy. The initial
workup should include complete colonoscopy, given the proximal location of
CRC in Lynch syndrome and the 7% to 18% incidence of synchronous CRC in
Lynch syndrome patients. Depending on the location of multiple colon and/or
rectal tumors, total colectomy may be the best surgical treatment for some
patients (25). Total colectomy may also be considered at the time of diagnosis as
rationale for prevention of metachronous colon cancer, which is 40% in 10 years
(7,8,29). For patients with index segmental resection, diagnosis of a metachro-
nous CRC would necessitate additional colorectal surgery, including completion
of total colectomy.

Although it would not be possible to conduct a clinical trial evaluating
survival outcomes between the surgical treatment options, mathematical models
suggest that subtotal colectomy would provide the most benefit to younger
individuals with early-stage cancers (30). However, the risk of rectal cancer still
exists following such a procedure (31,32). The lifetime risk of developing cancer
in the rectum following abdominal colectomy has been reported as 3% for every
3 years during the first 12 years after colectomy, or 6% to 20% (25,31).
Therefore, continued surveillance of the rectal stump after abdominal colectomy
is essential.

In summary, colonoscopic surveillance has been demonstrated to decrease
CRC incidence and mortality in Lynch syndrome patients. Therefore aggressive
surveillance should be undertaken in these patients. The surgical options in Lynch
syndrome depend on the location of the tumor, age of the patient, and the clinical
stage of the tumor. All of these factors must be taken into consideration and the
therapy individualized at the time of surgery for CRC in Lynch syndrome patients.

Gastric Cancer

The clinical management of extracolonic cancers in Lynch syndrome is less well
defined. The risk for gastric cancer varies substantially depending on the geo-
graphical region of ascertainment. Studies from the Finnish registry of HNPCC
reported a cumulative risk of 13% for gastric cancer compared with data from
the Dutch population where a 2.1% to 4.3% cumulative risk was reported (4,5).
The rates of gastric cancer are even higher in Asian Lynch syndrome pop-
ulations. After CRC, gastric cancer was the most commonly observed extrac-
olonic cancer in the Chinese population (44%) (33). Data from the Korean
population showed relative risk of 3.2-fold and 11.3-fold increase of gastric
cancer as compared with the reference population and in younger age groups,
respectively (34). The majority of gastric cancers are of the intestinal type, and
consistent with other Lynch syndrome neoplasms, the age of onset of gastric
carcinoma is earlier (34,35).
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Systemic surveillance has been extensively evaluated for gastric cancer in
Lynch syndrome, with varying opinions. The recommendation of the Interna-
tional Society of Gastrointestinal Hereditary Tumors (InSiGHT) is for surveil-
lance of the stomach if there is a positive family history, with initiation of
surveillance at 30 to 35 years and frequency of 1 to 2 years (36). The German
HNPCC Consortium recently reported that only 26% of gastric cancer cases
observed in their series had a family history of gastric cancer, and the majority of
the cancers were diagnosed after the age of 35 years (37). Thus, they recommend
upper GI endoscopy including the duodenum, beginning at age 35 years,
regardless of a positive family history. However, a Finnish group concluded that
surveillance gastroscopy may not be beneficial in Lynch syndrome when com-
paring the results of screening between mutation-positive and mutation-negative
family members (38). In this study, no cases of premalignant dyspalsia or early
cancer were detected. A duodenal cancer was detected and it was advanced (38).

There is no data on efficacy of gastric cancer screening; however, clini-
cians in both North America and Europe recommend upper GI endoscopy for
individuals with a positive family history of gastric cancer or in areas with a high
incidence of gastric cancer (20,39). A discussion between physician and patient
should include the risks and benefits, costs, and lack of demonstrated efficacy for
gastric cancer screening.

Small Bowel Cancer

The risk for small bowel cancer (SBC) is significantly increased in Lynch
syndrome patients; however, it is poorly characterized. The lifetime risk for SBC
ranges from 1% to 4%, which is >100 times the risk in general population
(27,40). The majority occur in the proximal small bowel (41-43). Park et al.
conducted a survey among members of InSiGHT, providing the largest collec-
tion of data to date on the clinical features of SBC (34). The data was ascertained
from 85 individuals in 78 families documenting 90 SBC. The mean age of
diagnosis was 48 years, with 10% of the affected individuals presenting before
age 30 years. Small bowel carcinoma occurred slightly more often in men (60%)
(34). Data from the three large SBC surveys revealed that 34% to 57% of the
individuals presented with SBC as their first Lynch-associated malignancy, 22%
to 33% had SBC as the only Lynch-associated cancer, and few individuals had a
positive family history (6-17%) (41-43).

Evidence-based medicine is lacking for surveillance of SBC in HNPCC.
Most of the small bowel tumors occur in the proximal small bowel, and Park
et al. remark that approximately 43% of SBCs could have been detected by
endoscopy surveillance, supporting the argument for routine surveillance of SBC
(41). The German HNPCC Consortium recommends duodenoscopy or push
enteroscopy starting at the age of 30 years as beneficial for early detection of
proximal SBC (43). However, efficacy of such screening has not been proven for
cost-effective utility, and others advise against screening based on the low
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Table 1 High-Risk Colon and Extracolonic Cancer Surveillance Recommendations for
Lynch Syndrome

Tumor risk Screening modality Frequency Age at initiation
Colon Colonoscopy 12 yr 20-25 yr
Gastric? EGD 12 yr 30-35 yr
Urinary tract® Abdominal ultrasound, urinalysis, 1yr 30-35 yr

and urine cytology

“If there is a positive family history.
Abbreviation: EGD, esophagogastroduodenoscopy.

relative risk and lack of sensitive imaging modalities (27). Prospective studies
are needed to assess the clinical utility and risk and benefits of surveillance for
SBCs in Lynch syndrome.

Urothelial Cancer

Transitional cell carcinoma of the renal pelvis and the ureter occur at increased
frequency in Lynch syndrome. The relative risk of developing transitional cell
cancer of the renal pelvis or ureter is estimated to be 14, with a cumulative risk
of <10% (4,40,44). Vasen et al. observed that MSH2 mutation carriers have a
significantly increased risk of developing urinary tract carcinoma than MLH1
mutation carriers (5). Familial clustering has been observed, and women are
equally affected (44-46). Two large multigeneration pedigrees of families with
documented MMR mutation have been reported with multiple individuals with
upper urological malignancies and individuals with metachronous ureteral and
renal pelvis tumors (44,45).

Recommendations for surveillance of upper urinary tract carcinomas have
been made despite the lack of data-proving clinical efficacy. These recom-
mendations include renal ultrasound, urinalysis, and urine cytology, with further
evaluation of presence of hematuria if the family history is positive for urinary
tract carcinoma (20,36,39). Physicians and patients should acknowledge the lack
of clinical data in support of the benefits of urinary tract cancer screening, despite
use of annual urinalysis and urine cytology as a relatively inexpensive and non-
invasive screening method. A study from Denmark, presented in abstract form,
revealed no benefit from performing urine cytology in the detection of urinary tract
cancers in over 900 Lynch syndrome patients (47). Currently no data exists on
efficacy of screening in this population, and prospective study is needed (20,44).

SUMMARY

Individuals with Lynch syndrome should consider participating in an intensive
surveillance program for the increased cancer risks. Table 1 provides a summary
of the current colon and extracolonic cancer surveillance recommendations.
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Colonoscopic surveillance of frequency every 1 to 2 years, beginning at age 20
to 25 years, has been proven to prevent CRC-related deaths and reduce mortality
(19,48). The effects of a surveillance program showed decrease in CRC mortality
over time (49). Surveillance for extracolonic cancers, including gastric, small
bowel, and upper urinary tract is less clear (20,39). Gastric and proximal SBC
screening may be considered in the context of a positive family history, with
limited data on clinical cost-effectiveness. This would include regular upper
endoscopy beginning at 30 to 35 years. Urinary tract screening, by annual uri-
nalysis with cytology, is noninvasive and relatively inexpensive, with no benefit
proven in review of a large registry cohort (47). Additional studies are required
to evaluate the efficacy of most extracolonic cancer screening in Lynch syn-
drome patients; however, large registries and collaborative efforts may be
required given the rarity of Lynch syndrome.

CASE REPORTS

P.F. is a 42-year-old G1P1 without a personal history of cancer. Her family
history is significant for multiple family members with uterine, colon, and renal
cancer. A mutation in MSH2 was identified in a cousin with colon cancer. P.F. then
underwent predictive genetic testing and tested positive for the same mutation.

P.F. began a cancer surveillance program tailored to individuals with
Lynch syndrome. On her first colonoscopy, a pedunculated polyp was found in
the transverse colon. Pathology revealed a tubular adenoma. The following year,
two small polyps were found in the ascending and descending colon. Pathology
revealed hyperplastic lymphoid nodules. She continues to undergo yearly colo-
noscopy screening.

LEARNING POINTS

* Colonoscopy effectively identifies precancerous polyps and has been shown
to decrease mortality from colon cancers in individuals with Lynch syndrome.

e Consensus groups such as the National Comprehensive Cancer Network
(NCCN) and Cancer Genetics Consortium recommend that colonoscopy
should begin at age 20 to 25 years or 10 years prior to the youngest age at
diagnosis in the family and repeat surveillance every 1 to 2 years (1).
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KEY POINTS

Risk-reducing hysterectomy should be recommended for women with
Lynch syndrome, aged 35 years or older, who have completed child-
bearing.

If a woman with Lynch syndrome is undergoing surgery for colorectal
carcinoma, consideration should be made for the concurrent performance
of a hysterectomy and bilateral salpingo-oophorectomy.

Women with Lynch syndrome undergoing prophylactic hysterectomy may
have an occult malignancy; therefore, preoperative endometrial biopsy and
CA-125 should be considered.

Patients undergoing prophylactic hysterectomy for Lynch syndrome
should have an intraoperative evaluation of the uterus and ovaries.
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INTRODUCTION

Lynch syndrome/hereditary nonpolyposis colorectal cancer (HNPCC) is an
autosomal dominant inherited cancer susceptibility syndrome caused by a
germline mutation in one of the DNA mismatch repair genes (MSH2, MLH],
MSH6, PMS2) (1-4). It is associated with early onset of cancer (age below
50 years) and the development of multiple cancer types including cancer of the
colon/rectum, endometrium, ovary, small bowel, ureter, renal pelvis, as well as
glioblastoma multiforma in the Turcot’s syndrome variant and sebaceous neo-
plasms in the Muir-Torre syndrome variant. Women with Lynch syndrome have
a 40% to 60% lifetime risk of developing endometrial cancer. The risk of
endometrial cancer equals or exceeds the risk of developing colorectal cancer. In
addition, women with Lynch syndrome have a 10% to 12% lifetime risk of
developing ovarian cancer (5,6). There is a great deal of genetic and phenotypic
heterogeneity in Lynch syndrome. Families with MSH6 mutations appear
to have lower expression of colorectal cancers but an excess of endometrial
cancers (7,8).

There is currently limited information on the efficacy of surveillance in
reducing endometrial and ovarian cancer risk in women with Lynch syndrome
(9,10). The current gynecologic cancer screening guidelines include annual
endometrial sampling and transvaginal ultrasonography beginning at age 30 to
35 years (11,12). These recommendations are based on expert opinion alone, as
there have been no controlled studies demonstrating the efficacy of these
screening modalities in young, premenopausal women with Lynch syndrome.

Another option for women with Lynch syndrome is risk-reducing gyne-
cologic surgery. In 1997, the Cancer Genetics Studies Consortium reviewed the
available evidence regarding prophylactic hysterectomy and bilateral salpingo-
oophorectomy (BSO) and published a consensus statement concluding that there
was insufficient evidence to recommend for or against prophylactic surgery to
reduce gynecologic cancer risk in women with Lynch syndrome (11). Despite the
lack of evidence, several authors suggested that prophylactic hysterectomy and
BSO were reasonable options for this group of women following the completion
of childbearing (13-15). Recent studies have provided evidence for the efficacy
of risk-reducing gynecologic surgery in women with Lynch syndrome and will
be reviewed in this chapter (16,17).

RISK-REDUCING SURGERY FOR ENDOMETRIAL
AND OVARIAN CANCER

Schmeler et al. (16) performed a retrospective cohort analysis of 315 women
with germline MLHI, MSH2, or MSH6 mutations. Women who had undergone
prophylactic hysterectomy with or without BSO were compared with those who
had not. Sixty-one women who had undergone hysterectomy for preventive
reasons or benign conditions were matched with 210 controls of similar age. In
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addition, 47 women who had a BSO performed at the time of their hysterectomy
were matched with 223 controls of similar age.

No endometrial or ovarian cancers developed in those who had surgery,
whereas 33% of those who did not have surgery developed endometrial cancer
and 5.5% developed ovarian cancer. In this cohort, 100% of potential new
endometrial (Fig. 1) and ovarian cancer (Fig. 2) cases were prevented with pro-
phylactic surgery. This reduction was significant for endometrial cancer but not
for ovarian cancer; however, power was limited for the latter by the small
number of ovarian cancers diagnosed in the cohort.

The median age at diagnosis was 46 years for endometrial cancer and
42 years for ovarian cancer. Six percent of endometrial cancers and 17% of
ovarian cancers were diagnosed in women younger than 35 years. These findings
were consistent with previous studies of women with Lynch syndrome that
reported the mean age at endometrial cancer diagnosis to be 48 to 49 years
(18,19) and the mean age at ovarian cancer diagnosis to be 42 years (20).

The findings by Schmeler et al. (16) support performing prophylactic
hysterectomy and BSO in women with Lynch syndrome after the age of 35 or
once childbearing is complete. Lindor et al. (12) recently published updated
recommendations for the care of individuals with an inherited predisposition to
Lynch syndrome. The authors performed a systematic review of the existing
literature and provided recommendations for the clinical management of affected
families based on available evidence and expert opinion. The recommendations
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include that prophylactic hysterectomy and BSO should be offered to women
aged 35 years or older who do not want to preserve fertility. However, this
should follow genetic counseling with a careful discussion of the risks, benefits,
and limitations of the procedure.

A recent study by Chen et al. (17) compared management strategies for the
prevention of gynecologic cancers in women with Lynch syndrome using a
theoretical cohort of 10,000 women. They developed a three-arm decision
analytic model comparing (i) annual gynecologic examination, (i7) annual
screening with ultrasonography, endometrial biopsy, and CA-125 levels, and
(iii) prophylactic hysterectomy with BSO. When comparing prophylactic surgery
with screening, the authors reported that one would need to perform 75 surgeries
to save one woman’s life. For cancer prevention, however, only 28 and 6 pro-
phylactic surgeries would need to be performed to prevent one case of ovarian
and one case of endometrial cancer, respectively. These findings provide evidence
that prophylactic hysterectomy and BSO decreases cancer-specific mortality and
cancer treatment morbidity in women with Lynch syndrome.

Occult Cancers at the Time of Prophylactic Surgery

In the study by Schmeler et al. (16), three women (5%) who underwent prophylactic
hysterectomy were found to have occult endometrial carcinomas. This finding
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emphasizes the need for maintaining a high index of suspicion during prophylactic
surgery in women with Lynch syndrome. Previous studies of BRCA mutation car-
riers have reported that 2% to 10% of women undergoing prophylactic BSO have
occult ovarian carcinomas diagnosed at the time of surgery (21-26).

Preoperative assessment with endometrial biopsy, transvaginal ultrasound,
and CA-125 level should be considered. At the time of surgery, the uterus and
ovaries should be carefully assessed. The pathologist should be advised of the
high risk of endometrial and ovarian cancer, and the specimens carefully
examined intraoperatively with frozen sections performed if indicated. In addi-
tion, the surgeon should be prepared to perform a complete staging operation in
the case of occult carcinoma.

Primary Peritoneal Cancer Following Prophylactic BSO

To date, there have been no reported cases of primary peritoneal cancer fol-
lowing prophylactic BSO in women with Lynch syndrome. Previous studies in
women with BRCA mutations have reported an incidence of primary peritoneal
cancer following prophylactic BSO of 0.8% to 1.0% (22,27). Longer follow-up
and further study is necessary to determine the risk of primary peritoneal cancer
in women with Lynch syndrome following prophylactic BSO.

Synchronous and Metachronous Colorectal and
Endometrial or Ovarian Cancer

Women with Lynch syndrome are at high risk for developing synchronous or
metachronous cancers (15,28,29). A woman with Lynch syndrome who survives
colon cancer has a high likelihood of developing endometrial or ovarian cancer.
Similarly, a woman who survives an endometrial or ovarian cancer is at high risk
for developing colon cancer. Lu et al. (15) reported on 117 women with Lynch
syndrome with dual primary cancers. In 16 women (14%), the colorectal and
gynecologic cancers (endometrial or ovarian) were diagnosed simultaneously. Of
the remaining 101 women, 52 (51%) had their endometrial or ovarian cancer
diagnosed first and 49 women (49%) had their colon cancer diagnosed first.

In the study by Schmeler et al. (16), 41 women (13%) were diagnosed with
synchronous (3 patients) or metachronous (38 patients) colorectal and endo-
metrial or ovarian cancers. In 21 of these 41 women (51%), the gynecologic
cancer was diagnosed following treatment for colorectal cancer. The median time
between the diagnoses of colon cancer and gynecologic cancer was five years. The
gynecologic malignancies in these women could have been prevented if prophy-
lactic hysterectomy and BSO had been performed at the time of their surgery for
colorectal cancer. Strong consideration should be given to concurrent prophylactic
hysterectomy and BSO in women undergoing surgery for colorectal cancer.
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Disadvantages of Prophylactic Surgery

The disadvantages of prophylactic hysterectomy and BSO include surgical
complications and premature menopause. The most common surgical compli-
cations associated with hysterectomy and BSO are bleeding, infection, and
injuries to the urinary tract and bowel. These complications have been reported
to occur in 1% to 9% of women undergoing hysterectomy and BSO for benign
conditions (16,30-32).

In premenopausal women, prophylactic BSO results in premature meno-
pause. Symptoms may include hot flashes, vaginal dryness, sexual dysfunction,
and sleep disturbances. In addition, these women are at increased risk for
osteoporosis (33-35). Many of these conditions can be managed with hormonal
or nonhormonal medications (36). Unlike BRCA mutation carriers, there are no
specific or unique contraindications to hormone replacement therapy in women
with Lynch syndrome.

An additional consideration is the finding that ovarian conservation at the
time of hysterectomy for benign disease conferred a survival advantage in
women younger than 65 years. Using a Markov decision analysis model, Parker
et al. (35) compared women who underwent oophorectomy with women who had
ovarian conservation. In women at average risk for ovarian cancer, a prophylatic
oophorectomy before age 55 years was calculated to confer an excess mortality
of 8.58% at 80 years of age. The implications of these findings in women at
higher risk for carcinoma secondary to Lynch syndrome is unclear; therefore,
this information should simply be included in the preoperative counseling of
every patient.

SUMMARY

Risk-reducing hysterectomy and BSO are reasonable options for women with
Lynch syndrome. Given the average age at diagnosis of gynecologic cancers, it
should be offered to women aged 35 years or older who do not want to preserve
fertility. Preoperative counseling should address the trade-offs between cancer
risk reduction and the risks and side effects of surgery. The uncertainties
regarding gynecologic cancer surveillance as a potential alternative approach
must also be discussed. In addition, when a woman is undergoing surgery for
colorectal cancer, consideration should be given to performing a concurrent
prophylactic hysterectomy and BSO.

Further research is necessary to determine the efficacy of screening
methods compared with prophylactic surgery for reduction of endometrial and
ovarian cancer morbidity and mortality in women with Lynch syndrome.
Additional study is also needed to assess the effect of prophylactic surgery on
survival and gynecologic cancer-related deaths.
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CASE REPORT

S.N. is a 48-year-old woman who underwent genetic testing at the age of 38,
following her father’s diagnosis of Lynch syndrome. She was found to have an
MSH?2 mutation. She underwent extensive counseling regarding her endometrial
and colorectal cancer risk. Initially, she chose periodic screening with colono-
scopy and endometrial biopsy. However, after her first endometrial biopsy, she
declined further endometrial screening secondary to discomfort. At the age 48,
she chose to undergo a prophylactic laparoscopically assisted vaginal hysterec-
tomy and bilateral salpingo-oophorectomy.

The surgery was uncomplicated, and no unusual intraoperative findings
were noted. However, final pathology demonstrated mixed clear cell and
endometrioid adenocarcinoma, invading 5 of 12 mm of myometrium with micro-
scopic involvement of the endocervical glands. The bilateral adnexae were
normal. Given the finding of unexpected cancer, the patient underwent a staging
procedure three months after her initial surgery. This consisted of peritoneal
washings, omental biopsy, as well as pelvic and para-aortic lymph node dis-
section. All specimens were free of tumor, resulting in a diagnosis of stage Ila
endometrial cancer.
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KEY POINTS

e Peutz-Jeghers syndrome, Cowden syndrome, and Li—Fraumeni syndrome

are other genetic syndromes with associated gynecologic malignancies.

® Peutz-Jeghers syndrome is characterized by pigmented lip lesions and
multiple gastrointestinal polyps. There is an associated increased risk for
ovarian sex cord-stromal tumors with annular tubules and adenoma
malignum of the cervix. Germ line mutations in STK11/LKB1 have been

identified in the majority of individuals with Peutz—Jeghers syndrome.

® Cowden syndrome, caused by germline PTEN mutations, is associated
with mucocutaneous lesions, hamartomatous gastrointestinal polyps,
macrocephaly, thyroid disease, benign breast disease, breast cancer, and

endometrial cancer.

¢ Li-Fraumeni syndrome, caused by germline mutation in the p53 tumor
suppressor gene, is characterized by young-onset breast cancer, soft tissue
and bone sarcomas, adrenal cortical tumors, brain tumors, and multiple
primary cancers in an individual. Ovarian tumors have been reported in

women with Li-Fraumeni syndrome.
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INTRODUCTION

Peutz—Jeghers syndrome (PJS) and Cowden syndrome (CS) are familial lentigi-
noses syndromes (1) that deserve mention due to their gynecologic manifestations.
Both syndromes are characterized by distinctive dermatologic manifestations,
gastrointestinal polyposis, and an elevated predisposition toward various benign
and malignant growths (2). (Table 1) Li—-Fraumeni syndrome (LFS) is characterized
by multiple diverse neoplasms, including soft tissue sarcomas and young-onset
breast cancer (3,4). These hereditary cancer syndromes result from the autosomal
dominant inheritance of a mutated tumor suppressor gene in the germline DNA,
causing the mutant allele to be present in every cell of the body. Cancer arises in
different tissues through a series of genetic events, including the inactivation of the
second, normal allele. Early recognition of these genetic syndromes provides the
opportunity for specialized care and an aggressive approach to cancer screening.

PEUTZ-JEGHERS SYNDROME
Background and History

PJS is characterized by pigmented lesions on the lips and buccal mucosa and
multiple gastrointestinal polyps. This association was first recognized in a Dutch
family by Peutz in 1921 and definitively reported in descriptive detail by Jeghers
et al. in 1949 (5,6). The eponym “Peutz-Jeghers syndrome” was first used in a

Table 1 Clinical Characteristics of Peutz-Jeghers and Cowden Syndromes

Peutz-Jeghers syndrome Cowden syndrome
Susceptibility gene STK11/LKB1 (19p13.3) PTEN (10q23.31) in 80%
in 60%
Inheritance pattern Autosomal dominant Autosomal dominant
Dermatologic Pigmentation of lips and Hamartoma
manifestations buccal mucosa, which ® Facial trichilemmomas
develops during childhood e Acral keratoses
and fades with age ® Papillomatous papules
Gastrointestinal polyposis Hamartomatous polyposis Hamartomatous polyposis
Genital tract tumors SCTAT, cervical adenoma Endometrial cancer, uterine
malignum leiomyomata
Other malignancies Gastrointestinal (colon, Primarily breast, thyroid,
stomach, small intestine), RCC

pancreas, breast, lung,
thyroid, lymphatic

Clinical morbidity Gastrointestinal bleeding, Cancer
intussusception, cancer

Abbreviations: RCC, renal cell carcinoma; SCTAT, sex cord tumors with annular tubules.
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report published in 1954 (7). Numerous reports have since emerged, detailing the
various clinical manifestations.

Genetics

The PIJS susceptibility gene was discovered in 1998. The susceptibility locus was
mapped to the distal part of chromosome 19p through comparative genomic
hybridization, targeted linkage analysis, and loss of heterozygosity analysis (8).
Mutations in a novel human gene in this locus, encoding the serine/threonine
kinase STK11, were found to segregate with the syndrome in three generations of
an affected PJS family (9). The function of STK1, also known as LKBI, has not
yet been fully elucidated, but it is hypothesized to be a tumor suppressor gene
that controls cell polarity (10). A haplotype analysis of cancer tissue arising in
this syndrome has found loss of heterozygosity with retention of the mutated
germline STK11 allele, providing further support of the STKI1’s role as a tumor
suppressor gene (11).

Mutations in STKI1 are found in about 60% of cases of PJS, suggesting
genetic heterogeneity and the presence of other, yet undiscovered, genes that
cause this disorder (12). Germline mutations in STK/I have been found to be
dispersed throughout the gene, with most causing null alleles (13). It has been
suggested that genetic mutation screening strategies that combine DNA and
RNA approaches may be advantageous (13).

PJS—Associated Tumors
Skin

Characteristic skin findings exist in more than 95% of patients with PJS. Flat,
pigmented macules that look like freckles occur in distinctive areas, such as on
the lips, inside the mouth, and on the dorsal and volar aspects of hands and feet.
These small spots are 1 to 5 mm in size, bluish-gray to brown in color, and exist
most commonly on the lips and perioral region (94%), hands (74%), buccal
mucosa (66%), and feet (62%) (14). They have also been described around the
nostrils, perianal area, and occasionally on the rectal mucosa (5). Biopsy of these
areas reveals the presence of increased melanocytes at the epidermal-dermal
junction and increased melanin in the basal cells (6). Malignant degeneration is
not a typical feature.

This distinguishing pigmentation appears during the first two years of life
and progressively becomes more prominent over the first decade of life, with the
macules increasing in number and size. After puberty, the pigmentation char-
acteristically fades (15), which can lead to difficulty in making the diagnosis at
older ages. However, the macules on the buccal mucosa characteristically persist
(5,6,16), making this an important place to examine when considering PJS in the
differential diagnosis.
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Gastrointestinal Tract

Gastrointestinal polyps are the source of major clinical morbidity in PJS. They
begin to grow in the first decade of life (14) and are found throughout the gastro-
intestinal tract, but most commonly in the small intestine, particularly the jejunum
(14,16,17). They are classified as hamartomas, which are disorganized pro-
liferations of the mature cell types that are normally found within the organ (17).

Symptoms include acute and chronic gastrointestinal bleeding and
abdominal pain due to recurrent intussusceptions (18). The average age of diag-
nosis based on gastrointestinal symptoms is around 22 to 26 years (14,17), with
patients presenting with intestinal obstruction (42%), abdominal pain (23%), rectal
bleeding (13%), or rectal extrusion of a polyp (7%) (14). Intussusception occurs in
about 47% of patients, and about half of the patients will require operation (14).
Patients have been reported to undergo multiple surgeries and can be left with the
complications of short bowel syndrome (19).

Genital Tract

PIJS is associated with rare tumors of the ovary, testis, and cervix (18). Females
with the syndrome are at risk for developing ovarian sex cord—stromal tumors
with annular tubules (SCTAT), which have a histology intermediate between
granulosa cell and Sertoli cell tumors (20). Males with the syndrome can develop
testicular tumors with a histology intermediate between sex cord tumor with
annular tubules and large cell calcifying Sertoli cell tumors (21). In both genders,
these stromal tumors can be hormonally active, causing signs of hyper-
estrogenism. Boys can develop gynecomastia, girls can present with isosexual
precocious puberty, and reproductive-age or postmenopausal women can dem-
onstrate signs of menstrual irregularity or postmenopausal bleeding (21-27).

The ovarian SCTAT is a rare tumor that is distinctly associated with PJS
(28). These lesions are typically benign, multifocal, bilateral, and small,
potentially microscopic in size (22). They are usually found incidentally and
rarely undergo malignant conversion (29). In contrast, SCTAT tumors that occur
sporadically are usually unilateral, large, and more frequently become malignant
(22). Other ovarian pathology reported in PJS includes granulosa cell tumor
(30,31), Sertoli-Leydig cell tumor (32), borderline tumors (33), and mucinous
tumors (34,35).

A rare cancer of the cervix has also been found to occur in patients with
PJS. Adenoma malignum, or minimal deviation adenocarcinoma, is notoriously
difficult to diagnose (36,37). This mucinous neoplasm demonstrates a deceptive
well-differentiated histology, but is associated with an aggressive clinical course
(37,38). Several reports have described the detection of this malignancy in PJS
with various imaging modalities, such as ultrasound, CT, and MRI (39,40), with
the tumor appearing as a multicystic, hyperechoic, endocervical mass.
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Malignancies

Patients with PJS have an elevated lifetime risk of 22% to 38% for developing
malignancies in various sites (41,42), with one meta-analysis suggesting a
cumulative risk for all cancers of 93% by age 64 (43). Compared with the
general population, the relative risk for a PJS patient developing cancer was
estimated to be elevated ninefold (RR 9; 95% CI, 4.2, 17.3), with the risk being
elevated 13-fold for the development of a gastrointestinal malignancy (RR 13;
95% CI, 2.7, 38.1) (42). In a more recent series, the risk of developing cancer
was higher in PJS females (RR 18.5; 95% CI, 8.5, 35.2), than in males (RR 6.2;
95% CI, 2.5, 12.8), and the risk was particularly elevated for the development of
breast and gynecologic malignancies (RR 20.3; 95% CI, 7.4, 44.2) (41). The
chance of a PJS patient dying from cancer by the age of 57 was estimated at 48%
(42). In a follow-up report of the original Dutch family reported by Peutz, only
17 of 22 affected family members survived into adulthood. The average age of
death was 38 for affected family members, compared with 69 in unaffected
family members (44).

Gastrointestinal malignancies have been reported in the colon, duodenum,
stomach, esophagus, ileum, jejunum, and stomach (45-47). While hamartomas
are benign lesions, there is evidence to suggest that they can undergo adenom-
atous and neoplastic changes (11,19,47,48), progressing through a hamartoma-
adenoma-carcinoma sequence.

Malignancies have also been reported in the pancreas, lung, breast, endo-
metrium, kidney, thyroid, gallbladder, bile duct, blood stem cells (6,41,43,46,49,50),
and female reproductive tract (detailed above). One study estimated the risk of
developing breast cancer to be 32% by the age of 60 (51).

Clinical Recommendations

The clinical management of PJS should address the morbidity caused by the mul-
tiple gastrointestinal hamartomas as well as the elevated risk of various malig-
nancies. Patients suspected to have PJS should be offered genetic counseling and
testing (52). The early introduction of appropriate screening strategies is predicted to
improve prognosis (53). Various management algorithms have been proposed, but
none have been validated, and the optimal treatment strategies remain unknown.
In the first two decades of life, the gastrointestinal polyps are the major source
of clinical morbidity. Several groups have recommended beginning upper endos-
copy and small bowel series at the age of eight and to continue every two to three
years if polyps are encountered (54). Endoscopic or surgical removal of the polyps
can be performed and may lead to reduced risk of acute or chronic bleeding,
intussusception, or need for emergent surgery for bowel obstruction (55,56). It has
been suggested that the rate of new polyp formation may slow with age (57).
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Cancer surveillance can be performed keeping in mind the reported sites of
potential malignancy, including the breast, colon, pancreas, stomach, small
bowel, ovaries, uterus, cervix, and testicles. One group has suggested a screening
strategy that introduces colonoscopy, upper endoscopy, and small bowel series
every 2 to 3 years beginning at age 18 and endoscopic ultrasound of the pancreas
+CT scan and CA19-9 every 1 to 2 years beginning at the age of 25. Males are
also at risk for testicular tumors and should have testicular ultrasound every two
years starting at birth. Females are at risk for ovarian, cervical, and breast
cancers (58) and should add monthly breast self-examination at age 18, yearly
pelvic examination and pap smear at age 21, clinical breast examination every
six months at age 25, and yearly breast mammogram or MRI, transvaginal
ultrasound, and CA125 blood test at age 25 (54). These remain expert recom-
mendations that have not yet been validated as effective screening strategies.

COWDEN SYNDROME
Background and History

CS is an autosomal dominant disorder that was first described in 1963 in the
family of Rachel Cowden (59). Also known as multiple hamartoma syndrome,
the disease demonstrates high penetrance in both sexes (60) and is characterized
by the development of multiple hamartomas, distinctive dermatopathologic
manifestations, and a predisposition toward various malignancies (2,61). The
incidence was originally estimated to be about one per million (62), but it is now
believed to be much more common, as the variable expression of the disease can
lead to subtle clinical signs and underdiagnosis. The incidence is now believed to
be closer to 1 per 200,000 (63), but this may also prove to be an underestimate.

The most commonly reported features include mucocutaneous lesions,
macrocephaly, thyroid abnormalities, fibrocystic breast disease, breast and thyroid
cancer, and early-onset uterine leiomyoma (60,61,63-65). More recently, endo-
metrial cancer has been recognized to be a feature of this syndrome (66,67). More
than 90% of patients with CS are believed to manifest clinical signs by the age of
20 and 99% will develop mucocutaneous changes by the age of 29 (60,68).

Genetics

In a search for the CS susceptibility gene, an autosomal genome scan using DNA
markers in 12 affected families found a maximum lod score at a marker on
10g22-g23 (68). The following year, a novel tumor suppressor gene, PTEN
(protein tyrosine phosphatase with homology to tensin), was found in this
location and demonstrated to be mutated in sporadic brain, breast, and prostate
cancer (69,70). The PTEN gene was demonstrated to be the CS susceptibility
gene with germline mutations segregating with disease in four of five CS fam-
ilies (71). Subsequent studies have confirmed germline mutations in about 80%
of probands with CS with mutations scattered throughout the gene (62,72).
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Germline mutations in PTEN have also been found in 60% of patients with the
related Bannayan-Riley-Ruvalcaba syndrome (BRRS), which is characterized by
lipomatosis, macrocephaly, and a speckled penis (73,74).

PTEN encodes for a ubiquitously expressed, multifunctional phosphatase
that removes phosphate groups from tyrosine and serine residues and from lipids
(74). One of its main functions is to inhibit the PI3’-kinase/AKT cell survival
pathway (75,76). Loss of PTEN inhibition allows for unchecked AKT-mediated
cell survival, cell motility, and resistance to apoptotic signals (74,77,78).

The importance of PTEN’s tumor suppressor activity is highlighted by the
finding of somatic PTEN mutations in multiple sporadic tumors, including
cancers of the thyroid, endometrium, prostate, and brain (71,79-81). A hetero-
zygous PTEN mouse model provides additional support for the role of PTEN in
tumor suppression. The PTEN+/— mice experience a high rate of breast and
endometrial cancers as well as loss of heterozygosity at the PTEN locus in the
tumor tissues (82).

Diagnostic Criteria

In 1995, investigators from North America and Europe who were interested in
localizing the CS susceptibility gene formed the International Cowden Syndrome
Consortium. They generated consensus diagnostic criteria based on expert
opinion that have subsequently been tested and found to be robust (66). On the
basis of emerging information, the criteria have periodically been revised, and
they now include endometrial cancer and RCC as diagnostic entities. The
U.S.-based National Comprehensive Cancer Network (NCCN) has adopted these
criteria (83). The most recent guidelines are listed in Table 2 and are available
at the NCCN website (www.nccn.org) in the NCCN Clinical Practice Guideline
in Oncology—Genetic/Familial High-Risk Assessment: Breast and Ovarian
V.1.2007 algorithm (84).

CS-Associated Tumors
Skin

CS patients will develop characteristic mucocutaneous changes in the second and
third decades of life (85). Hamartomatous lesions, such as facial trichilemmomas,
acral keratoses, and papillomatous papules, are defined to be pathognomonic
diagnostic criteria. Trichilemmomas are benign tumors that arise from the outer
root sheath epithelium of hair follicles and are characteristically found on the
face in CS (60,86). Acral keratoses are smooth or verrucous growths found on
the hands and feet (65,85). Papillomatous papules are small, solid, epithelial
elevations that can occur on the skin or mucosal membranes. A coalescence of this
process in the mouth can lead to a cobblestone appearance of the tongue or a
furrowing known as scrotal tongue (64). These mucocutaneous changes generally
precede the development of internal malignancies (85).
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Table 2 NCCN Diagnostic Criteria for CS

Pathognomonic criteria Adult LDD
Mucocutaneous lesions
® Trichilemmomas, facial
® Acral keratoses
® Papillomatous papules
Major criteria Breast cancer
Thyroid cancer, especially follicular thyroid carcinoma
Macrocephaly (megalocephaly) (i.e., >97th percentile)
Endometrial cancer
Minor criteria Other thyroid lesions (e.g., adenoma, multinodular goiter)
Mental retardation (i.e., IQ < 75)
Gastrointestinal hamartomas
Fibrocystic disease of the breast
Lipomas
Fibromas
GU tumors (especially renal cell carcinoma)
GU structural manifestations
Uterine fibroids
Operational diagnosis Any single pathognomonic criterion, but mucocutaneous
in an individual lesions if meeting specific criteria two or more major
criteria one major and >3 minor criteria >4 minor criteria
Operational diagnosis in a  Individuals must have one or more of the following:
family where one relative A pathognomonic criterion
is diagnostic for CS Any one major criteria with or without minor criteria
Two minor criteria
History of BRRS

Abbreviations: LDD, Lhermitte-Duclos disease; GU, genitourinary; IQ, intelligence quotient;
CS, Cowden syndrome; BRRS, Bannayan-Riley-Ruvalcaba syndrome.
Source: From Ref. 84.

The presence of specific numbers or combinations of these mucocutaneous
lesions is sufficient to make the diagnosis of CS, even in the absence of other
clinical findings (84). Other dermatologic findings, which are included as minor
diagnostic criteria, include lipomas or fibromas (84).

Gastrointestinal Tract

Hamartomatous polyps of the intestine affect approximately 40% to 60% of
patients with CS (60,87). Polyps have been described in the esophagus, stomach,
small and large intestine, colon, and anus. The malignant potential of these polyps
is low, and only isolated cases of colon cancer have been reported (88).

The presence of gastrointestinal hamartomas is a minor diagnostic
criterion (84).
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Central Nervous System

Macrocephaly is the most common extracutaneous manifestation of CS, occur-
ring in 80% of patients (60). Progressive macrocephaly and mild to moderate
mental retardation may be important diagnostic signs in young children, as they
are present before the development of mucocutaneous changes (61). Lhermitte—
Duclos disease (LDD), which is characterized by macrocephaly, ataxia, and
cerebellar hamartomas (dysplastic cerebellar gangliocytomatosis), cosegregates
with a subset of CS families (71).

The presence of LDD alone is sufficient to make the diagnosis of CS.
Macrocephaly (> 97th percentile) is a major diagnostic criteria, and mental
retardation (i.e., IQ < 75) is a minor diagnostic criteria (84).

Neck

Thyroid disease occurs in 62% of CS patients, encompassing a spectrum of benign
(goiter, benign adenomas, thyroglossal duct cysts) and malignant (particularly
follicular thyroid carcinoma) pathology (59,60). Multiple papillomas on lingual
tonsils, epiglottis, and surrounding structures have also been observed in a patient
with CS. These polyps were the source of airway obstruction during induction of
general anesthesia for breast cancer surgery (89).

Thyroid cancer is a major diagnostic criterion, and other thyroid lesions
(e.g., adenoma, multinodular goiter) are minor diagnostic criteria for CS (84).

Breasts

Benign changes, such as fibrocystic breast disease, occur in 75% of female CS
patients. The spectrum of benign breast disease includes fibrocystic changes,
fibroadenomas, benign ductal hyperplasia, intraductal papillomatosis, adenosis,
lobular atrophy, breast hamartomas, and densely fibrotic hyalinized nodules (90).

Breast cancer is the most common malignancy to occur in CS, affecting
over 20% of patients, with a mean age around 40 to 45 years (range 14-65 years)
(60,64). The histopathology is most commonly ductal, but also includes lobular
carcinomas (90). Cases of male breast cancer have also been reported (91).

Breast cancer is a major diagnostic criterion, and fibrocystic disease of the
breast is a minor diagnostic criterion for CS (84).

Genitourinary Tract

Patients with CS can develop a spectrum of benign and malignant changes in
the genitourinary tract. Endometrial cancer is now recognized to be within the
spectrum of pathology in this disorder, and it has been suggested that the
presence of endometrial cancer in a family might increase the likelihood of
discovering a causative germline mutation (66,67). Other pathology described in
the female genital tract include multiple, early-onset uterine leiomyomata (60).
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In the urinary tract, structural malformations, benign ureteral polyps, and tumors
such as renal cell carcinomas (RCCs) have been described (63).

Endometrial cancer is a major diagnostic criterion. Genitourinary tumors
(RCCs), genitourinary structural manifestations, and uterine fibroids are all
minor diagnostic criteria (84).

Malignancies

CS is a hereditary cancer syndrome. Breast cancer, thyroid cancer (especially
follicular carcinoma), and endometrial cancer are all among the major diagnostic
criteria and genitourinary tumors (especially RCCs) are among the minor
diagnostic criteria (84). All of these malignancies occur at a higher than expected
frequency among affected individuals. Other tumors that have been observed in
patients with CS include cancers of the liver, pancreas, colon, ovary, bladder,
brain, lung, bone, and skin (62,67,85,92-94).

Clinical Recommendations

Individuals who meet the diagnostic criteria for CS (Table 2) should be offered
genetic counseling. Genetic testing for germline PTEN mutations has recently
become available. Recognition and diagnosis of this syndrome provides the
opportunity for heightened cancer surveillance. The NCCN guidelines for CS
management are listed in Table 3 (84). Endometrial cancer screening via endo-
metrial biopsy is recommended, but there is no data to support its efficacy.

LI-FRAUMENI SYNDROME
Background and History

LFS was originally described in 1969 as a familial clustering of soft tissue
sarcomas, young-onset breast cancers, and other diverse neoplasms in families,
with etiology unknown (3,4). Follow-up of these and additional families, plus
findings from other investigators, confirmed this familial cancer aggregation as
a distinct syndrome with elevated cancer risk (95-97). Additional studies
provided statistical evidence for a likely genetic causation (98). In 1988, Li
et al. summarized the longitudinal follow-up data on 24 families and estab-
lished clinical criteria for the syndrome (Table 4) (99). These criteria included
a proband with a sarcoma occurring before 45 years of age, with a first-degree
relative with any cancer before 45 years of age and an additional first- or
second-degree relative in the same lineage with any cancer before 45 years of
age or a sarcoma at any age. Further, they defined the component tumors of the
syndrome that were in significant excess in individuals under the age of 45 in
their kindreds. These included bone and soft tissue sarcomas, breast cancer,
brain tumors, leukemias, and adrenocortical carcinomas. Their overall sum-
mary showed a high frequency of multiple primary tumors occurring in the
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Table 3 NCCN Guidelines for CS Management

Recommended screening tests When to begin screening

Men and women

Annual comprehensive physical Age 18 yr or 5 yr earlier than earliest
examination, attention to breast, cancer diagnosed in family
and thyroid examination

Annual urinalysis Consider annual urine cytology and

renal ultrasound if family history of
renal cancer
Baseline thyroid ultrasound, consider Age 18 yr
repeating annually
Annual dermatologic examination
Education regarding signs and symptoms of
cancer
Advise about possible inherited cancer risk
to relatives and consideration of genetic
consult and/or testing

Women
Breast self-examination, monthly breast Age 18 yr
self-examination
Semiannual clinical breast examination Age 25 yr or 5-10 yr earlier than
earliest breast cancer in family
Annual mammography, breast MRI Age 30-35 yr or 5-10 yr earlier than
earliest breast cancer in family
Blind endometrial biopsies Age 3540 yr or 5 yr earlier than
earliest endometrial cancer in family
Annual endometrial ultrasound Postmenopausal
Discuss option for risk-reducing
mastectomy

Abbreviations: NCCN, National Comprehensive Cancer Network; CS, Cowden syndrome; MRI,
magnetic resonance imaging.
Source: From Ref. 84.

syndrome, with sarcomas and breast cancers the most common tumors, as
initial and as subsequent tumors. The syndrome differed significantly from
most familial or hereditary cancer syndromes described at that time by the
absence of any stigmatizing anomalies, the diversity of observed cancer types,
and the high frequency of multiple primary tumors.

Genetics

Using a candidate gene approach, in 1990, deleterious germline mutations in the
tumor suppressor gene p53 were identified in several LFS families (100,101), and
mutations were shown to segregate with the cancer phenotype (102). Given that
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Table 4 Diagnostic criteria for Li-Fraumeni syndrome and Li-Fraumeni-like syndrome

Li-Fraumeni syndrome
(99) 1988

Birch Criteria (Li-Fraumeni
like syndrome) (104) 1994

Chompret Criteria
(105, 106) 2000

Proband <45 years
with a sarcoma

Plus
First degree relative
<45 years with any
cancer

Plus
Additional first-or
second degree relative
in the same lineage
aged <45 years with
any cancer or sarcoma
at any age

Proband with any childhood
tumor, or sarcoma, brain
tumor, or adrenocortical
tumor <45 years

Plus
First-or second degree relative
in the same lineage with
typical LFS tumor at any age
or any cancer <45 years

Plus
Another first-or second degree
relative in the same lineage
with any cancer <60 years

Proband with sarcoma, brain
tumor, breast cancer or
adrenocortical carcinoma
<36 years

Plus
At least one first-or second
degree relative affected by
sarcoma, brain tumor, breast
cancer or adrenocortical
carcinoma (other than breast
cancer if the proband is
affected by breast cancer)
<46 years or multiple primary
tumors

OR
Proband with multiple
primary tumors two of which
are sarcoma, brain tumor,
breast cancer or adrenocortical
carcinoma and the first of
which occurred before
<36 years

OR
Proband with adrenocortical
carcinoma whatever the age of
onset and family history

somatic mutations in p53 were known to be associated with a variety of human
tumors, it seemed reasonable that germline p5S3 mutations might underlie this
hereditary syndrome of diverse neoplasms (103). Although not all families that
meet the classic LFS criteria have p53 germline mutations, and not all families
with p53 germline mutations have classic LFS criteria, for the purpose of this
chapter, LFS and germline mutation in p5S3 have been considered equivalent.
LES is regularly cited as rare, accounting for only a small fraction of most
cancer types, excluding those rare sites mentioned above. Until recently, there
have been little data on overall population incidence. However, from their U.K.
population-based study of breast cancer occurring before age 31 in which all
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patients were genotyped for BRCA1/2 and p53, Lalloo et al. estimated that the
birth prevalence of p53 germline mutations may be 1 in 5000, a higher frequency
than this might have been expected, suggesting that many cases are likely not
detected clinically (104,105).

The penetrance for cancer in germline p53 mutation carriers has been
estimated in several populations. Chompret et al. and Hwang et al. observed an
earlier age of cancer onset and higher cumulative cancer risk in female (90-100%)
as compared with male (70%) mutation carriers (106,107). Breast cancer
accounted for the majority of the female cancers, with the highest risk occurring
between the ages of 20 and 45 years.

LFS is also associated with a high risk of multiple primary tumors.
Hisada et al. reported on follow-up of the original 24 LFS kindreds (not all
were available for p53 mutation testing) (108). In that series, the cumulative
risk of a second cancer at 30 years after first cancer diagnosis was 57%
(£10%), with the highest risks occurring in those with the youngest age at first
cancer. The majority of subsequent cancers were of the previously defined
component tumor spectrum.

LFS-Associated Tumors
Component Tumors

With the advent of genetic testing, it was important to clarify further the spec-
trum of tumor types and cancer risks associated with carrying a p53 germline
mutation, as well as the criteria for LFS and for genetic testing. To determine
whether there might be a broader spectrum of tumors or range of cancer risks not
detected by the classic criteria, less rigorous criteria were developed by Birch
et al. and more recently by Chompret et al. (Table 4) (106,109,110). Importantly,
the criteria of Chompret allowed for the potential of de novo mutations, relying
on the proband’s affection status, regardless of the family history of cancer
(106,110). These criteria were predicted to identify a mutation in about 20% of
patients meeting the criteria.

As there has been more germline p53 testing, the cancer risk has become
more clear. Many studies have examined the frequency of p53 germline muta-
tions in specific cancer types. These studies have identified rare tumors with an
extremely high-risk probability of being associated with a p5S3 germline muta-
tion, such as childhood adrenal cortical carcinomas (50-80%), choroid plexus
tumors, and embryonal rhabdomyosarcoma before the age of three years
(111-114). The high frequency of young-onset breast cancer in p53 mutation
carriers led to many studies to determine the overall contribution of p53 to young
onset or familial breast cancer. However, the frequency of mutations in familial
breast cancer, bilateral breast cancer, breast cancer with multiple primary
tumors, and breast cancer below the age of 40 years is low (115). Even selection
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for patients with breast cancer occurring before 31 years of age and not attrib-
utable to BRCA1/2 mutations yields only a 4% to 5% incidence of a p53
germline mutation (104,105). Clearly, none of the guidelines offer both high
predictive value and sensitivity for detection of LFS.

LFS and Gynecologic Cancer

Gynecologic cancers have never been cited as component tumors in the LFS
criteria. However, p53 mutations are commonly observed as somatic mutations
in ovarian and other gynecologic cancers; thus, it is not surprising that gyne-
cologic tumors are occasionally reported in LFS, both in systematic series
and case reports (107,108,116-125). In a survey of p53 somatic mutations in
ovarian cancers, Kupryjanczyk et al. noted that 2 of 20 patients whose tumor had
a p53 mutation also had a p53 germline mutation (116). However, in most
systematic studies of LFS, no excess of gynecologic tumors has been noted
(100,120-122). To date, no specific clusters of gynecologic cancers have been
observed in LFS kindreds, and no specific genotype or phenotype correlation for
gynecologic tumors noted. Nevertheless, the most frequently reported gyneco-
logic tumor is ovarian cancer that occurs at a strikingly earlier age of onset in
LFS (39.5 years) than in the general population (64.3 years) (122).

Given the above data, surprisingly Hwang et al. noted a highly significant,
four ovarian cancers in 29 female p53 mutation carriers in families ascertained
through a systematic series of childhood sarcoma patients (107). The familial
cohort was not selected for familial cancer or multiple primary tumors and had
been followed longitudinally for many years. Only two of the ovarian tumors had
occurred when the families were ascertained, the other two developed during
follow-up. In an expansion of that series in which ascertainment was not related
to gynecologic tumors (Strong et al., unpublished data), we have now observed
7 ovarian tumors in 93 female pS3 mutation carriers, such that 7.5% of female
mutation carriers have developed a gynecologic tumor (1 in 13). This is a fivefold
higher risk than the lifetime risk of 1.4% reported for women born today, or 1 in
71 (126). The gynecologic tumor types observed were variable, including an
ovarian leiomyosarcoma, ovarian choriocarcinoma, both high-grade (2) and low
malignant potential (1) papillary serous ovarian carcinomas, and a juvenile
granulosa cell ovarian tumor. The range of ages at diagnosis was 13 to 62 years,
with all but one of the gynecologic tumors occurring following one or more other
cancers. The average age at onset for the epithelial tumors was 48 years, sig-
nificantly earlier than in the general population in which 60% occur over the age
of 50 years (126). Interestingly these numbers are similar to those of Hisada et al.
who reported follow-up data on the original 24 LFS kindreds in which there were
8 gynecologic cancers (6 ovarian, 2 uterine) in 104 women, including two
occurring after previous cancers (108). So although ovarian cancers are reported to
represent only 1.7% of tumors in the IARC p53 TP53 Mutation Database, they
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may still be an important source of morbidity and mortality in LFS patients (127).
Few other gynecologic tumors have been observed.

Given the high frequency of young-onset breast cancer in LFS, it is likely
that most LFS kindreds with ovarian cancers will present to the gynecologist as
possible hereditary breast-ovarian cancer syndrome. However, if negative for
BRCA1/2, depending on the further personal and family history, p53 mutation
testing may be indicated. Walsh et al. identified germline p53 mutations in a few
breast cancer families (123). Key indicators of risk would include those criteria
outlined in Table 4 in terms of personal and family cancer history, in particular
the occurrence of at least one of the component LFS tumors, in addition to young
onset breast cancer. However, we cite a cautionary note regarding the reliability
of cancer family history for LFS. Lalloo et al. conducted a population-based
study of women diagnosed with breast cancer aged 30 years or younger in the
United Kingdom (104,105). In this study of 99 patients who were tested for
mutations in BRCA1/2 and TP53, four probands with p53 germline mutations
were identified. Although two ultimately were found to have a cancer family
history consistent with LFS, they had not been recognized at the time of diag-
nosis. The other two had been considered nonfamilial, with one shown to be a de
novo mutation. Overall, of those young breast cancer patients negative for
BRCA mutations, p53 mutations were observed in 5%. The study demonstrated
the difficulty in obtaining a clear LFS family history, even when it was present,
as has been noted previously; however, more importantly, the study also indi-
cated that the LFS patients accounted for most of the young breast cancer
patients who developed multiple primary cancers (128). Given the frequent
occurrence of additional cancer in radiation-treated sites in LFS patients, the
investigators recommended avoiding radiation therapy in cancer treatment, when
feasible, providing a strong rationale for identifying those at-risk patients.

Clinical Recommendations

Given the rarity of experience with gynecologic tumors in LFS patients, there are
no data regarding distinct prognosis or treatment, other than the recommendation
to avoid radiation treatment, if feasible. The only specific screening recom-
mendations for p53 germline mutation carriers are the American Cancer Society
breast screening guidelines based on level of risk; the guidelines include annual
screening with MRI as an adjunct to mammography for high-risk women
(>20-25% lifetime risk), and the Expert Consensus Opinion panel included p53
mutation carriers in this group (129).

As somatic pS3 mutations are common among many human cancers, many
new therapies are being developed to target tumors with p5S3 mutations, some of
which presumably may especially benefit LFS patients (125,129-135). Such
approaches are consistent with the heralding of a new era of personalized
medicine (136).



210 Walsh and Strong

PEUTZ-JEGHERS SYNDROME CASE REPORT

J.P. is a 20-year-old woman with obvious clinical manifestations of Peutz—Jeghers
syndrome, including pigmented macules on her lips and inside her mouth as well
as hamartomatous gastrointestinal polyps. She had been diagnosed at the age of 14
without genetic testing. She presented for counseling to discuss screening for
gynecologic malignancies. The options for genetic testing were discussed.
Although the patient had a definite clinical diagnosis, the implications of testing
for the benefit of her siblings and future children were addressed. The decision was
made not to pursue testing. After consultation with gynecologists and gastro-
enterologists, there was no clear consensus on screening. Eventually, despite
several differing opinions, it was recommended that J.P. undergo colonoscopy and
upper gastrointestinal screening every two to three years, a yearly gynecologic
examination including a pap smear and a transvaginal ultrasound, a clinical breast
examination every six months, and a yearly mammogram.

LEARNING POINTS

® Peutz-Jeghers syndrome has unique clinical manifestations and may be
diagnosed without genetic testing.

* While women with Peutz—Jeghers syndrome are at risk for gastrointestinal
malignancies, they are also at risk for gynecologic malignancies. The
characteristic gynecologic tumors are cervical adenoma malignum, which
is an aggressive cancer, and the ovarian SCTAT, which is benign.

e Currently, there are no validated effective screening strategies. Therefore,
screening examinations, beginning between the ages of 18 and 25, should
focus on malignancies for which individuals with Peutz—Jeghers syndrome
are most at risk.

COWDEN SYNDROME CASE REPORT

C.L. is a nulliparous, 42-year-old women with newly diagnosed endometrial
cancer, after having presented with intermenstrual bleeding. On physical
examination, her physician notes numerous abnormal growths on the mucous
membranes of her mouth and nose, as well as several wart-like growths sur-
rounding her mouth and nose. C.L. states that these growths began to appear
when she was approximately 30 years old. She never saw a doctor for these
lesions because her mother had similar growths and they were not causing her
any problems. She is an only child and her medical history is significant for
fibrocystic breast disease. Of note, her mother had been diagnosed with breast
cancer at the age of 38 and has a thyroid goiter.

C.L. was treated with a laparoscopic hysterectomy and bilateral salpingo-
oophorectomy for her stage Ia, grade I endometrial cancer and was referred to a
dermatologist and a genetic counselor on the basis of her physical examination
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findings and family history. A biopsy of one of C.L.’s skin lesions was per-
formed, and she and her mother were informed that the skin lesions that they had
were “trichilemmomas,” which are a pathognomonic sign of Cowden syndrome.
They were also counseled on their risk for developing other cancers and the
importance of regular breast, thyroid, skin, and colon screening.

LEARNING POINTS

Cowden syndrome has unique dermatologic manifestations, some of which
are pathognomonic for the disease.

Women with Cowden syndrome are at risk for breast, thyroid and uterine
malignancies.

Benign manifestations of Cowden syndrome include mucocutaneous
lesions, thyroid goiter or adenoma, uterine leiomyoma, fibrocystic breast
disease, breast fibroadenomas, lipomas, ileal and colonic hamartomatous
polyps.

Women diagnosed with Cowden syndrome should actively participate in
breast, thyroid, colon, and skin screening.

While endometrial screening has been recommended, there are no data to

support its efficacy.
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KEY POINTS

When obtaining a family history, efforts should be made to confirm cancer
diagnoses through medical records.

Criteria have been established by National Comprehensive Cancer Network
(NCCN), American Society of Clinical Oncology (ASCO), and Society of
Gynecologic Oncologists (SGO) for referring individuals for risk assess-
ment for hereditary breast-ovarian cancer syndrome.

Risk assessment models, such as BRCAPRO, are available to guide referrals.
Discussion of the psychologic impact of genetic testing and the implication
of results should be included in pretest counseling.

BRCA test results may be reported as positive, negative, or variant of
uncertain significance. Therefore, pre- and posttest counseling are a
significant part of assessment and testing.

INTRODUCTION

Ovarian cancer is relatively rare in the general population; the average woman
has a lifetime risk to develop ovarian cancer of approximately 1.4% (1). How-
ever, women who have a hereditary predisposition to ovarian cancer are at
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significantly elevated risk to develop ovarian and other cancers. Studies of
lifetime risks for ovarian cancer range from 39% to 54% in a woman identified
as having a BRCA1/BRCA?2 mutation, with a lower risk associated with BRCA2
mutations as compared with BRCA1 (2-5). The ability to identify women at high
lifetime risk for ovarian cancer offers “the opportunity to provide tailored
screening and prevention strategies such as surveillance, chemoprevention, and
prophylactic surgery that may reduce the morbidity and mortality associated with
these syndromes” (6).

Population-based studies of the prevalence of hereditary cancer predis-
position genes in invasive epithelial ovarian cancer identified a germline BRCA
mutation frequency of 11% to 15% (7-9). Germline mismatch repair (MMR)
mutations [responsible for Lynch syndrome, also known as Hereditary Non-
Polyposis Colorectal Cancer (HNPCC)] account for approximately 2% of
invasive epithelial ovarian cancer (10) and possibly a higher percentage in
individuals diagnosed with invasive epithelial cancer before age 40 (11).

REFERRAL FOR GENETIC RISK ASSESSMENT
Referral of the Ovarian Cancer Patient

Referral for genetic risk assessment and consideration of genetic testing may be
warranted for all invasive epithelial ovarian cancer patients. Histopathologic data
may be useful in risk assessment and determining appropriateness of genetic
testing. Several population-based studies of ovarian cancer series report BRCA
mutations predominantly in invasive epithelial (nonmucinous) ovarian cancers,
which include the histopathologic subtypes papillary serous, endometrioid, and,
less commonly, Malignant Mixed Mullerian Tumor (MMMT) and clear cell.
Primary peritoneal and fallopian tube malignancies are also part of spectrum of
epithelial tumors associated with BRCA mutations. BRCA mutations are rarely
reported in borderline ovarian tumors or mucinous ovarian tumors (7,12,13).
The recommendation for referral of the ovarian cancer patient for cancer
genetic risk assessment is even more compelling if there is a family history of
cancer. Recommendations for referral criteria for genetic risk assessment for
Hereditary Breast and Ovarian Cancer (HBOC) incorporate age of onset of
breast cancer diagnosis, ovarian cancer diagnoses (not considering age of onset),
and number of close relatives (first, second, or third degree) with breast and/or
ovarian cancer (6,14,15). The Society of Gynecologic Oncologists recommends
cancer genetic risk assessment for the following high-risk categories (6):

® Women with personal history of breast cancer and ovarian cancer at
any age

* Women with personal history of ovarian cancer and close relative (first,
second, or third degree) with breast cancer < age 50 or ovarian cancer at
any age
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* Women with ovarian cancer and Ashkenazi Jewish ancestry

® Women with breast cancer < age 50 and a close relative with ovarian
cancer or male breast cancer at any age
Women of Ashkenazi Jewish ancestry and breast cancer < 40 years
Women with first- or second-degree relatives with a known BRCAL1 or
BRCA2 mutation

Referral for genetic risk assessment should not be strictly limited to those
individuals who meet high-risk criteria. Additional family medical information is
sometimes revealed during the process of genetic risk assessment that sig-
nificantly changes the recommendation for genetic testing, resulting in either
testing for different genes than for what the patient was initially referred,
additional genetic testing, or no genetic testing at all. Certain features can mask
the dominant expression of the BRCA1 and BRCA?2 genes, including incomplete
or inaccurate reporting of family medical history information, family members
undergoing surgical removal of target organs (i.e., ovaries) for benign conditions,
and family structure such as small family size or few at-risk females (15,16). In
addition, BRCA1/BRCA?2 mutations can be inherited from either the mother or
the father, and paternal transmission of a hereditary predisposition to breast and
ovarian cancer may be masked by the relatively low cancer risk for males.
Therefore, referral for genetic risk assessment may also be helpful for the
following: (6)

Women with breast cancer <40 years
Women with bilateral breast cancer (particularly if the first cancer is <50
years)
*  Women with breast cancer <50 years and a close relative (first, second, or
third degree) with breast cancer <50 years
Women of Ashkenazi Jewish ancestry and breast cancer <50 years
Women with breast or ovarian cancer at any age and two or more close
relatives with breast cancer at any age (particularly if one is <50 years)
® Unaffected women with a first- or second-degree relative who meets one
of the above criteria.

Timing of Referral for the Ovarian Cancer Patient

Referral of the ovarian cancer patient for genetic risk assessment should be
initiated during the time of diagnosis/treatment for several practical reasons.
While this is not always easy, since women with ovarian cancer can be over-
whelmed by their diagnosis and treatment, it is ultimately of benefit both to the
patient and her family.

First, given the high risk of breast cancer associated with BRCA1/BRCA2
mutations, women with ovarian cancer who test positive would be offered the
high-risk breast cancer screening and prevention options discussed elsewhere in
this book. While genetic test results do not currently alter treatment strategies for
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the ovarian cancer patient, ongoing research may provide data to allow for
individualized therapy related to mutation status in the future.

In addition, women with ovarian cancer often express concern to their
treating physician/surgeon regarding their relatives’ risk for ovarian cancer, early
in their own diagnosis and treatment process. Referral for genetic counseling is
an appropriate way to address this concern in a constructive manner. Genetic
testing for hereditary cancer predisposition genes is most informative when first
performed on an individual with a cancer diagnosis associated with the heredi-
tary cancer syndrome (in this case, the woman with ovarian cancer). It is
important to first determine if there is an identifiable mutation in the family that
will allow for mutation-specific testing for “at-risk” family members. Therefore,
testing should be initiated in the individual most likely to have a mutation when
an individual/family is referred for suspected hereditary cancer.

Other practical reasons for referral at the time of diagnosis and treatment
include the fact that the overall five-year survival for ovarian cancer is only
44.7% (1), and the potential impact of genetic information for family members is
significant. Referral for genetic risk assessment at the time of diagnosis and
treatment will provide the patient and family the option of seeking this information
in a timely manner. Unfortunately, many individuals are not referred or do not
seek genetic risk assessment until after the relative with ovarian cancer has died.
It is not uncommon for genetic counseling clients to mention with regret that
the option of cancer genetic counseling and genetic testing was brought up to the
deceased relative with ovarian cancer, but the family chose not to pursue the
testing at that time; or to have an ovarian cancer patient come in for genetic
risk assessment and postpone genetic testing, only to have the family call when
the patient is terminally ill, requesting an immediate blood draw for genetic
testing.

Initiating genetic risk assessment and, possibly, genetic testing in an
unaffected individual with a family history suspicious for hereditary disease is
not recommended but is sometimes unavoidable if the relative(s) with cancer is
deceased, estranged, or unwilling to seek genetic risk assessment. Negative
genetic testing in the unaffected individual in the absence of a known familial
mutation does not rule out increased hereditary risk for disease. In these cases,
cancer risk assessment and recommendations for prevention and early detection
of cancer will be based primarily on the family history of cancer.

GENETIC COUNSELING AND GENETIC TESTING
FOR BRCA1 AND BRCA2

Genetic counseling is the process of helping people understand and adapt to
medical, psychologic, and familial implications of genetic contributions to
disease. This process integrates the following: interpretation of family and
medical histories to assess the chance of disease occurrence or recurrence;
education about inheritance, testing, management, prevention, resources, and
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research; and counseling to promote informed choices and adaptation to the
risk or condition (17).

Clients presenting for genetic counseling may be cancer patients who are
newly diagnosed, in the process of treatment, experiencing recurrence, or in the
end stages of disease; or they may be unaffected by cancer themselves but have a
family history of cancer. Each of these life stages presents with different issues and
challenges. Schneider (18) provides an excellent resource and discussion of the
motivations, risk perceptions, coping strategies, and family issues for clients at
various life stages. It is essential to provide the genetic counseling within the
context of these motivations, risk perceptions, coping strategies, and family issues.

OBTAINING AN ACCURATE CANCER FAMILY HISTORY

The cancer family history is the fundamental tool for identifying individuals at
hereditary risk for cancer. The collection and interpretation of family history
information has been identified as a core skill necessary for health care providers
(19). In 2005, the U.S. surgeon general, in cooperation with other agencies
within the U.S. Department of Health and Human Services (HHS), launched a
national public health campaign called the U.S. Surgeon General’s Family
History Initiative (http://www.familyhistory.hhs.gov) to encourage all American
families to learn more about their family health history (20). The National
Society of Genetic Counselors also has an online tool to assist individuals in
beginning to gather their medical family history (http://www.nsgc.org/consumer/
familytree/index.cfm).

Physicians should document cancer history for first- and second-degree
relatives and then use this information to determine the necessity of referral to an
appropriate cancer genetic professional and/or expansion of the family history.
Targeted questions regarding first- and second-degree relatives’ health history
may be necessary to elicit the relevant information.

Full genetic risk assessment usually calls for a minimum of a three-generation
pedigree including first-, second-, and third-degree relatives from both maternal
and paternal families (15,16,21). Table 1 provides a list of questions to be asked
about all relatives with and without cancer. This level of detail may not be
available for all relatives, but should be requested. The patient needs to under-
stand that the risk assessment is contingent on the accuracy and detail of the
family history provided.

Patients’ ancestry should also be ascertained, as this information contrib-
utes significantly to the risk assessment. Approximately 2% of individuals of
Ashkenazi (Eastern European) Jewish ancestry have a BRCA mutation, typically
one of three founder mutations: 187delAG (BRCA1), 5385insC (BRCAL1), and
6174delT (BRCA2) (22,23). Targeted testing for these three mutations is
available and is a recommended starting point for individuals of Ashkenazi
Jewish ancestry for whom BRCA testing is appropriate. Proceeding with
sequence analysis if the targeted testing is negative is recommended depending
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Table 1 Questions to Ask When Collecting Personal and Family History of Cancer

For all patients and relatives For all patients and
with and without cancer relatives with cancer
Age ® Organ in which tumor developed
® Personal history of benign or ® Age at time of diagnosis
malignant tumors ® Number of tumors®
® Major illnesses ® Pathology, stage, and grade
® Hospitalizations of malignant tumor
® Surgeries ® Pathology of benign tumors
® Biopsy history ® Treatment regimen (surgery,
® Reproductive history” chemotherapy, radiation)
® (Cancer surveillance
L]

Environmental exposures

For patients who have developed more than one tumor, it is important to discriminate whether the
additional tumor(s) was a separate primary, recurrence, or the result of metastatic disease.
Especially important for women at increased risk of breast, ovarian, or endometrial cancer. Inquire
about age at menarche, age at first live birth, and history of oral contraceptive use, infertility
medications, or hormone replacement therapy, including dosage and duration and age at menopause.
Source: Adapted from Ref. 16.

on the cancer family history and the a priori risk for a mutation. Many insurance
companies require a stepwise approach to BRCA testing in individuals of
Ashkenazi Jewish ancestry.

Importance of Medical Record Confirmation

Medical record verification of multiple cancer diagnoses in the family contrib-
utes significantly to accurate risk assessment. Inaccurate reporting can lead to an
incorrect assessment of the cancer family history, which directly impacts clinical
recommendations for genetic testing, cancer surveillance, and surgical or che-
moprevention options. Multiple studies have documented the inaccuracy of a
verbal cancer family history both in the clinical and the research setting (24-30).
Gynecologic cancers are reported less accurately than other cancer sites such as
colon and breast, and cancers are reported with decreasing accuracy the more
distant the familial relationship (31).

The pathology report is the most reliable source for verification of both the
age of diagnosis and histology and should be obtained whenever possible.
However, it must also be acknowledged that it is not always feasible to obtain
relevant family member medical records; patients should be informed that risk
assessment will be based on the available information and will be only as
accurate as that information.
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Cancer patients should be encouraged to gather the medical family history
even if they decline referral for genetic risk assessment. This gift of family
medical history is important for the next generation, since this information may
significantly impact future medical recommendations for that family.

The psychosocial impact of genetic testing is covered in detail in a sub-
sequent chapter. However, it is important to recognize and openly discuss the
potential for a significant emotional response while gathering and discussing the
medical family history. We have found this to be particularly true for women
seeking genetic risk assessment whose mothers died of cancer when they
themselves were young.

Risk Estimation Models

The probability that a client will have a BRCA1 or BRCA2 mutation can be
determined by several models that rely on a complete and accurate family his-
tory. This estimation should be shared with clients so that they may incorporate
this information into their decision-making process regarding genetic testing.
Clients should also be informed that all models used to determine the likelihood
of finding a mutation have limitations. Research continues to evaluate validity of
the variety of probability models available.

Multiple methods are available to aid clinicians in determining appropri-
ateness of genetic testing for BRCA1 and BRCA2. These include published
clinical criteria (15,16,21,32) and models, which can determine the probability
that an individual has a germline BRCA1 or BRCA2 mutation, based on the
personal and family history (33-37). Several sources provide a comparison of
these methods (16,38-40).

The model BRCAPRO (41-44) is commonly utilized in the clinical setting
and is a standard with which the performance of other methods has been com-
pared (45-48). BRCAPRO is based on the known autosomal dominant inheri-
tance of BRCA1 and BRCA2, Surveillance Epidemiology and End Results
(SEER) estimates of risk of breast and ovarian cancer in the general population,
and published estimates of the prevalence of BRCA1 and BRCA2 mutations, as
well as the breast and ovarian cancer risks for mutation carriers. Using Bayesian
analysis of the input data (gender, Ashkenazi Jewish ancestry, current age or age
at death, age at cancer diagnosis, and additional variables including breast tumor
pathology and oophorectomy status) on the proband and all first- and second-
degree relatives (including both those with cancer and those unaffected),
BRCAPRO calculates the probability that the proband has a BRCA1 or BRCA2
mutation.

Validation studies have shown that BRCAPRO generally performs quite
well, with a high concordance between the model prediction and the results of
genetic testing (39,42,47). Calculation of BRCAPRO does require computer
input of a complete family history of first- and second-degree relatives, which
does make it somewhat time consuming. The authors’ acknowledged limitations
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of BRCAPRO (42) include that it cannot consider family history beyond second-
degree relatives, it relies on published penetrance and prevalence estimates and
is therefore subject to any inaccuracies in these estimates, it does not consider
cancers other than breast or ovarian cancer (such as pancreatic cancer) that do
have known associations with BRCA1/BRCA2, and it assumes that BRCA1 and
BRCAZ2 are the only relevant susceptibility genes.

Another commonly used risk assessment tool is the BRCA1/BRCA2
mutation prevalence table compiled by Myriad Genetic Laboratories (33) and
available for viewing and download at www.myriadtests.com. This table reports
the observations of deleterious BRCA1/BRCA2 mutations by Myriad Genetic
Laboratories through its clinical testing service. These observations are reported
as the percentage testing positive per category, with the categories delineated by
gender, personal and family history of breast and ovarian cancer, and Ashkenazi
Jewish status. The user then identifies the category that corresponds to their
patient’s personal and family history. The reported percentage testing positive in
that category can then be used as an estimate of the likelihood that the patient
will test positive for a BRCA mutation. The strengths of this risk assessment tool
include that it is very quick and easy to use, the data are periodically updated on
the website, and the data represent a large number of observations (as of the
spring 2006 update, N > 60,000). Limitations of this tool include its reliance
on the personal and family history information reported on test requisition
forms by the health care providers ordering clinical BRCA1/BRCA2 genetic
testing, without any independent verification of this information; its lack of
consideration of the number and age of unaffected relatives; and the inherent
ascertainment bias in the study population, which consists entirely of individuals
for whom clinical BRCA1/BRCA?2 genetic testing was ordered, and therefore is
not representative of the general population.

CancerGene (49) is a user-friendly PC-based program that includes
BRCAPRO, the Myriad prevalence table, and several other published models
for calculating BRCA mutation probability. CancerGene also includes models for
calculating breast cancer risk for individuals who do not have an identified
hereditary predisposition (e.g., Gail and Claus models), as well as risk for
Lynch syndrome-associated mutations and risk for hereditary pancreatic cancer.
CancerGene is available for download at http://www4.utsouthwestern.edu/
breasthealth/cagene/.

Risk assessment tools aid the clinician in determining which patients are
appropriate candidates for genetic testing and can also aid patients in making
informed decisions regarding whether to pursue genetic testing. However, these
tools should be regarded as a supplement to, rather than a replacement for, good
clinical judgment. Consistent with this notion, the current American Society of
Clinical Oncology (ASCO) policy statement does not include a specified a priori
risk required to offer genetic testing, leaving the decision to the discretion of the
clinician and the client (21).



Genetic Risk Assessment for Hereditary Ovarian Cancer 227

Informed Consent

Published guidelines for clinical genetic testing clearly recommend that testing
only be provided in the setting of pre- and posttesting counseling by appropri-
ately trained health care professionals (15,16,21,32). Health professionals who
specialize in cancer genetic services can be found through the National Cancer
Institute’s Cancer Genetic Services Directory (http://www.cancer.gov/search/
genetics_services or 1-800-4-CANCER) and the National Society of Genetic
Counselors (http://www.nsgc.org/resourcelink.cfm or 1-312-321-6834).

Informed consent is a necessary component of genetic testing and should
include the following (16,21):

Psychosocial assessment and support

Purpose of the test and who to test

General information about the genes

Possible test results and the implication of each of those results

Likelihood of finding a mutation

Technical aspects and accuracy of the test including possibility that the test

will not be informative

Fees involved in testing and counseling

Risks of genetic discrimination

® Psychosocial aspects including anticipated reaction to results, timing and
readiness for testing, family issues, and preparing for results

* Confidentiality issues

e Utilization of test results including options and limitations of medical
surveillance and strategies for prevention

® Options for risk estimation without genetic testing

Importance of sharing genetic test results with at-risk relatives

Storage and potential reuse of genetic material sent to the laboratory

Ordering Clinical BRCA Testing

Clinical genetic testing is available for BRCA1 and BRCA?2 and is typically
performed on a blood sample. In the United States, full sequence analysis
of BRCA1l and BRCA?2 is currently available only through Myriad Genetic
Laboratories. The cost of full sequence analysis is currently $3120. Testing for
the three Ashkenazi founder mutations is available for $415. Site-specific testing
is available for $385 for at-risk relatives of an individual with a previously
identified deleterious mutation. There are several other clinical laboratories in
the United States that offer site-specific and founder mutation genetic testing; a
listing of these laboratories can be found on GeneTests (wWww.genetests.org).
GeneTests, funded by the National Institutes of Health, provides an updated listing
of laboratories offering clinical and research genetic testing and information on
genetic testing and its use in diagnosis, management, and genetic counseling.
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A component of the informed consent process is discussion of the fees and
insurance benefits for genetic testing. ASCO supports efforts to ensure that all
individuals at significantly increased risk of hereditary cancer have access to
appropriate genetic counseling, testing, screening, surveillance, and all related
medical and surgical interventions, which should be covered without penalty
by public and private third-party payers (21). Most health insurance plans pro-
vide coverage for the majority of the cost of genetic testing. Many companies use
specific personal and family cancer history guidelines/criteria to determine
coverage of genetic testing, and coverage is also often based on medical
necessity (i.e., how the genetic test results will impact medical management).
Medicare provides coverage for individuals meeting specified criteria, which are
available online through the Centers for Medicare and Medicaid Services (http://
www.cms.hhs.gov/).

Genetic Test Results and Interpretation
Possible test results from genetic testing of BRCA1 and BRCA?2 include (15,16)

1. Positive. Deleterious mutation identified. This is a true positive, meaning
that the mutation is known to be functionally significant with subsequent
increased risks of developing cancer.

2. Negative upon site-specific genetic testing for a known familial mutation.
The familial mutation is not found in an individual from a family with a
known deleterious BRCA mutation. This is an informative, reassuring
negative result that typically indicates that this individual is at general
population risk to develop breast and ovarian cancer. However, it is still
important to assess any cancer family history not attributable to the BRCA
mutation (e.g., on the other side of the family).

3. Negative upon comprehensive BRCA1/BRCA2 genetic testing. No
mutation identified in an individual for whom no mutation has been
identified in other family members. The possibility of a hereditary pre-
disposition to cancer due either to a BRCA1/BRCA2 mutation that could
not be detected by the genetic testing method employed, or due to other
genes, known or unknown, should also be considered. Surveillance and
prevention recommendations should be based on the individual’s personal
and family medical history. Testing another relative diagnosed with breast
or ovarian cancer may be recommended; if a BRCA1/BRCA2 mutation is
identified in a relative, then this result can often be reinterpreted as a “true
negative.”

Comprehensive BRCA testing includes testing for five specific
BRCALI rearrangements (50,51). An additional full rearrangement panel
[BRACAnalysis® Rearrangement Test (BART)] is currently automati-
cally run in high-risk families (generally includes proband with breast
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cancer diagnosed before age 50 or ovarian cancer, and two or more close
relatives with breast cancer diagnosed before age 50 or ovarian cancer).
The full rearrangement panel can be requested, for an additional charge,
if high-risk criteria are not met. This rearrangement panel detects dele-
tions or duplications not detected by the technology used for sequence
analysis (52). Even with the addition of the large rearrangement panel,
sensitivity of the clinically available BRCA1/BRCA2 genetic testing is
not 100%.

4. Variant of uncertain significance (VUS). This is an inconclusive result. An
alteration in BRCA1/BRCA2 has been identified, but it is unknown
whether the alteration will affect gene function. This does not rule out a
hereditary cancer syndrome in the family. Testing unaffected relatives for
the VUS is not appropriate, because medical recommendations cannot be
made on the basis of presence or absence of a VUS. Appropriate medical
management should be based on family history. Research testing is often
offered to the parents and to close relatives who have had cancer, as this
data can be helpful in attempting to establish the clinical significance of a
variant. Of note, the majority of BRCA mutation studies have been
performed on white, European ancestry families. A higher frequency of
BRCA VUS has been seen in individuals of African-American ancestry
(48,53,54).

Results Disclosure and Follow-Up

Posttest counseling is an essential component of the genetic testing process. This
includes results disclosure, discussion of the medical significance of the test
results and recommended medical management options, assessment and coun-
seling regarding the emotional reaction to results for client, discussion of
medical and psychosocial significance of genetic testing results for family, offer
of assistance in facilitation of communication with family regarding results,
recommendations regarding future contact, and provision of resources (16).

The goal of results disclosure is to share the genetic testing results and
provide immediate information and emotional support as needed (18). This
includes determining the proper setting for disclosure, either in person or over
the telephone. Telephone disclosure should be a scheduled telephone appoint-
ment, particularly if clients provide a cellular number, to ensure that the client is
in an appropriate place to receive genetic testing results and has a support person
present, if desired. Telephone disclosure should include referral for a follow-up
appointment in the clinic for further discussion of the results.

Schneider (18) provides useful strategies for disclosing the results in a
professional yet empathetic manner. The method of presenting cancer risks
associated with a mutation in a hereditary cancer predisposition gene is an
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important consideration and should include a discussion of the clients’ perceived
risk of developing cancer as well as the current information for cancer risks
associated with mutations. Presenting cancer risks as absolute risks (the proba-
bility an event will occur over a defined time period) is generally the easiest way
for clients to process this information. Cancer risks associated with hereditary
cancer predisposition genes are often reported as lifetime risks. Age-specific
cumulative risks, provided in intervals of time, are often easier for the clients to
process relative to their current life stage, which will then allow them to
incorporate that risk into their medical decision making. Chen et al. (3) provides
age-specific cumulative risk for breast and ovarian cancer and predicted risk for
breast and ovarian cancer in 10-year intervals.

Genetic information has an impact on extended family members that is
quite unlike any other medical information. Patenaude et al. (55) succinctly
state that the telling or not telling of others at risk has enormous overall impact,
as it can initiate or impede a cascade of testing over many generations, with
potential gains or losses of many quality years of life. Health care professionals
have an ethical responsibility to encourage the sharing of genetic information
within families and to assist clients in communicating this complex medical
information with relatives while also protecting the client’s privacy and con-
fidentiality (16,18,21,56,57). This can include discussion of the family
dynamics and current communication patterns, provision of letters and edu-
cational materials for the client to distribute to family members, and/or referral
to cancer genetic health professionals located geographically near the at-risk
family members.

When genetic testing for BRCA is initiated in an older patient with ovarian
cancer, the focus of discussion of the impact of the genetic information for
extended family members is often centered on the risk for sisters, daughters, and
nieces. However, these patients may also have at-risk women in the preceding
generation, and it is important to include discussion of potential risk for
ovarian cancer and breast cancer in these women and to offer genetic testing, if
appropriate.

CLIENT RESOURCES FOR THE FUTURE
Importance of Continued Contact

Another important component of the process of cancer genetic risk assessment is
to provide the client with resources for the future. Genetic risk assessment is a
dynamic process, both in technologic advances and the cancer family history
information. Continued research on hereditary cancer families and advances in
human genetics and technology may result in new management guidelines and/
or the availability of new or improved genetic testing. Additionally, the risk
assessment and subsequent recommendations are based on the cancer family
history information provided at the time of the consultation, and new information
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may significantly impact the risk assessment and subsequent recommendations.
Therefore, the recommendation should be made for the clients to recontact their
genetics provider for new advances and also with relevant changes to their
personal or family medical history (58). Clients who utilize the Internet can be
directed to websites that contain updated information regarding genetics of
hereditary cancer, such as the National Cancer Institute (www.cancer.gov) or
Facing Our Risk of Cancer Empowered (FORCE) (www.facingourrisk.org).
FORCE is a nonprofit organization with an advisory board of cancer genetic
specialists that provides updated information and support for individuals con-
cerned with hereditary breast and ovarian cancer.

The popular media is increasingly covering the human perspective, ethical
dilemmas, and psychosocial impact of cancer genetic testing with dramatic titles
such as “A threat of cancer, a drastic decision” (59), “Facing life with a lethal
gene” (60), and “Previvor: A personal voyage into the strange new world of
genetic testing” (61). Clients should be encouraged to contact the genetics clinic
for follow-up appointments to be able to put the new technology, updated family
history, and popular media reports into perspective with their personal and
family medical history.

DNA Banking

DNA banking should be offered to individuals who are suspected to have a
hereditary predisposition to cancer, in cases where either genetic testing was
unable to identify a causative mutation, or who decline or postpone genetic
testing. DNA banking is an important alternative for terminally ill cancer
patients, when the patient and/or family does not have the time for traditional
genetic risk assessment or are simply overwhelmed by planning for the end of
life and cannot process additional medical information. The cost ranges from
$100 to more than $300 with storage times from 5 years to 25+ years. The
National Society of Genetic Counselors produced a patient-oriented brochure
DNA BANKING: Saving for the Future (62) to promote the awareness, under-
standing, and utilization of DNA banking by both health care practitioners and
the general public.

CONCLUSION

Genetic information has a tremendous impact, unlike that of any other medical
information, for the woman with ovarian cancer and her extended family
members. Referral for genetic risk assessment and consideration of genetic
testing may be warranted for all invasive epithelial ovarian cancer patients and
should be initiated during the time of treatment and diagnosis. Referral to a
health care professional with expertise in genetics and cancer family history
evaluation is recommended.
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CASE REPORT

L.S., a woman of Ashkenazi Jewish descent, decided to pursue hereditary cancer
risk assessment and genetic testing at the age of 52, never having been diagnosed
with any type of cancer. Her mother, three maternal aunts, and two cousins had
been diagnosed with breast cancer at the ages of 83, 68, 60, 52, 50, and 37. Her
sister was diagnosed with ovarian cancer at the age of 52 and passed 3 years
later. Her father and paternal uncle had both succumbed to prostate cancer. L.S.
referred herself for genetic counseling out of concern for her own risk and risk to
her two daughters. Her mother was not interested in genetic testing and other
affected family members were deceased. BRCA testing revealed that L.S. had
one of three Ashkenazi Jewish founder mutations. Since that time she has
undergone a prophylactic bilateral salpingo-oophorectomy and is seen every six
months for breast cancer screening.

LEARNING POINTS

* Family history may dictate the appropriateness of hereditary cancer risk
assessment in unaffected individuals.

¢ For individuals of Ashkenazi Jewish heritage, limited testing for one of three
Ashkenazi Jewish founder BRCA1 and BRCA2 mutations [187delAG
(BRCA1), 5385insC (BRCA1), and 6174delT (BRCA?2)] may be a reasonable
initial step.

¢ Intensive breast screening protocols, chemoprevention, and prophylactic
surgical options should be addressed in posttest counseling.
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KEY POINTS

* Women with young age at onset of endometrial carcinoma should be
considered for evaluation of Lynch syndrome.

® Personal history of endometrial, colorectal, small bowel, ureter, renal
pelvis cancer, and/or a family history of these cancers can be important
indicators of Lynch syndrome.

* In addition to family history, studies on tumor tissue, such as immuno-
histochemistry and microsatellite instability testing, are excellent methods
of screening for Lynch syndrome.

® Germline genetic testing of mismatch repair genes is the criterion standard
for diagnosis of Lynch syndrome and allows for informative predictive
genetic testing of at-risk family members.

INTRODUCTION

Endometrial cancer is the most common gynecologic cancer in U.S. women and
accounts for 6% of all cancers in women (1). The lifetime risk of endometrial
cancer for the average U.S. woman is 2% to 3% (2), with a median age at
diagnosis of 63 years (3). As is the case with breast, colorectal, and most other
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Table 1 Selected Risk Factors and Relative Risks for Endometrial Cancer

Risk factor Relative risk (Ref.)
Obesity (200+ Ibs vs. <125 1bs) 7.2 (4)
Nulliparity 2.8 (4)

Early age at menarche (<12 vs. > = 15) 24 4)
Diabetes mellitus 2.1 (5)
Tamoxifen use 2.2-2.3 (6,7)
Combination oral contraceptive use for at least 12 mo 0.6 (10)

cancers, the majority of endometrial cancer is not hereditary. Risk factors for
endometrial cancer have been identified, many of which are thought to affect the
level of estrogen to which the endometrium is exposed. The strongest risk factor
for sporadic endometrial cancer is obesity, with a relative risk of 7.2 for women
200 Ibs or greater versus 125 1bs or less (4). Other risk factors include nulliparity
(4), early age at menarche (4), diabetes mellitus (5), and the use of tamoxifen
(6,7). Unopposed estrogen therapy was found to significantly increase the risk of
endometrial cancer (8,9) and is therefore no longer recommended for women
who have an intact uterus. Combination estrogen/progesterone oral contra-
ceptives have been shown to decrease the risk of endometrial cancer (10). See
Table 1 for a summary of endometrial cancer risk factors and relative risks.

Endometrial cancer risk is also significantly elevated in women with Lynch
syndrome. Lynch syndrome is a hereditary cancer predisposition syndrome that
causes an increased risk of colorectal cancer, endometrial cancer, and other cancers
including ovarian cancer. Lynch syndrome is caused by germline mutations in any
one of the mismatch repair genes (MLHI1, MSH2, MSH6, PMS2, and possibly
others). Loss of function of any of these mismatch repair genes leads to genomic
instability, which can eventually lead to cancer. Lynch syndrome is inherited in an
autosomal dominant manner; each child of a person with Lynch syndrome has a
50% chance to have inherited the causative mutation, irrespective of gender.

Women with Lynch syndrome have up to a 60% lifetime risk to develop
endometrial cancer (11,12), which is comparable to their lifetime risk to develop
colorectal cancer. Endometrial cancer is also associated with other hereditary
cancer syndromes, including PTEN hamartomatous tumor syndrome (also
known as Cowden syndrome) (13) and Peutz—Jeghers syndrome (14). However,
as these syndromes are both much rarer than Lynch syndrome and also comprise
a lower risk of endometrial cancer, Lynch syndrome is the focus of hereditary
cancer risk assessment for women with endometrial cancer.

The mean age of onset of endometrial cancer in women with Lynch
syndrome is 47 to 55 years (15-17), which is younger than in the general pop-
ulation. While the term “Lynch syndrome” is used to describe individuals with
germline mutations in any of the aforementioned genes, there do appear to be
significant genotype/phenotype correlations within the syndrome. For example,
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families with MSH2 mutations may have a higher risk of cancer than those with
MLH1 mutations (18). In addition, MSH6 mutations, currently thought to be less
common than MLH1 or MSH2 mutations, are associated with a preponderance
of endometrial cancer and an older age of onset of colorectal cancer (19). The
phenotype of Lynch syndrome families with MSH6 or PMS2 mutations is less
well understood overall, and further studies are needed.

Individuals with Lynch syndrome are at high risk for second primary
cancers. Women with Lynch syndrome who have had both endometrial and
colorectal cancer are equally likely to have been diagnosed with colorectal or
endometrial cancer as their first or “sentinel” cancer (20). Therefore, it is
imperative that women with endometrial cancer be evaluated for the possibility
of Lynch syndrome, so that the prevention of colorectal cancer can be integrated
into the medical management of those women who do have Lynch syndrome. In
addition, the identification of Lynch syndrome in women with endometrial
cancer allows for identification of other at-risk family members who would then
have the option of undertaking early detection and preventive strategies
before any cancer develops. Therefore, this chapter will focus on strategies to
identify which women with endometrial cancer are most likely to have Lynch
syndrome.

AGE OF ONSET OF ENDOMETRIAL CANCER AS A RISK FACTOR
FOR LYNCH SYNDROME

As noted above, the age of onset of endometrial cancer is lower in Lynch
syndrome than in the general population. It therefore stands to reason that an
earlier age of onset of endometrial cancer could be considered as an indicator of
Lynch syndrome. Two studies have examined the prevalence of Lynch syndrome
in women diagnosed with endometrial cancer before 50 years of age (21,22).
Both studies found that 9% of women diagnosed with endometrial cancer before
age 50 years had germline mutations in MLH1, MSH2, or MSH6 and that
germline mutations are more likely in women who have a positive family history
for Lynch syndrome-associated cancers.

Two important caveats to the correlation of early age of onset of endo-
metrial cancer with Lynch syndrome must be noted. First, Lynch syndrome-
associated endometrial cancer does not occur solely in women diagnosed before
age 50 years. In a population-based study of women diagnosed with endometrial
cancer at any age, 1.8% (10 of 543) were found to have Lynch syndrome
mutations (16). Six out of ten of these women were diagnosed after age 50 years.
Therefore, Lynch syndrome must still be considered in women diagnosed with
endometrial cancer after age 50 years.

The second caveat is that risk factors for sporadic endometrial cancer, such
as obesity, can also result in an earlier age of onset. Lu et al. (22) found that
among women diagnosed with endometrial cancer before age 50 years who did
not have identifiable Lynch syndrome mutations, the median body mass index
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(BMI) was 37.5, indicating that these women are obese. Median BMI in women
with Lynch syndrome mutations was significantly lower at 27.6. When con-
sidering the risk of Lynch syndrome in a young woman with endometrial cancer,
sporadic risk factors such as obesity should also be considered.

Overall, the population of women diagnosed with endometrial cancer
before age 50 years is enriched for Lynch syndrome; whereas 1.8% of women
with endometrial cancer unselected for age have Lynch syndrome (16), 9% of
women diagnosed before age 50 years have Lynch syndrome (21,22). Therefore,
young age of onset of endometrial cancer can be used as a “red flag” for con-
sideration of Lynch syndrome. However, young age of onset lacks both sensi-
tivity and specificity as a screening criterion for Lynch syndrome, for the reasons
noted above.

PERSONAL HISTORY OF OTHER CANCERS AS A RISK FACTOR
FOR LYNCH SYNDROME

One of the hallmark features of hereditary cancer predisposition is the presence
of multiple primary tumors in one individual. This criterion may also be used
to identify women at risk for Lynch syndrome. Millar et al. (23) found that 7 of
40 women (18%) who had both endometrial and colorectal cancer had a germline
mutation in MLHI or MSH2. When both cancers were diagnosed before
age 50 years, the mutation detection rate was higher (6 of 14, 43%). Any woman
who has had both endometrial and colorectal cancer should undergo further
evaluation for the possibility of Lynch syndrome.

The question has been raised about whether the same holds true for women
who have had synchronous primary endometrial and ovarian cancers. The risk of
ovarian cancer is elevated in women who have Lynch syndrome and has been
estimated to be 12% (11). Therefore, a woman who has had synchronous primary
ovarian and endometrial cancers meets the criterion of having multiple primary
Lynch syndrome-related tumors. However, synchronous primary endometrial
and ovarian cancer is a distinct clinical phenomenon that is thought to be linked
to an underlying hormonal field effect and is characterized by early age of onset
and the presence of sporadic endometrial cancer risk factors such as obesity and
nulliparity (24). Soliman et al. (25) found evidence of Lynch syndrome in 7 of
102 (7%) women with synchronous primary endometrial and ovarian cancers.
While this is higher than the 1.8% risk for Lynch syndrome in a general pop-
ulation sample of women with endometrial cancer (16), this difference could
simply be due to the skewing toward younger age in the population of women
with synchronous primary endometrial and ovarian cancers. (In this study, half
of the sample were younger than 50 years old at diagnosis.). In addition, all
seven women who met criteria for Lynch syndrome had a prior history or a first-
degree relative with a Lynch syndrome-associated cancer. In summary, syn-
chronous primary endometrial and ovarian cancers do occur in women with
Lynch syndrome. Women with synchronous primary endometrial and ovarian
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Table 2 Risk of Lynch Syndrome for Women with Endometrial Cancer, Based on Their
Personal Cancer History

Percentage likelihood of

Personal history of cancer Lynch syndrome (Ref.)
Endometrial cancer at any age 1.8% (16)
Endometrial cancer diagnosed under age 50 yr 9% (21,22)
Endometrial and colorectal cancer at any age 18% (23)
Endometrial and colorectal cancers diagnosed under 43% (23)

age 50 yr
Synchronous primary endometrial and ovarian cancers 7% (25)

cancers who have additional personal or family history suggestive of Lynch
syndrome should be further evaluated.

Several other cancer types have been found in association with Lynch
syndrome, including gastric cancer, small bowel cancer, transitional cell carci-
nomas of the ureter and renal pelvis, hepatobiliary tract cancer, sebaceous skin
cancers, and brain tumors. The risk of Lynch syndrome in a woman who has had
both endometrial cancer and one of these other cancers has not been quantified to
our knowledge. It would seem prudent, however, to consider further evaluation
for Lynch syndrome for any woman who has had both endometrial cancer and
any of the other Lynch syndrome—associated cancers. Table 2 summarizes risk of
Lynch syndrome for women with endometrial cancer, based on their personal
cancer history.

FAMILY HISTORY OF CANCER AS A RISK FACTOR FOR
LYNCH SYNDROME

Cancer family history is a hallmark feature of hereditary cancer predisposition
syndromes. Criteria, including the Amsterdam criteria (26) and the Amsterdam II
criteria (27), have been developed to identify Lynch syndrome on the basis of
family history. While the original Amsterdam criteria addressed family history
of colorectal cancer only, the Amsterdam II criteria incorporate extracolonic
cancers, including endometrial cancer. The Amsterdam II criteria are outlined in
Table 3. It is widely acknowledged that not all families that have Lynch syn-
drome will meet these criteria. In a small family, for example, there may simply
not be enough at-risk family members to express the phenotype this clearly. In
addition, the Amsterdam criteria were developed prior to the identification of
MSHG6 families’ distinct phenotype of lower penetrance and later onset colorectal
cancer (19) and therefore may not be sensitive in identifying families with MSH6
mutations.

Risk assessment models have been developed to predict the chance of
Lynch syndrome given a certain family history and, in some cases, the results of



242 Daniels

Table 3 Amsterdam II Criteria

Three relatives with a Lynch syndrome-associated cancer®, one of which is a first-degree
relative (i.e., parent, child, or sibling) of the other two;

At least two successive generations affected;

At least one diagnosis under age 50 yr;

Exclusion of familial adenomatous polyposis in any cases of colorectal cancer;

Tumor(s) should be verified by pathologic examination.

“Lynch syndrome-associated cancers were defined as colorectal, endometrial, small bowel, ureter,
and renal pelvis.
Source: From Ref. 27.

tumor microsatellite instability (MSI) analysis and immunohistochemical (IHC)
analysis (28-32). Two of these models in particular, MMRpro (30) and
PREMM;, , (28), have been developed from and/or validated with relatively
large, clinic-based sample sizes.

The PREMM;, ; model was constructed and validated from 1914 unrelated
probands from whom blood samples were submitted to Myriad Genetic Labo-
ratories, Inc. for clinical MLH1 and MSH2 genetic testing. Personal and family
history information for these probands was collected from test requisition forms
filled out by the ordering physician. MSI and IHC data were not routinely
collected on the whole sample and were not included in this model. The authors
found that MLH1 or MSH2 mutations were present in 15% of the probands and
that the strongest predictors of the presence of a mutation were the proband
having had colorectal or endometrial cancer, particularly two or more colorectal
cancer diagnoses; age at colorectal cancer diagnosis; and the number of first-
degree relatives with colorectal or endometrial cancer. PREMM; ; calculates the
risk of a given proband having a MLH1 or MSH2 mutation based on personal
history of colorectal cancer, endometrial cancer, other Lynch-associated cancer,
and colon adenomas; family history of colorectal cancer, endometrial cancer,
and other Lynch-associated cancer in first- or second-degree relatives; and age at
diagnosis of colorectal and endometrial cancers. This model is available for use
at http://www.dfci.org/premm.

PREMM, , is easy to use and can provide clinicians with an assessment of
the likelihood of detecting an MLH1 or MSH2 mutation on the basis of personal
and family history factors noted above. Accuracy of the model was demonstrated
with the validation sample, which showed an area under the receiver operating
characteristic curve of 0.80 (95% CI, 0.76-0.84). There are several acknowl-
edged limitations to this model. The model does not incorporate MSI and IHC
data, which (as discussed in the next section) can be very helpful in dis-
tinguishing colorectal and endometrial cancers that are associated with Lynch
syndrome. The model is currently not able to estimate risk of an MSH6 mutation.
The personal and family history data used in the model were neither centrally
collected nor verified, but instead were provided by the many different health
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care professionals who ordered clinical genetic testing on these patients. Only
those cancer diagnoses that the health care professional chose to report are
represented, and there was no data collected on unaffected relatives.

The MMRpro model was developed from published estimates of mutation
prevalence and penetrance of the mismatch repair genes and of the sensitivity
and specificity of MSI, IHC, and germline genetic testing. This model was
validated on 279 individuals from 226 clinic-based families. These individuals
were all seen in cancer genetics clinics and/or enrolled in familial colorectal
cancer registries, and extensive family history information was therefore avail-
able to the investigators. The model incorporates personal and family history (in
first- and second-degree relatives) of colorectal and endometrial cancer, age at
diagnosis of colorectal and endometrial cancer, any available results of MSI/IHC
and germline genetic testing, and the current age of all first- and second-degree
relatives (whether or not they had cancer).

MMRpro uses the input data and Bayesian analysis to calculate the chance
that a given individual has a germline MLH1, MSH2, or MSH6 mutation,
including calculating the residual risk for an individual to have Lynch syndrome
after receiving inconclusive negative genetic test results. It can also be used to
calculate the probability that an asymptomatic proband will develop colorectal
and/or endometrial cancer. The authors argue that this model is particularly
helpful in determining when to offer germline genetic testing without pre-
screening by MSI/IHC or when MSI/IHC analysis cannot be performed (e.g.,
when tumor blocks are not available or when the proband is unaffected). In
addition, it could aid clinicians in determining when to pursue further genetic
testing when the initial genetic testing is inconclusive and/or negative. MMRpro
is available for download at http://astor.som.jhmi.edu/BayesMendel/ and at
http://www4.utsouthwestern.edu/breasthealth/cagene/.

MMRpro will be most accurate when a complete pedigree of all first- and
second- degree relatives and their cancer status is available for input; however,
the model can accommodate missing data. The authors report high accuracy,
with their validation sample demonstrating a concordance index of 0.83 (95%
CI, 0.78-0.88) and a ratio of observed to predicted cases of 0.94 (95% CI, 0.84—
1.05). One limitation of this model is the lack of incorporation of data regarding
the methylation status of the MLH1 promoter in cases of high MSI and loss of
staining for MLH1; incorporation of this information would improve the spe-
cificity of these tumor study results for Lynch syndrome. In addition, the model
relies heavily on the currently available literature regarding prevalence, pene-
trance, sensitivity, and specificity. As the authors acknowledge, these estimates
may change over time as further research is performed, particularly in the case of
the estimates of mismatch repair gene mutation carriers’ cancer risks.

Both MMRpro and PREMM; , were validated using high-risk populations
(patients seen in cancer genetics clinics and/or enrolled in hereditary colorectal
cancer registries and patients for whom clinical MLH1 and MSH2 genetic testing
were ordered, respectively). These populations may well be representative of
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patients presenting for hereditary cancer evaluation in high-risk clinics. How-
ever, further validation studies would be needed before these models could be
applied to a general population sample, such as using them to screen all color-
ectal cancer or endometrial cancer patients for Lynch syndrome.

Clearly, family history is a valuable tool in identifying women with
endometrial cancer who are at risk for Lynch syndrome and for quantifying how
likely it is that a Lynch syndrome mutation would be identified through clinical
genetic testing. However, family history information can be limited by a variety
of circumstances, including small family size, limited family communication
about cancer family history, misattributed paternity, adoption, etc. Family his-
tory also does not identify which of the mismatch repair genes is most likely to
contain the pathogenic mutation. Therefore, if Lynch syndrome clinical genetic
testing is undertaken based solely on family history, then full sequence and large
rearrangement analysis of all mismatch repair genes must be considered,
which is time consuming and expensive and can lead to inconclusive negative
results.

THE ROLE OF MSI AND IHC ANALYSIS OF TUMORS
TO IDENTIFY LYNCH SYNDROME

Lynch syndrome is unique among hereditary cancer predisposition syndromes in
that tumors caused by an underlying mismatch repair gene defect demonstrate
distinct molecular features. Loss of function of the mismatch repair pathway can
be directly visualized through MSI analysis. Microsatellites are short tandem
DNA repeat sequences, generally mono- or dinucleotide repeats. These repeat
sequences can expand and/or contract significantly in a tumor where mismatch
repair is impaired, and this variation in microsatellite repeat length between
normal and tumor tissue can then be detected using a polymerase chain reaction
(PCR)-based assay. The National Cancer Institute (NCI) has developed a con-
sensus panel of five microsatellites that should be included in MSI analysis (33).
The presence of MSI in two or more of the five microsatellites classifies the
tumor as MSI-high (MSI-H). Tumors lacking MSI at any of the five markers are
classified as microsatellite stable (MS-stable). MSI-low (MSI-L) is used to
indicate a tumor where only one of the five microsatellites demonstrates MSI;
the clinical significance of this finding is not known. It should be noted that this
consensus panel was developed for use in colorectal cancers; however, the same
panel does seem to be effective in endometrial cancers as well.

However, not all tumors that demonstrate MSI are caused by Lynch syn-
drome. MSI can also occur sporadically, primarily through epigenetic hyper-
methylation of the MLH1 promoter, leading to silencing of the gene. Up to 20%
of all colorectal tumors demonstrate MSI, most often due to hypermethylation of
the MLHI1 promoter (34). Similarly, up to 29% of endometrial cancers dem-
onstrate MSI, again most often due to hypermethylation of the MLH1 promoter
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Table 4 Expected Immunohistochemistry Results Given Inactivation of a Mismatch
Repair Gene

Inactivation

of this gene:  Leads to this IHC result (staining present = “+”’; staining absent = “—"):
MLH1 MSH2 MSH6 PMS2

MLHI1 — + + -

MSH2 + - - +

MSH6 + + - +

PMS2 + + + -

Abbreviation: THC, immunohistochemical.

(35). Assays have been developed to detect the presence of hypermethylation of
the MLH1 promoter, and these assays can be useful in determining whether MSI
is sporadic or due to Lynch syndrome.

IHC analysis of tumors is useful in both identifying whether a particular
tumor is due to an underlying mismatch repair gene defect as well as identifying
the specific mismatch repair gene involved. Mismatch repair proteins function in
heterodimers, therefore loss of expression of one mismatch repair gene can lead
to loss of staining for more than one mismatch repair protein. Table 4 lists the
expected staining pattern for inactivation of the MLH1, MSH2, MSH6, or PMS2
genes. These staining patterns are certainly not absolute, and exceptions will
occur. Promoter hypermethylation should be considered whenever IHC analysis
demonstrates loss of expression of MLHI.

MSI/IHC/MLH1 promoter hypermethylation studies have been shown to
be effective in identifying women with endometrial cancer who have Lynch
syndrome. Goodfellow et al. (35) screened 441 consecutive endometrial cancer
cases by MSI. Of these cases, 127 samples demonstrated high MSI, of which
92 (72.4%) also demonstrated hypermethylation of the MLH1 promoter and are
therefore unlikely to be attributable to Lynch syndrome. Of the 35 endometrial
cancers that were MSI-H and did not show MLH1 promoter hypermethylation,
five were found to have germline MSH2 mutations and seven were found to have
germline MSH6 mutations (MLH1 mutations were not ascertained). No germline
MSH2 or MSH6 mutations were identified in a sampling of the endometrial
cancers that were MSI-H and methylated, MSI-L, or MS-stable.

Hampel et al. (16) screened an unselected, population-based sample of 543
endometrial cancers by MSI and performed germline genetic testing of MLHI1,
MSH2, and MSH6 on all women who had MSI-H tumors (118 patients). Of 118
patients, nine had confirmed deleterious mismatch repair gene mutations. In
addition, one MS-stable tumor demonstrated abnormal MSH6 IHC analysis, and
a germline MSH6 mutation was subsequently found. This study demonstrates the
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feasibility of screening endometrial cancers by MSI and IHC analysis. It also
demonstrates that MSI analysis can miss cases of Lynch syndrome. IHC analysis
can also miss cases of Lynch syndrome. As an example, a missense mutation
could lead to formation of a nonfunctional mismatch repair protein that would
yet still be detectable by IHC analysis. For this reason, when the index of
suspicion for Lynch syndrome is high for a particular patient, it is preferable to
perform both MSI and IHC analysis.

In conclusion, MSI/TIHC/MLHI1 promoter hypermethylation analysis is an
effective tool to identify women with endometrial cancer who have Lynch
syndrome. The use of IHC prior to initiating germline genetic testing allows for
the genetic testing to be targeted to the gene(s) most likely to be involved. MSI,
IHC, and MLH1 promoter hypermethylation analysis can either be performed
“in-house” by a qualified molecular pathology laboratory, or can be sent out to
commercial labs that offer this service (see www.genetests.org). In the case of
inconclusive negative or variant of uncertain significance genetic test results, the
tumor study results are crucial in aiding in the interpretation of that genetic test
result. For example, if an individual’s endometrial tumor is MSI-H with dem-
onstrated absence of staining for MSH2 and MSHG6 and genetic testing of MSH2
and MSH6 yielded negative or variant results, that individual still most likely has
Lynch syndrome and should be counseled accordingly regarding cancer risk.
Conversely, Lindor et al. (36) studied families who met Amsterdam I criteria but
for whom tumor studies showed no evidence of mismatch repair defect. These
families had a lower incidence of colorectal cancer than families with tumor
evidence of mismatch repair defect. The authors therefore conclude that these
“familial colorectal cancer type X families should not be described or counseled
as having Lynch syndrome.

At a recent consensus conference on Lynch syndrome and endometrial
cancer (personal communication), clinical guidelines for identifying endometrial
cancer patients at risk for Lynch syndrome were proposed. The guidelines
proposed are that IHC analysis be routinely performed on endometrial cancers
meeting any of the following criteria: diagnosed before age 50 years, synchro-
nous or metachronous colorectal cancer or other Lynch-associated cancer, or
first-degree relative with colorectal cancer or other Lynch-associated cancer.
Women with abnormal IHC analysis results, or whose personal and/or family
history is otherwise thought to be suggestive of Lynch syndrome, would then be
referred for further evaluation. Guidelines have already been proposed for MSI
analysis of colorectal cancers (33,37).

MOLECULAR GENETIC TESTING FOR LYNCH SYNDROME

The gold standard for the diagnosis of Lynch syndrome is molecular genetic
testing. When a clearly deleterious mutation in MLHI, MSH2, or MSH6
is detected, this confers an unequivocal diagnosis of Lynch syndrome.
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Identification of a deleterious mutation in a proband also allows for site-specific
predictive genetic testing of his or her relatives. While initial genetic testing of a
proband is expensive (~$1000 per gene analyzed), follow-up site-specific
genetic testing of relatives is less expensive (~ $300-$400). Clinical genetic
testing for Lynch syndrome mutations is available through several commercial
laboratories in the United States (see www.genetests.org).

As mentioned in the previous sections on family history and MSI/IHC
analysis, the currently clinically available genetic testing does have limitations.
Sensitivity is not 100%; it is possible for an individual who clearly has Lynch
syndrome to receive negative genetic test results. Sensitivity of clinically
available genetic testing has improved over time, and this trend will almost
certainly continue. The most important innovation within the last few years has
been the addition of specific analyses for large gene rearrangements; this is now
generally performed in tandem with direct sequencing of exons and immediately
adjacent intronic regions. Large gene rearrangements are not detected by direct
sequencing in diploid organisms (including humans), unless a technique such as
conversion analysis is employed (38). However, they can be detected without
conversion analysis through techniques such as Southern blotting or multiplex
ligation-dependent probe amplification (MLPA) analysis. Large gene rear-
rangements are currently thought to account for approximately 5% of MLH1
mutations and approximately 20% of MSH2 mutations (39,40). In the United
States, a specific MSH2 founder deletion of exons one to six has been identified
(41). Therefore, clinical genetic testing should routinely include both sequence
analysis and large gene rearrangement analysis.

Even when both techniques are used, however, mutations can still be
missed. Mutations in promoters or within introns could be missed, as these
regions are not routinely sequenced in their entirety. While PMS2 mutations
probably account for a minority of cases of Lynch syndrome, the current lack of
clinically available PMS2 genetic testing does limit sensitivity of mismatch
repair gene testing overall. A negative result from genetic testing is therefore
only clearly interpretable in the case of predictive genetic testing for a known
familial mutation. Genetic variants of uncertain significance, such as a missense
mutation whose functional significance is not known, can also be detected. Any
given variant could be a harmless polymorphism versus a true deleterious
mutation. At this time, there are no universally accepted criteria for what stan-
dard of evidence is necessary to interpret the significance of a variant, and
therefore this genetic test result is of limited or no clinical utility.

When the initial proband in a family receives negative or variant genetic
test results, that result should be considered inconclusive. Interpretation of
the inconclusive negative or variant genetic test result should be specific to
the personal and family history of the proband. As discussed above, the results
of MSI/IHC/promoter hypermethylation studies can be especially helpful in
this case.



248 Daniels

GENETIC COUNSELING FOR LYNCH SYNDROME

Genetic counseling should be provided both pre- and post genetic testing. The
importance of pre- and posttest counseling and informed consent has been
affirmed by the American Society of Clinical Oncology (42). Genetic test results
can be a powerful tool in cancer prevention and early detection, but the results
will only accomplish these goals to the extent that the patient is willing, able, and
ready to use the information provided.

The focus of pretest genetic counseling is on risk assessment, anticipatory
guidance regarding the possible results, and informed consent. The construction
of a complete pedigree, encompassing at least three generations, will allow the
clinician to provide the patient with an accurate risk assessment regarding the
likelihood of Lynch syndrome as well as providing a context within which to
interpret the results of genetic testing. Risk assessment would also incorporate
any additional relevant information, such as results of tumor studies. Prior to the
initiation of genetic testing, patients should be aware of the three possible results
(in the case of initial genetic testing of a proband): positive, uninformative
negative, and variant of uncertain significance as well as what the medical
management recommendations for the patient and family would be in each
circumstance. Pretest counseling should also address ethical and psychosocial
issues, which are covered in other chapters; some common areas of concern
include emotional sequelae of the genetic test results, fears regarding genetic
discrimination, and strategies for informing at-risk family members of genetic
test results. This comprehensive discussion will provide patients with the
information necessary to make an informed decision regarding hereditary cancer
genetic testing.

Posttest counseling focuses on interpretation of the genetic test results in
the context of personal and family history. This discussion should include
information on the screening and risk reduction options available to the patient
based on the interpretation of the genetic test results. Patients should be
reminded of the importance of sharing their results with at-risk relatives and
provided with tools such as family letters to aid them in doing so.

CONCLUSION

The identification of women with endometrial cancer who have Lynch syndrome
is crucial to their future medical management as well as to their at-risk relatives.
Age of onset, personal history of other cancers, and family history of cancer are
all important indicators or red flags of Lynch syndrome. Tumor screening studies
(MSI, IHC, MLH1 promoter hypermethylation) are an appropriate first step in
the evaluation of women with endometrial cancer who may have Lynch syn-
drome; the results of these tumor studies will aid in the decision on whether
germline genetic testing, and of which gene(s), is warranted. Routine THC
screening of all endometrial cancers meeting certain criteria should be
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considered (37). Germline genetic testing in the absence of tumor studies may
also be considered, but the limited ability to interpret a negative result in this
case must be fully appreciated.

CASE REPORT

S.W. is a 57-year-old woman who initially presented to her primary physician with
heavy vaginal bleeding. Her workup revealed a high-grade papillary serous endo-
metrial carcinoma. Hysterectomy and staging procedures revealed a stage IIb endo-
metrial carcinoma. She was subsequently treated with chemotherapy and radiation.
A detailed family history was suggestive of Lynch syndrome. Her brother
was diagnosed with right-sided colon cancer at age 39 years. In addition, her
father was diagnosed with “kidney cancer”; medical records review revealed this
to be a transitional cell carcinoma of the renal pelvis. S.W. was referred for
genetic counseling; tumor studies were subsequently ordered, which showed that
her endometrial tumor exhibited high microsatellite instability and immunohis-
tochemical loss of staining for MSH2 and MSH6. Genetic testing of the MSH2
gene revealed a germline MSH2 mutation, confirming the diagnosis of Lynch
syndrome. S.W. has chosen to pursue annual colonoscopy regarding her risk of
colorectal carcinoma. She informed her two children of their 50% risk to have
inherited Lynch syndrome, and they are considering predictive genetic testing.

LEARNING POINTS

* Endometrial cancer can be the presenting cancer in women with Lynch
syndrome.

* Endometrial cancer patients who have a family history of colorectal and/or
other Lynch syndrome-associated cancers should be assessed for Lynch
syndrome.

¢ Immunohistochemical analysis of endometrial tumors for mismatch repair
proteins contributes to the Lynch syndrome risk assessment and allows for
gene-specific genetic testing.

* Both the endometrial cancer patient with Lynch syndrome and her at-risk
relatives can benefit from cancer risk reduction strategies, including earlier
and more frequent colonoscopy.
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KEY POINTS

Federal and state laws offer protection against insurance and employment
discrimination on the basis of genetic information.

The American Medical Association and the American Society of Clinical
Oncology suggest that physicians encourage their patients to share genetic
information from test results with family members.

Clinical Practice Guidelines regarding hereditary cancer testing and man-
agement are evolving. Physicians need to stay abreast of current practice
recommendations.

INTRODUCTION

This chapter will highlight legal issues involving genetic testing for gynecologic
hereditary cancer syndromes. One of the most significant concerns that patients
and health care providers express regarding genetic testing is the possibility of
genetic discrimination. We will explore current legislation regarding health and
life insurance. We will discuss the duties of the physician with respect to the
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“duty to warn” other family members when a patient has a positive test for a
hereditary cancer predisposition. Finally, the duty to provide a standard of care
regarding referral to genetic testing and management of at-risk individuals will
be discussed in relation to medical liability.

LEGISLATION ON GENETIC DISCRIMINATION

Fear of genetic discrimination is a commonly cited reason for not undergoing
genetic testing for a hereditary cancer syndrome. This fear includes fears of
discrimination in life and health insurance as well as fear of workplace dis-
crimination. Likewise, the fears of discrimination extend beyond the individual
to include fears of discrimination for family members. Multiple population-
based studies have shown that patients are extremely concerned about genetic
discrimination, and this fear plays a significant role in the decision whether or
not to pursue genetic testing (1-3).

Many states have adopted legislation prohibiting access to existing genetic
information or using knowledge of test information as a basis for denying
insurance or “rating” individuals (4). Thus far in 2007, 41 states have passed
legislation that protects the public from genetic discrimination by insurance
companies, and 32 states have passed laws protecting against discrimination in
the workplace (5). However, the state laws vary greatly in terms of defining
genetic information and providing privacy and confidentiality guidelines. Some
states consider family history genetic information, while other states narrow the
definition to only genetic test results (4,6). The lack of definition of what con-
stitutes genetic information leaves vast room for interpretation. The extent to
which these new laws can be defined and enforced is still undetermined, as very
few issues have been brought to court.

The Health Insurance Portability and Accountability Act (HIPAA) offers
some protection against genetic discrimination to people who are members of
group health insurance plans. Employment-based insurance, a type of group
health insurance, which is the most common form of health insurance coverage
in the United States, is based on membership in a large pool of individuals of
widely varying personal health risks and costs. Insurance premiums are calcu-
lated for the pool, and individual rates do not vary based on the risk profile of
each member (6). Under HIPAA, protection is offered to individuals who are
members of a group plan, including provisions from being denied insurance,
having insurance canceled, and having rates raised due to an individual’s pre-
existing condition (4,9). However, HIPAA would allow insurance companies to
raise premiums or deny coverage to an entire group based on the medical records
of one member of that group. Thus, this federal law offers only limited pro-
tection and has not yet been adequately defined by the court. Private health
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insurance more closely resembles life insurance, with individual risk assignment
the norm. Typically, genetic carrier status can be considered as a preexisting
condition that constitutes a basis for either denying coverage or charging more
for it (6).

For the last few years, there has been an attempt to pass national legislation
that would broaden protection from genetic discrimination protection to national
legislation. Opponents have argued that the national legislation is unnecessary as
there is no current evidence that discrimination is currently a threat (7). How-
ever, a new act, the Genetic Information Nondiscrimination Act (GINA) of 2008,
offers protection to individuals from health insurance and employment dis-
crimination on the basis of genetic information. While some protection is offered
by HIPAA and various state laws, GINA strengths and broadens the existing
safeguards by limiting an insurers’ ability to raise rates for an entire group, and
prohibits individual health insurers for determining eligibility or premiums on
the basis of genetic information (8). GINA offers protection from employment
discrimination by prohibiting employers from requesting or requiring a person to
undergo a genetic test, or using a person’s genetic information in making
employment decisions. Although opposing voices still exist, this federal legis-
lation reflects the rise of public awareness and societal concerns about the issue
of genetic discrimination.

Life insurance companies argue that they would be put at an unfair
advantage if individuals were able to obtain life insurance based on their own
knowledge of carrier status, without the would-be insurer having access to the
same information. The argument has to do with “adverse selection” whereby a
woman with, for example, a BRCA mutation obtains a million dollar term life
insurance policy (10,11). She knows her risk of early cancer death is increased,
but if the insurer does not, the policy cannot be priced according to standard
actuarial principles. The insurance company loses money and/or must charge the
rest of the pool of insured more to compensate for the distorted pricing for the
individual in question. These same authors argue that they should have access to
specific test information just as they have access to family history information
(10). Therefore, patients should be counseled that while some laws exist to
protect against health insurance discrimination, no laws exist to protect against
life insurance discrimination.

Employment discrimination based on genetic information is also a con-
cern. The introduction of state legislation and HIPAA offers some protection
against employment discrimination. However, as with insurance discrimination,
it is difficult to predict exactly what protection these laws will offer as they have
not yet been tested in the courts (12). In 1995, the Equal Employment Oppor-
tunity Commission (EEOC) stated that the American Disabilities Act would
offer protection to individuals who were discriminated on the basis of “genetic
information relating to illness, disease, or other disorders” (12). As with state
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legislation, this statement offers ambiguous protection due to the lack of court
cases.

The possibility of genetic discrimination should be discussed with the
patient during the informed consent process. Interestingly, in the 15 years since
the discovery of the BRCA1 gene, thousands of hereditary cancer genetic tests
have been performed, and to our knowledge, there have been no documented
cases of an individual losing health insurance based on hereditary cancer genetic
test information. Rather, clinicians have noted that the fear of genetic discrim-
ination prevents patients from undergoing genetic testing. Therefore, clinicians
and genetic counselors have a responsibility to adequately address the concerns
of the patient, to help them weigh the potential risks of genetic testing against the
potential benefits, and even in the absence of concrete answers, provide direction
to other sources of helpful information.

DUTIES AND OBLIGATIONS OF THE PHYSICIAN
Duty to Warn

Both ethics and the law contribute to the discussion surrounding the physician’s
duty to warn other family members when a patient has a positive test for a
mutation for a hereditary cancer susceptibility gene. When a patient with a
positive genetic test result indicating a hereditary predisposition to a cancer
syndrome does not wish to share this information with family members, the
clinician is left in both a legal and ethical dilemma. Offit et al. discuss how
the “beneficence” principle of informing a relative directly conflicts with the
“autonomy” of the tested individual to decide when and how to disclose personal
health information. They conclude that although well intentioned, overriding the
autonomy of a patient is paternalistic and recommend that physicians do not
override the right of the patient to confidentiality (12).

Case law has helped to define the obligations of a physician regarding the
duty to warn family members about hereditary cancer risk. In the Florida case
Pate v. Threkel, the court ruled that warning and educating the affected patient,
in this case with medullary thyroid cancer, would allow the doctor’s duty to be
met, and there was no need for other familial notification (13,14). However, in
the case Safer v. Estate of Pack, litigated in 1996, the court expanded the
definition of the duties of physicians to warn. In this case, the daughter of a
patient with familial adenomatous polyposis (FAP) who died from colon cancer
later developed colon cancer herself at the age of 36 years (15). She sued the
estate of her father’s surgeon claiming: (i) that he had a duty to warn those
known to be at risk of avoidable harm from a genetically transmissible condition,
(i) that the physician’s duty did extend to members of the immediate family of his
patient, and (iii) that he had breached these duties. Although the initial case was
dismissed, the decision was reversed by a New Jersey Appeals Court that ruled “a
physician’s interest and duties may extend beyond the interests of the immediate
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family” and “the attending physician had the distinct and definite duty to warn the
parents to monitor their children’s health conditions” (15).

Genetic testing results are unique among medical tests in that a positive
germline mutation in an individual has direct medical implications on family
members who may harbor the same deleterious mutation. While the clinician
may feel obligations to alert family members of the test results when a patient
does not wish to disclose the results, patient confidentiality must be maintained.
Strict laws, such as the Standards for Privacy of Individually Identifiable Health
Information (Privacy Rule) passed as part of HIPAA in 1996, protect patient’s
private health information (12). The guidelines of the American Medical
Association (AMA) and the American Society of Clinical Oncology (ASCO)
suggest that physicians should encourage their patients to share family genetic
information as a means of meeting a responsibility to family members (16,17).

Duty to Provide a Standard of Care

Clinical practice guidelines (CPGs), which have become more prevalent over the
last decade, can help inform the standard of care. However, in the United States,
standards of care are determined on a specialty-by-specialty basis (18). CPGs
exist that help define patients who may benefit from genetic counseling and
testing. After identifying those with an inherited susceptibility to cancer, CPGs
can also be useful in outlining who may benefit from more intensive screening or
risk reduction procedures to decrease the risk for the development of primary or
secondary cancers.

In the United States, the issue of professional liability for negligence based
on failure to adhere to standards is a realistic concern (18). Four basic elements
must be established to find a physician liable for medical malpractice. These are
injury, duty, negligence, and proximate causation. These have all been elabo-
rated elsewhere (19). In most instances, the injury has clearly occurred, and the
physician-patient relationship established (source of duty). Most cases thus hinge
on whether the provider has in fact performed negligently and if so, whether the
negligence was the main basis for the injury that occurred (proximate cause).

Unlike the situation in most other areas of tort law, negligence in medical
malpractice cases has traditionally been defined in terms of the “standard of
care.” This last issue seems to be pivotal in most cases, with experts providing
opinions as to whether the alleged acts or omissions were in keeping with the
usual or customary practices. It is often contended that the bar is set rather low,
with “usual,” “customary,” or “average” being good enough to protect the
provider. Many plaintiff advocates complain that physicians are relatively
unique in being able to set their own standards, with little or no external over-
sight (20). Guided by the differences of opinion and CPGs in the details of the
prevailing practice and whether it was adhered to in the case in point, the judge
and jury need only arrive at a judgment as to the physician’s actions in relation to
the expert-defined standard.
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For hereditary cancer syndromes, case law has established that the duty to
provide a standard of care encompasses not just appropriate and timely referral
to genetic counseling and testing but also offering appropriate screening and risk
reduction strategies for cancer prevention to those with strong family history or
known deleterious germline mutations. In 2006, the Seattle Times reported a
malpractice suit against a medical center in Seattle, Washington, that settled for
1.6 million dollars for failure to diagnose a patient with hereditary breast
and ovarian cancer syndrome and for not offering risk-reductive salpingo-
oophorectomy (21). In this article, a young woman was diagnosed and survived
bilateral breast cancer at the ages of 28 and 37 years but ultimately passed away
from ovarian cancer at the age of 43 years. The lawsuit settled in 2001, and the
file was sealed on a motion by the plaintiffs. Thus the lawsuit’s outcome was
never reported in an electronic database of jury verdicts or settlements.

CONCLUSION

Genetic testing, a relatively new technological advance in medicine, leads to new
challenges for patients and clinicians alike. From the patient’s perspective, the
theoretical possibility of genetic discrimination in the form of loss of health
insurance, inability to obtain life insurance, and employment discrimination
remains a palpable concern even in the absence of documented cases of dis-
crimination from hereditary cancer test results. For physicians and other health
care providers, the importance of adequately counseling patients to weigh the
potential risks and benefits of genetic testing should be emphasized. In addition,
for physicians, the potential struggle between ethical and legal concerns of trying
to ensure that the larger, extended family of at-risk individuals are informed
while respecting patient confidentiality remains a challenge. Finally, CPGs
regarding hereditary cancer genetic testing and management are evolving. From
both a medical-legal standpoint and for optimal patient care, clinicians must stay
abreast of the current practice recommendations.

Resources for Health Care Providers and Patients

* The National Conference of State Legislatures. This site includes information
on State genetic privacy laws, employment, and health insurance.
Available at: http://www.ncsl.org/programs/health/genetics/charts.htm.

e State Genetic Privacy Laws. Last updated January 2008.
Available at: http://www.ncsl.org/programs/health/genetics/prt.htm.

e National Human Genome Research Institute, National Institutes of Health.
Genome.gov. Genetic Discrimination. This Web site has links to multiple
topics related to genetic discrimination, previous reports of genetic dis-
crimination, and current legislation.

Available at: http://www.genome.gov/pfv.cfm?pagelD=10002077.
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CASE REPORT

J.K. is a 41-year-old woman with endometrial cancer. Her family history was
limited but significant for a mother diagnosed with colon cancer at the age of
53 years. J.K. was tested and found to have a deleterious mutation in MSH2. J.K.
has been estranged from all of her biologic family and was reticent to contact
them to communicate the results from her genetic testing. After much discussion
with the genetic counselor, the decision was made to provide an anonymous
letter to family members.

LEARNING POINTS

® There are many different ways to communicate genetic test result information
to family members.

® Through encouragement and counseling, health care providers can help
patients through potential barriers to communicate this important information.
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KEY POINTS

¢ Studies have found that in general most mutation carriers do not report
clinically significant levels of psychological distress in the first year after
testing. However, long-term effects have not been adequately studied.

e Some subsets of patients, such as those with preexisting anxiety or de-
pression, may experience higher levels of distress during and after genetic
counseling and testing. Adequate counseling and support throughout the
process may be beneficial.

e Communication aids such as a genetic counseling summary letter or infor-
mational booklet may be helpful to mutation carriers trying to communicate
the test results to family members.

INTRODUCTION

The primary hereditary cancer syndromes that confer an increased risk for
gynecologic cancers are hereditary breast-ovarian cancer syndrome (HBOC) and
Lynch syndrome/hereditary nonpolyposis colorectal cancer (HNPCC).
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Approximately 5% of uterine cancers and 10% of ovarian cancers are attributed
to a hereditary cause. Deleterious germ line mutations associated with these
syndromes have been identified in the BRCA1 and BRCA?2 genes for HBOC and
in mismatch repair genes (i.e., h(MLHI, hMSH2, hMLH6, PMSI) for Lynch
syndrome. Through genetic testing, health care providers can identify women
who carry such mutations and subsequently have a risk for developing uterine or
ovarian cancer that substantially exceeds the general population risk for these
diseases. A primary benefit of genetic testing is the ability to offer targeted
options for cancer risk reduction and risk management to those high-risk persons.
Since genetic testing for HBOC and Lynch syndrome became clinically
available over a decade ago, psychosocial research has focused on understanding
individuals’ motivations and decisions regarding genetic testing, the psycho-
logical impact of genetic risk notification, effects on family and interpersonal
relationships, and factors that influence the uptake of risk reduction options (e.g.,
screening, risk-reducing surgery, or chemoprevention). This chapter will high-
light the relevant literature on these topics for HBOC and Lynch syndrome and
the implications for clinical practice. It is important to note that most studies do
not report outcomes specifically in terms of gynecologic cancers associated with
these two syndromes, with the exception of studies that evaluate decisions
regarding screening or risk-reducing surgery. The majority of participants
in psychosocial research on BRCAI/BRCA?2 testing are women; however,
most psychosocial research on Lynch syndrome includes both men and
women. Nonetheless, findings from these studies can guide clinicians toward
understanding why people seek genetic counseling and testing, what they hope to
gain from it, and how they cope with the results of testing and subsequently
integrate that information into cancer prevention and treatment decisions.

UPTAKE OF GENETIC COUNSELING AND TESTING FOR HEREDITARY
BREAST AND OVARIAN CANCER AND LYNCH SYNDROME

Decision-making about genetic testing for inherited cancer susceptibility is
complex and may be influenced by medical, psychological, and social factors
(1). Genetic counseling and testing is a multistep process that involves several
decision points, such as decisions about whether to seek counseling, undergo
mutation testing, and receive test results. Following the disclosure of genetic test
results, individuals also face decisions about whether and when to share results
with family members, health care providers or others, and about risk manage-
ment choices regarding screening, risk-reducing surgery, or chemoprevention.
An increasing number of studies have examined acceptance rates for
genetic counseling and testing for BRCAI/BRCA?2 and Lynch syndrome-associated
mutations and have identified demographic, clinical, and psychosocial predictors
of testing participation. Most studies recruited participants from familial cancer
registries or clinical settings, such as cancer genetics or oncology clinics, and
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many studies offered free genetic counseling and testing as part of research
protocols (2-6). However, comparison of uptake rates across studies is
challenging because of differences in methodological characteristics, including
the sampling strategy used and the recruitment setting (2). There are many points
in the genetic counseling and testing process at which an individual may decline,
and a standard methodology for reporting uptake rates is lacking (7).

Genetic Testing for BRCA1/BRCA2 Mutations

Uptake rates for BRCAI/BRCA2 mutation testing have varied widely. A sys-
tematic review of studies that reported the proportions of persons who underwent
genetic testing showed that uptake rates ranged from 20% to 96%, with an
average uptake rate of 59% across all studies (2). Results of multivariate analysis
indicated that testing uptake was associated with having a personal or family
history of breast or ovarian cancer (2), which was supported by later research (8).
Methodological features of the studies, including the use of convenience sam-
pling strategies and recruitment from clinical settings, also were associated with
greater testing uptake (2). Several psychosocial factors have been positively
correlated with BRCAI/BRCA?2 testing uptake, including the presence of cancer-
specific distress (8,9) and perceived risk of developing breast or ovarian cancer.
Having children or having a greater number of cancer-affected relatives also has
been correlated with greater testing uptake; however, no clear pattern has
emerged regarding the relationship between testing uptake and other demo-
graphic factors, such as age and educational level (1,9-13).

Relatively little is known about the characteristics of persons who decline
genetic testing. This may be partly because persons who have declined testing
also may have been reluctant to take part in research studies, making access to
these samples difficult. The limited data on decliners of BRCAI/BRCA2 muta-
tion testing suggest that those persons are more likely to be male, unmarried,
childless, and to be younger and have fewer cancer-affected relatives compared
with testing acceptors (11,14,15). Compared with those who pursued BRCA1/
BRCA?2 testing, decliners reported lower levels of cancer worry (11) and were
more likely to report positive changes in family relationships (16). Nonetheless,
the decision to decline genetic testing may be influenced by apprehension about
the potential negative impact of receiving test results, particularly with regard to
worries about one’s own health or children’s health, and possible effects on job
or life insurance discrimination (11). Few data exist on longer-term psycho-
logical effects of declining BRCAI/BRCA2 genetic testing. One prospective
study of 327 persons identified as mutation carriers, noncarriers, and testing
decliners suggested that decliners might be at greater risk of experiencing dis-
tress. In this study, depression rates in decliners increased significantly from
26% at the baseline (pretest) assessment to 47% at one- and six-month follow-up
assessments, while rates among carriers and noncarriers remained unchanged or
decreased, respectively (14).



264 Peterson

Genetic Testing for Lynch Syndrome-Associated Mutations

Genetic testing uptake rates for Lynch syndrome-associated mutations have
ranged from 14% to 59% (4,5,17,18). The wide range of uptake rates suggests
that factors such as cost, test characteristics, and the context in which counseling
and testing were offered may have influenced participants’ decisions. For
example, uptake rates tend to be highest (i.e., 36-59%) among studies that offered
free genetic counseling and testing as part of a research protocol (3-5,18,19).

The uptake of genetic testing for Lynch syndrome susceptibility has been
associated with having a personal history of cancer, a greater number of affected
relatives, a greater perceived risk of developing colorectal cancer, and more
frequent thoughts about colorectal cancer (3-5,18). Test acceptors also were
more likely to be employed and have higher educational levels compared with
decliners, and there appeared to be no differences in testing uptake for men
and women (3,5,18). Participation in genetic counseling to learn about Lynch
syndrome-associated cancer risk also has been correlated with having greater
perceived social support (20), and the desire to learn about one’s mutation status
may be motivated by the belief that testing will help family members (6).

While less is known about the characteristics of persons who decline
genetic testing for Lynch syndrome, decliners may be more likely to report
depressive symptoms, a lack of prior colorectal cancer screening, and a lower
perceived ability to cope with mutation-positive test results (3,5). Other reasons
cited for not seeking genetic counseling or testing have included concerns about
potential insurance discrimination, how genetic testing would affect one’s
family, and emotional reactions to genetic test results (4).

In summary, studies have revealed that clinical factors (having a personal
history of cancer or having a greater number of cancer-affected relatives) as well
as psychological factors (greater perceived risk of developing cancer, greater
distress or worries related to cancer) are consistently and positively associated
with the decision to undergo testing for BRCAI/BRCA2 and Lynch syndrome-—
associated mutations. Individuals’ decisions to undergo genetic counseling and
testing may reflect a strong motivation to gain knowledge about why they were
diagnosed with cancer and/or about their family members’ cancer risk (1). These
findings suggest that persons may undergo genetic testing to reduce cancer-
related distress and to feel reassured. Additionally, the decision to decline testing
may be approached with some apprehension, although relatively less is known
about the long-term consequences of these decisions, since decliners may not
maintain contact with genetic counselors or other providers.

Given the complexity of the decision to undergo genetic testing,
researchers have begun to test innovative strategies to facilitate education and
decision making about inherited cancer risk and genetic testing. Decision aids
have been developed using diverse formats from booklets to personalized,
interactive computer technology (21-26). Randomized controlled trials have
shown that the use of decision aids during the counseling and testing process can
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improve knowledge and accuracy of risk perception, facilitate clarification of
values, and reduce decisional conflict and that their use does not cause anxiety or
distress (21,23,26). A computer-based decision aid also was shown to enhance
the quality and efficiency of genetic counseling sessions by enabling counselors
or other providers to spend less time on the delivery of factual information and to
reallocate more time to addressing individual risk and psychosocial concerns
(27). Results from these studies indicate that decision aids can be useful adjuncts
to standard counseling and education, particularly as genetic testing increasingly
moves into the realm of primary care where access to genetic counselors or other
genetics specialists may be limited.

THE PSYCHOLOGICAL IMPACT OF UNDERGOING
GENETIC COUNSELING AND TESTING

When clinical genetic testing for hereditary cancer risk first became available, a
primary concern was whether, or to what degree, persons would experience
adverse psychological consequences as a result of undergoing counseling and
testing. Clinicians and researchers also sought to characterize those persons most
vulnerable to experiencing negative effects to identify specific needs for psy-
chological support during the counseling and testing process. Studies have
examined psychological distress outcomes (most commonly, depression, anxi-
ety, and cancer-specific worries or distress) in persons before genetic counseling,
after counseling, and for various lengths of time after disclosure of mutation
status and have delineated responses in terms of mutation-positive, mutation-
negative, and inconclusive/uninformative results. Much of the research to date
has focused on the psychological impact of genetic testing in cancer-unaffected
persons; however, a smaller number of studies also have examined effects on
persons diagnosed with cancer.

BRCA1/BRCA2 Testing

A recent review of studies examining psychological outcomes (including anxi-
ety, depression, general distress, and cancer-specific distress) following BRCA1/
BRCA2 genetic testing among cancer-unaffected women concluded that, in
general, mutation carriers experience no adverse effects up to one year after
disclosure of results and noncarriers may gain psychological benefits from
testing (1). Studies have shown that mean scores on psychological outcome
measures either improved or did not change for unaffected noncarriers (12,28-30).
For unaffected carriers, most studies have shown that unaffected carriers’ dis-
tress following disclosure of their mutation status did not change relative to
baseline (12,28,30,31) or increases over the short term (29,32,33). It is important
to note that psychological distress measured in these studies generally did not
reach levels of clinical significance and usually remained within normal ranges.
There are limited data regarding the long-term psychological impact of BRCA1/
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BRCA2 mutation testing. A study that examined anxiety and distress up to five
years after results disclosure found that distress levels did not differ between
mutation carriers and noncarriers up to one year postdisclosure (34). However,
anxiety and depression increased from one to five years’ follow-up, and long-
term distress was associated with the presence of cancer-specific distress at the
time of testing, having young children, and having lost a family member to
breast or ovarian cancer (34). Also, a majority of carriers had undergone risk-
reducing surgery during the follow-up time period, which could possibly con-
found the distress outcomes (1). Taken together, these findings suggest that
notification of positive mutation carrier status does not appear to significantly
impact psychological distress; however, psychosocial research is needed to
further explore the long-term impact of genetic testing.

Most studies have focused on psychological outcomes of unaffected
women who underwent BRCA1/BRCA?2 genetic testing, and the limited focus on
cancer-affected women’s experience with testing may have stemmed from an
early assumption that the impact of genetic risk notification is attenuated by their
prior experience with a cancer diagnosis. In contrast, findings from some studies
of affected carriers tell a somewhat different story. Often, cancer-affected
mutation carriers experienced no change in distress levels over time after dis-
closure of results (12,30,35), although strong declines in well-being were
reported by affected carriers in one study, particularly among those who had
been diagnosed with cancer within the previous year (32). In fact, affected
women may underestimate their own emotional response to receiving a mutation-
positive test result, which in turn can exacerbate distress. A study by Dorval et al.
(36) showed that affected BRCAI carriers experienced higher levels of anger and
worry after disclosure than they had anticipated, and their underestimation of
postdisclosure distress was associated with higher levels of general distress at
six-month follow-up. Because testing protocols advise beginning mutation
testing with affected individuals, being the first person identified as a mutation
carrier in one’s family may pose an additional psychological burden (37).

The relatively limited data that exist on the impact of receiving unin-
formative genetic test results suggest that a person receiving such a result may
not experience the same decrease in distress as a person receiving a true negative
result (30). Understanding the meaning of inconclusive results may be difficult,
and accurately communicating their meaning to family members may be chal-
lenging (38-40).

Lynch Syndrome

Longitudinal studies of psychological outcomes after genetic testing for Lynch
syndrome-related mutations indicated that carriers may experience increased
general distress (41,42), cancer-specific distress (43), or cancer worries (42),
relative to their pretest assessments immediately following disclosure of their
mutation status (e.g., two weeks to one month). Carriers’ distress often was
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significantly higher postdisclosure compared with noncarriers’ distress (41-44).
However, in most cases, distress responses were short term, and carriers’ distress
levels subsided during the course of the year after disclosure (41,42) and did not
differ from pretest distress levels at one year postdisclosure (43,44). Findings
from these studies also indicated that noncarriers may derive psychological
benefit from testing, as they experienced a reduction or no change in distress up
to a year following results disclosure (41-44). Less is known about the long-term
psychological impact of HNPCC genetic counseling and testing beyond one year
following notification of mutation carrier status. One study evaluated psycho-
logical outcomes up to three years after disclosure of mutation status (44).
Carriers’ and noncarriers’ three-year mean scores on measures of depression,
state anxiety, and cancer-specific distress were similar to scores obtained prior to
genetic testing, with one exception: noncarriers’ cancer-specific distress scores
showed sustained decreases posttesting and were significantly lower compared
with their baseline scores and with carriers’ scores at one year posttesting, with a
similar trend observed at three years posttesting.

Subgroups of individuals may be at higher risk of psychological distress
following disclosure of test results, including those who present with relatively
higher scores on measures of general or cancer-specific distress before under-
going testing (6,42,45-47). In a sample of colorectal cancer patients who had
donated blood for genetic testing, higher levels of depressive symptoms and/or
anxiety were found among women, younger persons, and nonwhites, as well as
those with less formal education and fewer and less satisfactory sources of social
support (47). A subgroup of individuals who showed higher levels of psycho-
logical distress and lower quality of life and social support were identified from
the same population; in addition, this subgroup was more likely to worry about
finding out that they were HNPCC mutation carriers and being able to cope with
learning their test results (20). In a follow-up report that evaluated psychological
outcomes following disclosure of test results among both colorectal cancer
patients as well as relatives at risk of having a HNPCC mutation, a subgroup
with the same psychosocial characteristics experienced higher levels of general
distress and distress specific to the experience of having genetic testing within
the year after disclosure, regardless of mutation status. Nonwhites and those with
lower education had higher levels of depression and anxiety scores at all time
compared with whites and those with higher education, respectively (42). Other
studies have also found that a prior history of major or minor depression, higher
pretest levels of cancer-specific distress, having a greater number of cancer-affected
first-degree relatives, greater grief reactions, and greater emotional illness—
related representations predicted higher levels of distress from one to six months
after disclosure of test results (46,48). While further research is needed in this
area, case studies indicate that it is important to identify persons who may be
at risk of experiencing psychiatric distress and to provide psychological sup-
port and follow-up throughout the genetic counseling and genetic testing
process (49).
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FAMILY COMMUNICATION ABOUT GENETIC TESTING
AND INHERITED CANCER RISK

Cancer genetic test results provide information about the individual tested as
well as his or her biological relatives, and individuals who undergo testing
(particularly index cases, or the first person tested in the family) are the gate-
keepers for this information in their families (50). It is generally accepted that
communication about genetic risk information within families is largely the
responsibility of family members, rather than health care providers. The
American Society for Clinical Oncology (ASCO) has advised that health care
providers educate persons who undergo genetic testing for inherited cancer
susceptibility about the importance of communicating test results to family
members (ASCO 2003). It is encouraging to note that studies have consistently
shown that persons generally are willing to share their genetic test results with at
least some of their relatives, often within a few weeks after disclosure (51-53).
Typically, communication is more likely to occur with first-degree relatives
(e.g., siblings, children) rather than with more distant relatives (51-53).
Motivations for sharing genetic risk information include a desire to increase
family awareness about health care options and predictive genetic testing as
well as a perceived moral obligation and responsibility to help others in the
family (51,52).

While communication about genetic risk is generally perceived by most
study participants as an open process, some barriers to doing so were reported
across studies. Reasons for not informing a relative included lack of a close
relationship and lack of contact with the individual; in fact, emotional rather than
relational closeness seemed to be a more important determinant of the degree of
risk communication. Disclosure seemed less likely if at-risk individuals were
considered too young to receive the information (i.e., children), or if information
about the hereditary cancer risk had previously created conflict in the family
(52), or if it was assumed that relatives would be uninterested in information
about testing (51). Prior existence of conflict seemed to inhibit discussions about
hereditary cancer risk, particularly if such discussions involved disclosure of bad
news (52).

In some cases, probands reported feeling particularly obliged to inform
family members about a hereditary cancer risk (52) and were often the strongest
advocates for encouraging their family members to undergo genetic counseling
and testing for the family mutation (53). Some gender and family role differ-
ences also emerged regarding the dissemination of hereditary cancer risk
information. One study reported that female probands were more comfortable
discussing genetic information than were male probands and that male probands
showed a greater need for professional support during the family communication
process (51). Female BRCAI/BRCA2 mutation carriers were more likely to
inform their fathers or brothers about genetic test results if the inheritance of
mutations occurred through a paternal line or if there was the presence of
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paternal family cancer history (54). Mothers may be particularly influential
members of the family network regarding communicating health risk informa-
tion (55) and were more likely to be involved in communication about BRCA1/
BRCA2 or Lynch syndrome mutation results (54). Parents from high-risk fami-
lies often communicated with their minor children about their genetic test results,
and this communication was more likely to occur with older rather than younger
children and in families that favored a more open communication style (56,57).
Mutation-negative individuals, persons who chose not to be tested, and spouses
of at-risk persons reported not feeling as personally involved with the risk
communication process compared with probands and other at-risk persons who
had undergone genetic testing (53). It was suggested that families who are more
comfortable and open with cancer-related discussions might be more receptive
and accepting of news about genetic risk (52).

Various modes of communication (e.g., in-person, telephone, or written
contact) may typically be used to disclose genetic risk information within
families (51-53). In one study, communication aids such as a genetic counseling
summary letter or HNPCC booklet were viewed as helpful adjuncts to the
communication process but were not considered central or necessary to its
success (51). Studies have suggested that recommendations by health care pro-
viders to inform relatives about hereditary cancer risk may encourage commu-
nication about HNPCC (52) and that support by health care professionals may be
helpful in overcoming barriers to communicating such information to family
members (58).

RISK MANAGEMENT RECOMMENDATIONS FOR CARRIERS OF BRCA1/
BRCA2 AND LYNCH SYNDROME-ASSOCIATED MUTATIONS:
DECISION MAKING AND PSYCHOLOGICAL CONSEQUENCES

Carriers of BRCA1/BRCA?2 or Lynch syndrome-associated mutations are advised
to follow recommendations for reducing their gynecologic cancer risk, which
include options for screening and risk-reducing oophorectomy and/or hysterec-
tomy (59,60). A primary goal of genetic testing is ultimately to reduce cancer
morbidity and mortality in families with HBOC and Lynch syndrome; thus it is
important for clinicians to understand factors that influence women’s decisions
regarding risk reduction options, barriers to adoption of the recommendations,
and the effects on quality of life and psychological adjustment.

Screening For Gynecologic Cancers

Ovarian Cancer Screening in BRCAT/BRCA2 Mutation Carriers

Risk management recommendations for BRCAI/BRCA2 mutation -carriers
include the option of screening for ovarian cancer risk by transvaginal ultrasound
(TVU) and serum CA-125 testing every six months, although efficacy data for
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these strategies are lacking (59,61). Studies have evaluated the adoption of
recommended screening within the year following disclosure of mutation status
and have found wide variation in uptake rates. Within the year following dis-
closure of BRCA 1/BRCA?2 mutation status, uptake of TVU among carriers ranged
from 15% to 100%, and uptake of CA-125 testing ranged from 21% to 68% (62-68).
Positive BRCAI/BRCA2 mutation status was the most consistent predictor of
ovarian cancer screening use after testing (33,62,64-66,69). Studies also reported
that greater perceived risk of developing ovarian cancer, having a greater number
of ovarian cancer—affected relatives, and physician recommendation were posi-
tively associated with adherence to ovarian cancer screening following mutation
testing (65,70,71).

Endometrial Cancer Screening in Lynch Syndrome

Gynecologic cancer risk management recommendations for Lynch syndrome
include the option of annual endometrial biopsy with TVU for women with a
suspected or documented mismatch repair mutation beginning at age 30 to 35
years (60); again, these strategies have no proven efficacy in the early detection
of endometrial cancer. Few studies have examined adherence to endometrial
screening in Lynch syndrome and have comprised small numbers of women at
risk. Available data suggest that mutation carriers do not universally adopt
intensive gynecologic cancer screening; however, use of screening appears to
increase following genetic counseling and testing, in response to notification that
one is at increased risk for endometrial cancer. A cross-sectional study of per-
sons surveyed six months to nine years after genetic testing for Lynch syndrome
found that 69% of mutation-positive women reported following gynecologic
screening advice, significantly more than had done so prior to testing (10%);
however, the screening interval and specific gynecologic tests were not described
(72). Among women enrolled in a Lynch syndrome registry who had received
genetic counseling and risk assessment with or without genetic testing, 69% had
undergone at least one endometrial biopsy (73). Other studies have reported that
within one to three years after disclosure of test results, 53% to 54% of carriers
underwent endometrial biopsy and 47% to 86% underwent TVU (44,74,75).

Risk-Reducing Surgery

Risk-Reducing Salpingo-Oophorectomy
in BRCAT/BRCA2 Mutation Carriers

The benefits of risk-reducing salpingo-oophorectomy (RRSO) for high-risk
women include a reduction in both breast and ovarian cancer risk, with an 85%
to 90% reduction in lifetime ovarian cancer risk for BRCAI/BRCA?2 carriers
(76,77). There is a wide variation in uptake rates for RRSO among BRCAI/
BRCA2 carriers following genetic testing, ranging from 5% to 75% across studies
(33,63,65,68,69,76,78,79). Clinical factors associated with uptake of RRSO
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include positive BRCA1/BRCA2 mutation status, prior to breast cancer diagnosis
or risk-reducing mastectomy, and having a family history of ovarian cancer
(62,69,79,80). Psychosocial and other factors also associated with uptake include
greater perceived benefits of surgery, higher perceived cancer risk, older age,
and having children (33,66,80-82). Limitations of current ovarian cancer
screening options and the perceived severity of ovarian cancer also may influence
decisions to undergo RRSO (66,80).

Available data suggest that there is a psychological benefit to undergoing
RRSO, specifically regarding reductions in cancer worry and in perceived risk of
developing cancer (80,83,84). However, the effect of RRSO on long-term psy-
chological adjustment and quality of life warrants further study. Bresser et al.
(85) found that about one-fourth of women who had undergone RRSO reported
clinically significant levels of cancer-specific distress at one-year follow-up
(86-88). Other studies have reported long-term dissatisfaction with body image
(87) and reduced quality of sexual functioning in 42% to 54% of women who
had undergone RRSO (86,88).

Despite the obvious risk reduction benefits of undergoing RRSO, the
decision to do so carries considerable consequences, particularly for premenopausal
women (40,66,78). Reasons for not undergoing or delaying the decision to have
RRSO include the desire for childbearing, worries about feeling a loss of fem-
ininity, and concerns about long-term use of hormone replacement therapy
(HRT) (78,89). To facilitate decision making about RRSO, women reported a
need for information about the possible physical and emotional effects to expect
after surgery, including the resulting premature menopause and about benefits
and risks of HRT (83,87). To help assure successful outcomes after RRSO,
including optimizing quality of life, these findings suggest the need for presur-
gical patient education and communication about what to expect after surgery, as
well as careful follow-up to address post-RRSO physical symptoms and emo-
tional outcomes (Patenaude et al., personal communication).

Risk-Reducing Hysterectomy and Oophorectomy in Lynch Syndrome

Few data are available regarding the use of risk-reducing hysterectomy (RRH) or
RRSO among women with Lynch syndrome. One study of individuals who had
undergone genetic testing for Lynch syndrome suggested that consideration of
risk-reducing surgery may have motivated interest in testing (90). Before
receiving results, 69% of women reported considering RRH and RRSO; how-
ever, this study did not assess whether persons actually followed through with
risk-reducing surgery after they received their test results (90). In a longitudinal
study of cancer-unaffected persons who underwent genetic testing for Lynch syn-
drome, 5% of women indicated that they would have an RRH and an RRSO, if they
were found to be mutation positive (44,74). At three years following disclosure of
results, two women (of 13 female mutation carriers) who had undergone an RRH
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before genetic testing underwent RRSO within one year after testing, but risk-
reducing surgery was not elected by any other female mutation carriers (44).

The relatively low uptake of RRH and RRO among women with Lynch
syndrome may reflect individual preferences, such as delayed decision making
about surgery until childbearing has been completed. In a study by Sun et al.
(2005, personal communication), patient preferences were elicited for colorectal
and endometrial risk management strategies among women with Lynch syn-
drome. Women strongly preferred screening tests for Lynch syndrome risk
management, and the least attractive strategies were surgical interventions as a
means of cancer prevention, with the exception of postmenopausal total
abdominal hysterectomy (TAH)/bilateral salpingo-oophorectomy (BSO) (91).
Evidence showing the efficacy of hysterectomy and oophorectomy in reducing
the occurrence of endometrial and ovarian cancers for Lynch syndrome was
published relatively recently (79), and it is possible that the dissemination of
these efficacy data over time may increase provider recommendations about risk-
reducing surgery and influence patients to choose this option more frequently.

IMPLICATIONS FOR FUTURE RESEARCH AND CLINICAL PRACTICE

The availability of clinical genetic testing for hereditary cancer syndromes has
brought about rapid changes in the care of patients and their families who face
inherited cancer risk. The progress in clinical cancer genetics has yielded both
medical as well as psychological benefits for families with hereditary cancers.
Genetic testing presents these individuals with an opportunity to resolve
uncertainty about their personal and familial risk and to obtain information to
guide future health care decisions. Many persons have adopted recommended
strategies to reduce or manage their cancer risk, which is critical in translating
genetic information into reductions in cancer morbidity and mortality. Future
research should continue to explore the long-term psychosocial impact of genetic
testing, genetic risk notification, and adoption of risk reduction recom-
mendations at both the individual and family level, to address current gaps in
knowledge as well as to inform the delivery of optimal clinical services for high-
risk populations.

CASE REPORT

F.R. is a 38-year-old woman with a strong family history of breast and ovarian
cancer. Her aunt with ovarian cancer was recently diagnosed with a BRCAI
mutation. F.R. presented to a genetic counselor to discuss her personal cancer
risk. During the risk assessment, the genetic counselor discovered a past history
of a generalized anxiety disorder. Special attention was given to the implications
to the patient’s life of both a positive or negative result. A referral to a psy-
chologist was made prior to further action. F.R. decided to proceed with testing
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and was diagnosed with the same BRCA mutation. She reported feeling increased
levels of worry about a future cancer but did well with continued therapy and
with discussions regarding risk reduction options with an oncologist.

LEARNING POINTS

Women with preexisting anxiety or depression may need extra support
during the testing process.

Counseling prior to genetic testing should encourage patients to contem-
plate the impact a positive, negative, or uninformative result may have on
their daily life.
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