Anees B. Chagpar
Editor

Managing BRCA
Mutation Carriers

@ Springer



Managing BRCA Mutation Carriers



Anees B. Chagpar
Editor

Managing BRCA Mutation
Carriers

@ Springer



Editor

Anees B. Chagpar

Yale Comprehensive Cancer Center
Yale University School of Medicine
New Haven, CT

USA

ISBN 978-3-319-59197-1 ISBN 978-3-319-59198-8  (eBook)
DOI 10.1007/978-3-319-59198-8

Library of Congress Control Number: 2017940586

© Springer International Publishing AG 2017

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part
of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission
or information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt from
the relevant protective laws and regulations and therefore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and information in this
book are believed to be true and accurate at the date of publication. Neither the publisher nor the
authors or the editors give a warranty, express or implied, with respect to the material contained herein or
for any errors or omissions that may have been made. The publisher remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Printed on acid-free paper
This Springer imprint is published by Springer Nature

The registered company is Springer International Publishing AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland



Over the last several decades, there has been an explosion in our knowledge base
regarding the genetic basis of breast cancer. With the discovery of novel genes, and
with novel technology that has made genetic testing more easily available and
affordable, there has been increasing interest on the part of patients and providers to
access these services. Celebrities like Angelina Jolie have come forth to tell their
story, and more patients are now aware of their family history and genetic risk. At the
same time, with the Supreme Court’s overturning of the Myriad patent and with the
development of affordable panels for genetic testing for breast cancer risk, there has
been a democratization of access to this technology. With this, however, has come a
barrage of issues that bombard clinicians working in this space. How do we risk
stratify our patients? Who should receive genetic testing? When should we use
panels? How do we interpret a variant of uncertain significance? As more patients
undergo genetic testing, we are increasingly faced with questions surrounding the
value of prophylactic mastectomy, oophorectomy, or how best to surveil our patients
who opt not to undergo mastectomy. In patients who are diagnosed with cancer and
who harbor a genetic mutation, nuances exist in terms of their surgical, medical, and
radiation management. Clearly, fertility preservation and preimplantation genetic
assessment are also considerations. And of course, more men with genetic mutations
are diagnosed with breast cancer, and they warrant specific considerations. Finally,
throughout the journey—from genetic assessment through surgery and survivor-
ship—patients with genetic mutations have a variety of psychosocial considerations
and may have concerns about the legal implications of their diagnosis. This book is
intended to help clinicians navigate this complex landscape.

We are incredibly grateful to the stellar authors who have participated in this
project. Their expertise is unparalleled, and we appreciate their thoughtful con-
sideration in preparing the chapters herein. In addition, we are grateful to Stephanie
Frost and the rest of the team at Springer for their assistance in bringing this work to
fruition.

We hope that you should find this volume of interest, and helpful to you in your
practice. We look forward to your feedback!

New Haven, CT, USA Anees B. Chagpar
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Anvy Nguyen, Jessica Cintolo-Gonzalez, Jennifer K. Plichta
and Kevin S. Hughes

It is critical to identify all women who have a BRCAI or BRCA2 mutation before
they develop their first cancer. Identification of mutation carriers enhances the
accuracy of breast cancer prediction and allows treatment plans to be tailored to the
individual’s cancer. Preventive efforts, including increased screening intensity and
frequency, prophylactic surgery, and the use of chemopreventive agents, have
reduced the risk for breast cancer and increased survival among BRCA 1/2 mutation
carriers [1-3]. Underestimating carrier risk has a negative impact on breast cancer
prevention and may increase morbidity and mortality.
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As Mary-Claire King has stated, “to identify a woman as a carrier only after she
develops cancer is a failure of cancer prevention” [4]. We wholeheartedly agree, but
unfortunately, this is the current state of affairs with regard to genetic risk assess-
ment. While genetic testing has been available for the past 20 years, approximately
95% of unaffected BRCA mutation carriers remain unaware of their status. Far
worse, many mutation carriers who develop cancer still remain unidentified [5].

While these numbers are disconcerting, of all the hereditary cancer syndromes,
the rate of identification of BRCAI/2 mutation carriers among individuals with
hereditary breast and ovarian cancer syndrome is likely the highest. Lynch syn-
drome carriers (i.e., hereditary non-polyposis colorectal cancer) are even more
likely to remain unaware. As many as 99% of these carriers remain untested, owing
to incomplete documentation of family histories and poor awareness of genetic
referral criteria [6-8]. Moreover, since new breast cancer susceptibility genes,
including PALB2, CHEK?2, and ATM, have been introduced over the past several
years, awareness of these genes and application of multi-gene panel testing are also
critical [9—-11] and likely insufficient.

Risk Assessment

Hereditary cancer risk assessment is a multi-step process used to identify and
counsel individuals at high risk for hereditary or familial cancer. The current
method of identifying mutation carriers is flawed, is inefficient, and presents mul-
tiple barriers. To identify patients for genetic testing one must (1) take a family
history; (2) ensure that the history is comprehensive; (3) analyze the family history
data using risk models, guidelines, or intuition; (4) arrange access to resources for
genetic testing; and (5) finally, persuade the patient to proceed with testing. At each
of these barriers, a certain proportion of patients is lost.

After these barriers have been surmounted, the patient is ready for genetic
testing. Unfortunately, many physicians lack sufficient time during their examina-
tion to take a simple, much less comprehensive, family history. As a result, the
family history, considered the first genetic test, is often neglected or incomplete.
Even oncologists may fail to take a directed family history from patients who
already have cancer, leading to lower rates of referral for genetic counseling and
testing [12]. The physicians taking the family history also may have insufficient
expertise to characterize the conditions associated with increased risk for hereditary
syndromes and to identify which patients are testable. In addition to hereditary
breast and ovarian cancer (HBOC) syndrome, physicians should be familiar with
Li—Fraumeni syndrome (mutations in p53), Cowden syndrome (PTEN), Peutz—
Jeghers syndrome (STK11), the hereditary diffuse gastric cancer syndrome (CDH1),
and Lynch syndrome (MLHI, MSH2, MSH6, PMS2, and EPCAM), to name but a
few. Furthermore, some physicians have insufficient knowledge of genetics, may
feel uncomfortable with genetic testing, or lack accessible guidance for determining
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risk stratification and management [13—16]. Finally, when a complete family history
is taken, it requires vigilance on the part of patients and physician providers to
update the history every time a previously unaffected family member develops
disease; failure to do so, as so often occurs, can lead to missed opportunities for
genetic testing.

Some physicians feel comfortable performing the genetic tests themselves and
providing pre- and post-test counseling, whereas others prefer to refer their patients
to a professional geneticist or counselor. The goal of pre-test counseling is to ensure
that the patient is sufficiently prepared to understand the possible genetic basis of
disease, the personal risk for developing certain cancers, the consequences of
undergoing testing, and the available preventive and treatment options. Enhancing
the patient’s understanding of their cancer risk allows them to make informed
decisions regarding testing, and it has been shown that patients who receive pre-test
counseling have improved understanding and satisfaction [17]. Although genetic
counselors are skilled in communicating complicated genetic information, there are
not nearly enough counselors to meet the growing demand for genetic services.
Travel time, transportation, and childcare also pose barriers to access, and a long
delay between the time the appointment is made and the availability of a counselor
can produce substantial attrition [18].

Unfortunately, owing to the presence of these many barriers, the majority of
candidates are never tested. This is one of the reasons Mary-Claire King has
recently espoused that all women should undergo BRCA testing by age 30,
regardless of family history. While criticism has been levied by those who consider
this viewpoint to be extreme, given the low cost of genetic testing and expanded
appreciation for its value, it is hardly an unreasonable proposal. Indeed, testing has
become more commonplace, causes less anxiety among physicians, and is much
less expensive, making widespread testing a possibility worth serious consideration.

Nevertheless, as population-level screening for BRCA is still considered unac-
ceptable, the alternative strategy is to identify high-risk individuals before they
develop cancer. This responsibility falls to the primary care physicians (PCPs),
obstetrician/gynecologists, and to breast imaging centers where risk assessment can
be accomplished prior to cancer development. Assuming a complete cancer family
history has been obtained, patients can be identified for testing either through the
use of risk models, published guidelines, or based on the clinician’s intuition.

Guidelines for Genetic Risk Assessment and Testing

The guidelines for genetic risk assessment and/or testing are generally similar, since
most rely heavily on the individual’s family history. One of the most extensive are
the guidelines published by the National Comprehensive Cancer Network (NCCN),
which have recently been updated (February 2016) [19]. These guidelines contain
detailed criteria regarding who may qualify for additional genetic risk evaluation,
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and in certain cases, extensive knowledge of an individual’s family history may be
required to adequately perform the assessment. Individuals with breast cancer may
be eligible for an additional genetic evaluation if they have a known mutation in a
cancer susceptibility gene within the family, if their age at the time of diagnosis was
under 50 (or under the age of 60 for triple-negative breast cancer), or if a male
family member has been afflicted with breast cancer. Additional criteria focus on
the family history, regardless of the individual’s breast cancer history, such as
family members with breast, ovarian, prostate, and/or pancreatic cancer and fami-
lies of Ashkenazi Jewish descent. For individuals referred for genetic testing,
additional criteria are used to determine who may be eligible, although determi-
nation of such eligibility typically requires similar knowledge of one’s family
history. Of note, the NCCN guidelines have lowered the threshold for testing
individuals with limitations in the family tree (i.e., few female relatives) or those
who were adopted.

Other authoritative entities have published guidelines related to genetic testing,
including the American Society of Clinical Oncology (ASCO), the American
College of Obstetricians and Gynecologists (ACOG), the US Preventive Services
Task Force (USPSTF), and the American College of Medical Genetics and
Genomics (ACMG) [20-24]. In particular, ASCO has created several webpages
dedicated to helping providers collect a complete family history as well as decision
support for when to refer patients for further evaluation [20, 25, 26]. In response to
the quickly emerging technologies in genetics, ASCO also published a statement
related to genetic testing and the challenges that have been created by new tech-
nologies in an effort to ensure appropriate deployment in clinical practice [25]. In
determining who should receive further genetic risk assessment, ACOG’s recom-
mendations again rely on an individual’s personal and family histories, including
details such as a family history of breast cancer (with known age[s] at diagnosis),
ovarian cancer, Ashkenazi Jewish ancestry, and male breast cancer. Although these
guidelines identify those who may require further evaluation, they do not specifi-
cally detail those who should undergo genetic testing. The USPSTF guidelines are
even less specific, but also suggest initial screening by a primary care provider
based on personal and family histories (to be updated/reviewed every 5-10 years)
and ultimately recommend additional evaluation for genetic testing [22]. Similar to
the NCCN guidelines, the ACMG’s guidelines suggest referral for genetic testing
for those diagnosed with breast cancer under the age of 50, those with
triple-negative breast cancer under the age of 60, those with 2 or more breast
cancers (in the same person), and other select criteria [24]. Although these criteria
are seemingly easier to follow, they are limited to those at risk for hereditary breast
and/or ovarian cancer syndromes and are not ideal screening tools for those at risk
for other hereditary conditions related to breast cancer, such as Li—Fraumeni
Syndrome or Cowden Syndrome.
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Mutation Risk Prediction Models

Mathematical risk models can assist providers to determine who should be referred
for genetic testing. These models integrate data on risk factors, including family
history, in order to calculate the estimated risk that a given patient may carry a
deleterious BRCAI or BRCA2 mutation. By identifying particular risk factors, these
models can guide history taking to assure that providers collect appropriate data and
then provide a concrete prediction of the patient’s risk. While many such models
have been developed, four of the most highly validated and clinically applied
statistical models are the Myriad, BRCAPRO, BOADICEA, and Tyrer-Cuzick. The
most widely used model in the USA is BRCAPRO, while the BOADICEA model is
commonly used in Europe.

Myriad Model

The first Myriad model, known as Myriad I or the Shattuck-Eidens model [27], has
since been updated as the Myriad II model, also known as the Frank model [28].
Myriad uses logistic regression to predict the risk for a deleterious BRCAI/2
mutation using risk factors that are presented in tables that are accessible online and
routinely updated (https://www.myriadpro.com/hereditary-cancer-testing/hereditary-
breast-and-ovarian-cancer-hboc-syndrome/prevalence-tables/). Separate tables exist
for those with and without Ashkenazi Jewish (AJ) ancestry. Risk factors incorporated
into the Myriad II tables include personal breast cancer history (invasive or in situ)
with age of diagnosis categorized as > 50 or <50 years, history of ovarian cancer,
history of male breast cancer, and the combination of both breast and ovarian cancers.
Family history assessed includes breast cancer (diagnosed at age > 50 or <50 years)
and ovarian cancer diagnosed at any age in first- or second-degree relatives.
Attributing the same degree of risk to all breast cancer patients under the age of 50 is
a limitation of the Myriad II model. An online risk calculator also exists for appli-
cation in the clinical setting (https://www.myriadpro.com/hereditary-cancer-testing/
hereditary-breast-and-ovarian-cancer-hboc-syndrome/brca-risk-calculator/).

BRCAPRO Model

BRCAPRO predicts the likelihood that a woman may have a deleterious BRCA1/2
germline mutation [29, 30] and also predicts the likelihood of developing invasive
breast cancer or ovarian cancer within a set time period, including the risk for
contralateral breast cancer in those already diagnosed with breast cancer [31]. Using
Bayes’ theorem, BRCAPRO calculates risk based on frequently updated estimates
of the prevalence and penetrance of BRCAI and BRCA2 mutations and baseline
rates of breast cancer in the population. BRCAPRO considers relatives of any
degree and incorporates into its calculations their relation to the counselee,
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current age, breast cancer and ovarian cancer status, and age at diagnosis if affected.
BRCAPRO also incorporates pathologic markers (ER, PR, HER2, CK14, CK5/6)
for known breast cancer cases as well as race and ethnicity. Not accounting for
interventions undergone by family members may lead to misleading mutation
carrier probabilities [32]. BRCAPRO addresses this issue by incorporating family
members who have undergone mastectomy, including male mastectomy, bilateral
mastectomy, and/or oophorectomy [31]. BRCAPRO has been found to be highly
sensitive [33], and its application has been shown to predict breast cancer risk in
high-risk populations. Estimation of breast and ovarian cancer risks by BRCAPRO
and subsequent genetic testing have led to prophylactic oophorectomy in 89.5%
and prophylactic mastectomy in 11.1% of Jewish BRCAI/2 mutation carriers, in
addition to reducing the risks of breast and ovarian cancers in this population of
women [34]. BRCAPRO can be accessed for clinical use via its native R imple-
mentation as part of the open-source Bayes Mendel [35] package or via multiple
web-based and commercial software packages [36-39].

BOADICEA Model

The Breast and Ovarian Analysis of Disease Incidence and Carrier Estimation
Algorithm (BOADICEA model) also uses Bayes’ theorem to calculate the risk for
carrying a harmful BRCAI/2 mutation and, unlike other models, addresses a
polygenic component that reflects the multiplicative effects of lower-penetrance
breast cancer susceptibility genes on breast cancer risk [40, 41]. Similar to the
BRCAPRO and Tyrer-Cuzick models, BOADICEA predicts the risk for developing
breast cancer over time [41]. Unlike other models discussed, BOADICEA incor-
porates third-degree family members and accounts for history of prostate and
pancreatic cancers as well as breast and ovarian cancers [42]. Although including
all relatives within a counselee’s pedigree may permit more complete data, it also
increases the risk for recall bias, which may affect the results [40]. The model also
incorporates into its calculations tumor pathology characteristics, such as estrogen
receptor (ER) status, triple-negative status, and expression of basal markers (CK5/6
and CK14), as well as updated breast cancer incidence [43]. BOADICEA can be
accessed for clinical use via an online web application (http://ccge.medschl.cam.ac.
uk/boadicea/boadicea-web-application/).

Tyrer-Cuzick Model

The Tyrer-Cuzick (TC) model, also known as the International Breast Cancer Study
(IBIS) Breast Cancer Risk Evaluation Tool, predicts both risk for carrying a
deleterious BRCA1/2 mutation and risk for invasive breast cancer within 10 years.
Hereditary information assessed in this model includes Ashkenazi inheritance and
first- and second-degree relatives with breast cancer and ovarian cancer. Addi-
tionally, it incorporates the age of diagnosis and the presence of bilateral breast
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cancer [44]. Additional non-genetic risk factors include hormonal and pathologic
factors such as age, body mass index (BMI), age at menarche, age at first live birth,
parity, age at menopause, use of hormone replacement therapy, breast biopsies,
hyperplasia, atypical hyperplasia (ductal or lobular), and LCIS [44]. Unlike the
Mpyriad II, BRCAPRO, and BOADICEA models, the Tyrer-Cuzick model does not
account for male breast cancer. Future iterations of this model are being tested and
may incorporate mammographic density adjusted for age and BMI [45-47].

Studies comparing the accuracy of risk calculations performed by the Myriad II,
BRCAPRO, BOADICEA, and Tyrer-Cuzick models have generally found similar
accuracy between the Myriad I, BRCAPRO, and BOADICEA models [48, 49],
although other studies found BOADICEA and BRCAPRO to demonstrate better
accuracy and prediction [42, 50].

Table 1.1 summarizes the risk factors incorporated in the foregoing models.

The medical provider or genetics professional uses the individual’s genetic risk
assessment as the basis for determining whether genetic testing is indicated. After
pre-test counseling, which includes a discussion of the risks, benefits, limitations,
and possible results of genetic testing, a variety of tests may be recommended,
including a test to determine whether there are mutations in the BRCAI and BRCA2
genes. Traditional methods for genetic testing prior to 2006 failed to detect large
rearrangement mutations, which account for 6-10% of all BRCA 1/2 mutations [51].
A more comprehensive test capable of full sequencing to detect large rearrange-
ments in BRCAI and BRCA2 is currently recommended and is supported in the
NCCN guidelines [19].

Multi-gene panel testing is also recognized by the NCCN as an efficient and
cost-effective method to interrogate multiple genes simultaneously. Panel testing is
recommended when more than one gene may explain a heritable cancer syndrome
or when a patient with a suggestive personal or family history has previously tested
negatively. Some would even conjecture that panel testing should be recommended
for everyone having testing. Given the introduction of over 25 breast cancer sus-
ceptibility genes (e.g., p53, PTEN, CDHI, STK11, PALB2, ATM, CHEK?2, BARDI,
NBN, BRIPI, RAD50, and RADS5I), future genetic testing will likely involve
multi-gene panel testing for a number of clinically actionable mutated genes [52,
53]. Limitations to panel testing include the higher likelihood of identifying variants
of unknown significance (VUS) and the lack of uniform guidelines for screening of
mutation carriers of these genes. This is discussed in further detail in Chap. 2.

To estimate the risk going forward, the most comprehensive approach is to use a
risk model such as BRCAPRO. For patients without cancer and having all at-risk
organs intact, the lifetime risk estimation for breast and ovarian cancers is deter-
mined by simply entering the type of mutation and the age of the patient.
The BRCAPRO risk calculations, depicted in Table 1.2, reveal the impact of
risk-reducing surgery, if performed, on age-specific breast and ovarian cancer risk
in BRCAI and BRCA2 mutation carriers. These data may help guide specific rec-
ommendations regarding the use of prophylactic surgery to reduce cancer risk in
mutation carriers.
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Variable Myriad BRCAPRO BOADICEA | Tyrer-Cuzick
1I

Personal information

Body mass index No No No Yes

Age Yes Yes Yes Yes

Hormonal/reproductive factors

Age at menarche No No No Yes

Age at first live birth No No No Yes

Age at menopause No No No Yes

Oral contraceptive use No No No No

Hormone replacement therapy No No No Yes

Breastfeeding No No No No

Personal history of breast disease

Breast biopsies No No No Yes

Atypical ductal hyperplasia No No No Yes

Lobular carcinoma in situ No No No Yes

Family history of breast and/or ovarian cancer

First-degree relatives with breast cancer | Yes Yes Yes Yes

Second-degree relatives with breast Yes Yes Yes Yes

cancer

Third-degree relatives with breast cancer  No No Yes No

Age of onset of breast cancer in a relative = Yes Yes Yes Yes

Ovarian cancer in a relative Yes Yes Yes Yes

Male breast cancer Yes Yes Yes No

Bilateral breast cancer in a relative No Yes Yes Yes

Personal history of risk-reducing surgery

Risk-reducing mastectomy (RRM) No Yes No No

Risk-reducing salpingo-oophorectomy No Yes No No

(RRSO)

RRM and RRSO No Yes No No

If the patient has already had breast or ovarian cancer, recommendations for
follow-up will be determined more by the stage and prognosis of these cancers than
by the mutation status. For the patient with breast cancer, BRCAPRO still provides
the risk for ovarian cancer going forward, which is likely accurate and can be acted
upon based on the prognosis and stage of the breast cancer. BRCAPRO also
produces a breast cancer risk which purports to predict contralateral breast cancer
[54]. This determination should be interpreted with caution, however, as mitigating
circumstances such as the use of tamoxifen may render this prediction less accurate.
Modifications of the model will likely be required before contralateral cancer risk
can be used clinically. On the other hand, a patient with ovarian cancer will obtain a
fairly accurate breast cancer risk going forward, which takes into account the

impact of their oophorectomy.
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Table 1.2 BRCAPRO calculations of lifetime risk for breast and ovarian cancers according to
mutation, age, and risk-reducing surgery

Mutation | Age  Risk-reducing Lifetime breast cancer Lifetime ovarian
surgery risk (%) cancer risk (%)

BRCAI 25 None 63.1 58

65 None 27.9 43.4

25 RRSO 41.2 17.8

65 RRSO 19 10

25 RRM 6.3 58

65 RRM 14 434

25 RRSO and RRM 6.3 17.8

65 RRSO and RRM 14 10
BRCA2 25 None 55.4 30

65 None 26.5 22.7

25 RRSO 33 8.4

65 RRSO 19 5.7

25 RRM 55 30

65 RRM 1.6 22.7

25 RRSO and RRM 5.5 8.4

65 RRSO and RRM 1.6 5.7

Genetic and Non-genetic Modifiers

Great variation exists in the risk for breast cancer arising from genetic and
non-genetic modifiers that impact the penetrance of BRCA genes. Genetic poly-
morphisms known to modify the risk for breast and ovarian cancers in mutation
carriers have been recently explored. Several single nucleotide polymorphisms
(SNPs) have been found in association with increased breast cancer risk for
BRCA1/2 mutation carriers [55-57], while other polymorphisms are associated with
decreased risk [58]. It has been suggested that incorporating validated SNPs will
improve the predictive performance of risk models [59], but further studies are
warranted regarding the clinical impact of SNPs on cancer risk.

Non-genetic modifiers have been extensively discussed but remain controversial.
Age of the mother at first birth, which is associated with a reduction in breast cancer
development in the general population, has not been shown to be protective in
BRCAI mutation carriers [60]. Other hormonal factors, including age at menarche
[61], the effect of pregnancy [62], and the protective effect of breastfeeding in
BRCAI mutation carriers, have also been studied [63, 64]. Use of oral contracep-
tives before age 25 has been shown to increase the risk for early-onset breast cancer
among BRCAI mutation carriers [65], and oophorectomy was found to be
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protective in pre-menopausal breast cancer in BRCA2 carriers [66, 67]. The effects
of weight loss as well as alcohol and caffeine consumption have been investigated
as protective factors for breast cancer among mutation carriers, but the results on
alcohol consumption have been mixed [68-72].

Clinical Decision Support

Although these observations are extremely interesting, they are difficult to imple-
ment clinically without clinical decision support (CDS) [73, 74]. CDS involves the
use of computers and health information technologies designed to improve clinical
decision-making by providing a platform to integrate evidence-based knowledge
and clinical guidelines, to interpret medical data, and to make recommendations and
predictions. The benefits of CDS include enhanced quality of care and outcomes,
decreased adverse events, and improved efficiency.

Conclusion

For physicians who lack sufficient knowledge to perform their own genetic testing,
it is important to refer individuals with increased risk for hereditary breast cancer
for genetic counseling. Genetic counselors are uniquely trained to identify indi-
viduals with mutations in cancer susceptibility genes and to provide cancer risk
assessment. Medical providers, particularly PCPs, are also responsible for identi-
fying and referring individuals deemed appropriate for genetic testing. An accurate
qualitative risk assessment includes a detailed and complete personal and family
history. Quantitative risk assessment involves the use of risk prediction models to
determine the individual’s risk for carrying a deleterious mutation in a breast cancer
susceptibility gene. Clinical guidelines for genetic high-risk assessment, such as
those published by the NCCN, are useful, easily accessible resources that help
direct clinicians through the difficult process of deciding who is appropriate for
genetic testing. The expanding role of genetics in the management of breast cancer,
coupled with rapid advances in genomic sequencing technology, requires health
professionals to obtain critical patient information and to integrate current guide-
lines and evidence-based knowledge with health information technology in order to
identify mutation carriers through risk assessment and genetic testing. Thus, the
need for continuing medical education regarding the emergence of new tests and
technologies cannot be understated. Identifying BRCA1/2 mutation carriers before
they develop cancer is the only sure path to cancer prevention for individuals with
hereditary or familiar risk for breast cancer and is essential to improving survival.
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Hereditary Cancer Risk Assessment

The US Preventative Services Task Force recommends providers perform a risk
assessment in order to identify those who have a personal and/or family history of
cancer that may be associated with a hereditary cancer predisposition. The col-
lection of an accurate, cancer-focused family history is the foundation of this risk
assessment [1-3].

What to Collect

Several physician organizations, including the American Society of Clinical
Oncology (ASCO), have developed standards for the minimum collection
requirements for an adequate family history. At a minimum, these include the
following [4]:
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1. Personal cancer history;

2. Cancer history of first degree relatives, i.e., siblings, parents, and children;

3. Cancer history of second degree relatives, i.e., grandparents, aunts, uncles,
grandchildren, nieces, nephews, and half-siblings;

4. Inclusion of relatives on both the maternal and paternal side; and

5. Inclusion of information on the patient’s ethnicity.

For each individual in the family where a cancer diagnosis is reported by the
patient, it is important to collect the following information [4]:

1. Type of primary cancer;
2. Age at diagnosis of each primary cancer; and
3. Lineage (i.e., is the family member a maternal or paternal relative).

While not included in the minimum collection requirements, providers should
consider asking whether there is a known hereditary cancer predisposition syn-
drome in the family and whether any family members have had genetic testing [4].

An accurate risk assessment is also dependent on family size. It is often just as
important to know how many unaffected relatives there are in the family as there are
individuals with cancer. For example, the risk for a hereditary cancer syndrome in
an individual with a mother and aunt with breast cancer is substantially lower if the
mother also had five sisters who have not developed cancer [1].

When to Collect

Cancer family history is typically collected at the initial visit and/or at the time of a
patient’s cancer diagnosis. However, after a patient has been diagnosed with cancer
and has shared the diagnosis with other family members, conversations regarding
the family history of cancer may occur which may alter the patient’s initial report.
Relatives may be more likely to share stories of other family members who have
had cancer after learning of a recent diagnosis. For this reason, providers should
consider reassessing the family history after the initial stress of a cancer diagnosis
has abated [1].

It is also important to periodically reassess the family history, as cancer history
can change significantly over time. Reassessment should include elicitation of any
new family history information, as well as a determination of whether advances in
genetic testing technology or the discovery of additional genes linked to hereditary
cancer predispositions have occurred since the last evaluation, which may require
re-referral and/or updated testing [4].
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How to Collect

With limited time available, providers may struggle with how to collect adequate
family history information. Some providers prefer to utilize a patient-centered
collection tool prior to the visit. Patients can complete these questionnaires in the
waiting room or at home prior to seeing their provider, and the collected infor-
mation can then be reviewed and expanded upon in the visit. There are a number of
organizations that have developed patient-friendly questionnaires for this purpose,
including the following:

1. Cancer.Net Cancer Family History Questionnaire which is based on ASCO’s
recommendations for a minimum adequate family history [5]: http://www.
cancer.net/sites/cancer.net/files/cancer_family_history_questionnaire.pdf

2. The US Surgeon General’s My Family Health Portrait tool which can be
accessed online or printed out and given to patients [6]: http://www.hhs.gov/
programs/prevention-and-wellness/family-health-history/family-health-portrait-
tool/index.html#

Regardless of whether the provider is reviewing information, the patient has
provided through a questionnaire, or whether they are starting the family history
collection from scratch, setting expectations with the patient prior to collecting or
reviewing the information can be helpful in streamlining the intake of information
[1]. Patients are more likely to provide concise responses if they know what
information the provider is looking for ahead of time.

Limitations

There can be a number of barriers to obtaining an accurate and useful hereditary
cancer risk assessment.

1. Patient Barriers

Patients may have limited or no knowledge of their family history due to:

(a) Adoption or conception through donor eggs/sperm;
(b) Family estrangement; and
(c) Cultural barriers that prevent the discussion of cancer diagnoses.

In these situations, providers should focus on the information that is available
while making note of the barriers that limit the risk assessment [1].

2. Provider Barriers

Obtaining an accurate family history and determining who would benefit from
additional risk assessment and genetic testing can be time consuming. In a world
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where providers are asked to do more with less time, it may be challenging to
collect the necessary information. Utilizing patient questionnaires and tools like the
ones mentioned above may help to reduce the amount of time providers spend on
this task [4].

Guidelines for Further Risk Assessment and Genetic Testing

Many professional organizations have created guidelines outlining when patients
should be referred to a provider with expertise in hereditary cancer genetics for
further risk assessment, as well as when genetic testing should be performed. It is
important to note that the criteria for further risk assessment are not identical to the
criteria for genetic testing. Some patients who are referred for further risk assess-
ment may not meet guidelines for genetic testing but may still be candidates for
increased screening, behavior modifications, or medical interventions due to their
personal and/or family history [2].

In some instances, the a priori risk for a mutation will be high enough based on a
patient’s personal history such that no further family history is needed to warrant
further risk evaluation. This can include the following [7]:

1. Any individual with or without a cancer diagnosis who has a known mutation in
a cancer susceptibility gene within their family;

. Any man with a diagnosis of breast cancer;

. Any woman with ovarian cancer;

. Any woman with breast cancer diagnosed <45 years old; and/or

. Any woman with a triple negative breast cancer diagnosed <60 years old.

[ I SIS S

Individuals of Ashkenazi Jewish descent also have a higher a priori risk due to
the increased frequency of founder mutations in the BRCAI and BRCA2 genes
among this population. Approximately, 1 in 40 (2.5%) of individuals of Ashkenazi
Jewish descent will carry a mutation in BRCAI or BRCA2 versus the approximate
carrier frequency of 1 in 400 (0.25%) in the Western European population [3]. Due
to this increased frequency of mutations within this population, it is recommended
that any individual of Ashkenazi Jewish descent with a diagnosis of breast, ovarian,
or pancreatic cancer, regardless of age or family history, be referred for further risk
assessment [7].

Oftentimes, the decision to refer a patient for further risk evaluation is based on a
combination of personal and/or family history information. However, it is difficult
to convey the myriad possible combinations of personal and family history of
cancer that should prompt a referral to a specialist in cancer genetics for further risk
evaluation. Table 2.1 lists common scenarios for which providers should pursue
referral for risk assessment [7]. Providers may also wish to familiarize themselves
with and utilize the 2015 practice guidelines published by the American College of
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Table 2.1 Common scenarios for which providers should pursue referral for risk assessment [7]

Individuals with a personal history of breast | Individuals without a personal diagnosis

cancer at any age plus any of the following of cancer who have a family history of the

in a first, second, or third degree relative: following in a first, second, or third
degree relative:

At least one relative with breast cancer > Two breast cancers in a single relative
diagnosed <50 years old

At least one relative with invasive ovarian > Two relatives with breast cancer at least
cancer at any age one of whom was diagnosed < 50 years old

> Two relatives with breast cancer at any age A relative with ovarian cancer

> Two relatives with pancreatic cancer at any | A relative with male breast cancer
age

Medical Genetics & Genomics and the National Society of Genetic Counselors [§].
This document was created in an easy-to-read table and is designed to allow pro-
viders to cross-reference a specific type of cancer against the family history nec-
essary to warrant referral.

Provision of Cancer Genetic Counseling and Testing

Over the past 20 years, the field of cancer genetic counseling and testing has grown
exponentially and changed rapidly. Throughout its growth and evolution, there has
been debate about which health care providers should provide these services,
namely, only genetics specialists versus all health care providers regardless of
specialty [9, 10]. Recent decisions by several large insurers to require genetic
counseling by a certified genetics provider prior to cancer genetic testing, as well as
the increasing complexity of the available cancer genetic testing options, have
sparked renewed interest in this debate.

Some argue that all health care providers should provide genetic counseling and
testing services based on the potential benefits of increased access to genetic ser-
vices, cost efficiency, a more holistic approach, and better knowledge of patients’
overall health due to existing long-term relationships [10]. On the other hand, there
is much literature and expert opinion to support the belief that cancer genetic
counseling and testing should ideally be provided by genetics specialists [9].
Specifically, numerous studies have demonstrated that many providers lack the
training in and knowledge of genetics to adequately provide cancer genetic coun-
seling and testing services to their patients [9, 11-13]. This includes data even on
those providers who arguably have the most current genetics education and train-
ing, such as medical residents, and includes key concepts such as associated cancer
risks and inheritance patterns [12]. Many providers also self-report lack of adequate
time as a barrier to providing cancer genetic counseling and testing services [9, 11].
In addition, existing data suggest that many providers are not sufficiently familiar
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with the complex ethical and psychosocial issues that often accompany genetic
counseling and testing, such as genetic discrimination concerns and the existing
laws, concerns and policies regarding testing minors for adult-onset conditions
[9, 14-16].

Although the availability of cancer genetics professionals is increasing and
access to cancer genetics professionals is readily available in many areas, there may
still be locations where these services are not as readily available. In locations
where geography presents concerns regarding adequate access to genetics profes-
sionals, telemedicine genetic counseling services with board certified professionals
are now available and covered by several major insurers. Recent studies suggest
that telemedicine genetic counseling is cost-effective, associated with high patient
satisfaction, and is equally effective as in-person genetic counseling [17, 18].
Ultimately, multidisciplinary teams, increased genetics education for all providers,
self-awareness, close collaborations, and open lines of communication and referral
will likely best serve patients and providers alike. Table 2.2 lists information about
locating in-person- and/or telemedicine-based cancer genetic counseling profes-
sional services [19-22].

Cancer Genetic Counseling and Testing Process

Cancer genetic counseling has been described as a multistep communication process
between a clinician and a patient/family of which the actual genetic testing is only
one component [23]. For some individuals, this process occurs even without actual

Table 2.2 Resources for National Society of Genetic Counselors (NSGC) [19]

locating a genetic counselor http://nsgc.org/page/find-a-gc-search

(19-22] Database of genetic counselors who are members of the NSGC
that is searchable by geographic location and specialty

National Cancer Institute (NCI) Cancer Genetics Services
Directory [20]
https://www.cancer.gov/about-cancer/causes-prevention/
genetics/directory

Directory of professionals who provide services related to
cancer genetics (including genetic counselors)

Informed DNA [21]

http://www.informeddna.com/

Nationwide network of genetic counselors that provides
telephone and Web-based genetic counseling services to
patients and providers that are covered by some major insurers

GeneTests [22]

https://www.genetests.org/

Gene Tests has an international directory of genetics
professionals searchable by location, role, and specialty as well
as an international directory of genetics clinics searchable by
location and keywords


http://nsgc.org/page/find-a-gc-search
https://www.cancer.gov/about-cancer/causes-prevention/genetics/directory
https://www.cancer.gov/about-cancer/causes-prevention/genetics/directory
http://www.informeddna.com/
https://www.genetests.org/
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genetic testing as it may be determined that testing is not warranted, the patient is not
the best candidate for testing in their family, and/or the patient is not interested in
pursuing testing. Some of the essential elements in the cancer genetic counseling and
testing process include the following: intake, risk assessment, pretest counseling and
informed consent, and result disclosure and interpretation [24].

The intake/history component of the genetic counseling process should include
collection of a detailed personal medical history and a 3—4 generation family history
in order to provide accurate risk assessment, differential diagnosis, and develop-
ment of a personalized management plan. The intake should also include an
assessment of the patient’s concerns, motivations, needs, values, and knowledge or
understanding of the pertinent information related to cancer genetics [23, 24]. The
personal history should include any diagnoses of cancer, benign tumors, or unusual
findings that may be relevant to risk assessment (e.g., multiple colon polyps, skin
findings), frequency of cancer surveillance, surgical interventions, environmental
exposures (e.g., tobacco use, occupational exposures), and reproductive information
(e.g., oral contraceptive use, tubal ligation) [24]. An accurate family history is an
essential tool in the hereditary cancer risk assessment and result interpretation. The
3—4 generation family history should include information on both affected and
unaffected individuals, their relationship to the patient, current age or age at death,
the site and age at diagnosis for any cancer diagnoses, ancestry/ethnicity, consan-
guinity, surgical interventions (which may reduce the cancer incidence), any
findings that may be relevant to differential diagnoses under consideration (e.g.,
multiple polyps, unusual skin findings, autism spectrum disorders, benign tumors),
and the results of any prior genetic testing on family members [24]. Information
about family history may be inaccurate and thus, efforts should be made to confirm
family history information with medical records or death certificates when possible
to improve accuracy of risk assessment [24]. Interestingly, cancer type, gender of
historian, education level, family size, and degree of relatedness to affected relative
have all been shown to impact the accuracy of reporting of cancer diagnoses among
relatives [25]. Reporting of results of prior genetic testing on relatives is also often
inaccurate or incomplete and thus should also be confirmed with records.

Based on the personal and family history information collected, a risk assess-
ment and differential diagnosis should be generated. In general, the risk assessment
should distinguish between individuals at: high risk (personal and/or family history
consistent with a highly penetrant hereditary cancer syndrome), moderately
increased risk (history consistent with either a multifactorial cause or a low- to
moderate-penetrance mutation), and average risk [23, 24]. The risk assessment,
differential diagnosis, ideal testing strategy, and available testing options should be
discussed with the patient.

Whom to Test

In order to obtain the most accurate interpretation of genetic test results, it is
preferable to start genetic testing with an individual in the family who is most likely
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to carry a mutation. This may not always be the individual who presents for the
initial risk assessment. Beginning genetic testing in an individual who has had a
cancer diagnosis most closely related to the hereditary cancer syndrome in question
(i.e., breast or ovarian cancer in BRCAI and BRCA?2) is likely to yield the most
informative results for the family. If there are multiple relatives in a family with an
associated cancer diagnosis who are available for testing, priority could be given to
those with bilateral disease, multiple primary cancers, or the youngest age at
diagnosis [25].

In some instances, there will not be an affected individual available for testing, or
the results of an affected relatives genetic testing may be inaccessible, due to death,
estrangement, or a refusal to pursue testing. In these situations, testing an individual
without a cancer diagnosis may be appropriate but the limitations of a negative
genetic test result should be clearly reviewed.

When there is significant suspicion for a hereditary cancer predisposition in a
family, a negative genetic test results in an unaffected individual could be explained
in two ways:

1. There is a mutation in a hereditary cancer gene in the family which the patient
did not inherit. In this instance, the patient’s risk to develop cancer would be the
same as an individual in the general population; or,

2. There is no currently identifiable mutation in a hereditary cancer gene in the
family. In this instance, the patient’s risk to develop cancer would still be
considered elevated above the general population risk, and screening and pre-
vention decisions would be based on the family history.

Given that it is not possible to distinguish between these two explanations when
the only genetic testing that has been completed in a family was in an individual
without a cancer diagnosis, providers should err on the side of caution and follow
their patients based on family history despite their negative genetic test results.

In general, a detailed informed consent process should accompany any genetic
testing and in some states informed consent is required by law [24]. The informed
consent process should include a discussion of the genes being testing, the possible
test results [positive, negative, variant of uncertain significance (VUS)], how results
may impact the individual’s cancer risks and medical management options, how
results may impact family members’ risks, ethical/legal/psychosocial aspects (e.g.,
discrimination issues and protections, family issues), economic considerations (e.g.,
potential costs and coverage), and a review of the benefits, risks, limitations, and
alternatives to genetic testing [24]. For patients who choose not to proceed with
testing, recommendations for cancer screening, and prevention based on personal
and family history alone should be reviewed as well as recommendations for
genetic counseling and testing for other relatives, if applicable [24].

Disclosure of the results of any genetic testing, regardless of the test result
(positive, negative, or VUS), should be accompanied by a thorough discussion
including the following: a personalized interpretation of the results in the context of
the individual’s personal and family history, revised cancer risk assessment,
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medical management guidelines/recommendations, identification of at-risk relatives
and/or other relatives who may benefit from genetic counseling and testing, and
tools to assist the patient in informing family members (e.g., family letter, online
resources, referrals to genetics providers) [24].

Hereditary Breast and Ovarian Cancer Testing Options

The intersection of the introduction of mainstream use of next-generation
sequencing technology and the Supreme Court ruling overturning gene patenting
in 2013 has led to exponential growth of the available testing options and laboratory
choices for hereditary breast cancer testing [26, 27]. In addition, these develop-
ments have also led to increased availability of low-cost testing options, with
out-of-pocket costs ranging in several hundred dollars, rather than several thousand
dollars. There are now more than 10 laboratories offering BRCAI and BRCA2
testing as a targeted test or as part of one of the dozens of multi-gene panel test
options, ranging from 6 to 100+ genes. These developments mean that broader
genetic testing options for BRCAI and BRCA2 and other hereditary cancer genes
are available to clinicians and patients, and that testing is likely to be accessible and
affordable for more patients even if they lack insurance coverage for testing.
However, it also means that navigating the available choices can be complicated,
particularly in the context of aggressive marketing efforts by the commercial testing
laboratories who are trying to secure business in a competitive marketplace. In the
face of this multitude of laboratory and testing choices, there are a number of
aspects to consider when choosing a laboratory and test. These include quality,
methods, data sharing, cost, insurance verification process, genes included in
available panels, variant classification, variant analysis and reporting process, and
family studies programs for variants [28, 29].

Multi-gene panel tests offer the advantage of cost- and time-efficient testing for
multiple genes. Several studies have now demonstrated that multi-gene panel
testing does provide additional diagnostic yield compared to a syndrome-specific
gene testing approach, with an absolute additional yield of identification of a
deleterious mutation in ~4-16% of individuals, meaning that this approach to
testing may identify the causative mutation in additional individuals/families [26,
30, 31]. At least one of these studies also demonstrated that this additional yield of
mutations changed the management for the patient and/or close relatives in many
cases [31]. However, the benefits of multi-gene panel testing over
syndrome-specific gene testing must be balanced by the limitations, particularly
several layers of complexity and uncertainty that can come with this testing [26,
29]. One important layer of complexity is that multi-gene panel testing is currently
associated with a high rate of identification of variants of uncertain significance,
ranging from 28 to 40% [27, 30, 31]. These variants often can be misinterpreted by
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providers and patients as clinically relevant (i.e., potentially associated with high
cancer risks), when typically these variants are later reclassified as normal, benign
variants [29, 32]. Thus, this can be an important source of unnecessary worry,
anxiety, and, most critically, unnecessary medical interventions, including invasive
“prophylactic” surgeries [29, 32].

Another layer of uncertainty that arises frequently with the advent of multi-gene
panel testing is the identification of deleterious mutations in genes where the
clinical implications are less clear [29]. Many gene panels include more newly
described, “moderate-penetrance” genes for which data are often more limited
regarding the exact cancer risks, range of associated cancers, and appropriate
management recommendations [29]. Thus, determining how to use this information
can be challenging for patients and providers alike. Identification of a mutation in a
more newly described or lower penetrance gene may also pose other result inter-
pretation and/or medical management challenges for providers, patients, and family
members as it is not always clear if the identified mutation completely explains the
personal and/or family history that prompted testing. This leads to difficulties in
making decisions about whether or not to test other relatives, interpreting
“true negative” test results, and determining residual risks and appropriate
management [26].

An additional challenge posed by multi-gene panel testing is the possibility of an
unexpected mutation in high-penetrance gene that is not consistent with the known
history that prompted testing [26]. These unexpected results again can be chal-
lenging to interpret in terms of advising patients and their family members
regarding expected cancer risks and appropriate management, as there is very little
data at this time regarding whether the presentation, severity, and risks will be
different in families where mutation is an “incidental finding” and thus, whether
management should be based on genotype alone, phenotype alone, or some com-
bination of the two.

A sometimes less recognized or appreciated but important challenge of current
cancer genetic testing choices is that the classification of a given variant can differ
from one laboratory to the next, with different laboratories classifying the same
genetic change or variant as a variant of uncertain significance, a likely pathogenic
variant, or a pathogenic variant (mutation) [27]. These discrepancies can occur
based on conflicting interpretations of available data.

For all of these reasons, testing should be ideally offered in the context of care by
professionals with genetics expertise [26, 27, 29, 33]. In addition, determination of
the most appropriate testing options should be made by the clinician based on the
patient’s clinical and family history. When a choice between more limited
syndrome-specific testing and broader multi-gene panel testing is reasonable, the
clinician should help the patient make an informed choice based on a discussion of
the benefits and limitations of the available options and the patient’s values and
preferences [29].
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Hereditary Breast and/or Ovarian Cancer Genes Frequently
Included in Multi-gene Panels

The focus of this volume is the management of individuals with BRCA mutations,
as BRCAI and BRCA2 are the most common genes associated with hereditary
breast and/or ovarian cancer. However, any current discussion of hereditary breast
and ovarian cancer would not be complete without mention of other rare
high-penetrance genes and moderate-penetrance genes that are now included in
many routine clinical genetic testing options for hereditary breast and ovarian
cancer. In addition to BRCAI and BRCA2, there are several rare hereditary cancer
syndromes that place individuals at high risk of developing breast cancer including
the following: Li-Fraumeni Syndrome, Cowden Syndrome, Peutz-Jeghers Syn-
drome, and hereditary diffuse gastric cancer.

Li-Fraumeni Syndrome (LFS) is caused by mutations in the TP53 gene and is
associated with a diverse range of cancers [34]. The lifetime risk of developing
cancer with a TP53 mutation is ~90% and individuals are at high risk to develop
multiple primary cancers [34, 35]. The core cancers associated with LFS are soft
tissue sarcomas, osteosarcomas, brain tumors, very early-onset breast cancer, and
adrenal cortical carcinoma. However, individuals with LFS can develop a wide
range of cancers. LFS is a rare hereditary cancer syndrome with an estimated
prevalence of ~ 1/5000-1/20,000 and accounts for ~ 1% or less of breast cancer
cases [34, 35]. However, breast cancer is the most frequent cancer among female
carriers of TP53 mutations and in many cases breast cancer occurs before age 30
[34].

Cowden Syndrome is a rare hereditary cancer syndrome (prevalence of
~1/200,000-1/250,000) caused by mutations in the PTEN gene [33, 36]. PTEN
hamartoma tumor syndrome refers to a broader range of syndromes, including
Cowden Syndrome and Bananayan-Riley-Ruvalcaba syndrome, that can be asso-
ciated with PTEN mutations. Cowden Syndrome/PTEN hamartoma tumor syn-
drome is associated with multiple hamartomas and a high risk of benign and
cancerous tumors in a variety of tissues including the breast, thyroid, and endo-
metrium [35, 36]. The lifetime risk of breast cancer associated with PTEN muta-
tions is ~25-50% by most estimates, although a few studies report higher risks, as
high as ~75-85% [36, 37]. PTEN hamartoma tumor syndrome is also associated
with a wide range of features including unusual mucocutaneous features (oral
papillomas, trichilemmomas, penile freckling), macrocephaly, developmental
delay, autism spectrum disorders, multiple gastrointestinal polyps (including
hamartomas and ganglioneuromas), and vascular malformations [36, 38].

Peutz-Jeghers Syndrome (PJS) is caused by mutations in the STKI1 (or LKBI)
gene and is a rare autosomal dominant hereditary cancer syndrome (prevalence
estimates of ~ 1/25,000-1/280,000) [39]. PJS is associated with mucocutaneous
hyperpigmentation (melanocytic macules on buccal mucosa, lips, nostrils, fingers)
and multiple hamartomatous gastrointestinal polyps (especially in the small intes-
tine) often resulting in symptoms (e.g., intussusception, obstruction, gastrointestinal
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bleeding) [39]. The lifetime cancer risk associated with PJS is ~50-85%, with the
highest risks being for colorectal and breast cancers, but risks for stomach, small
intestine, pancreatic, gynecologic, testicular, and lung cancers are also increased
[39, 40]. Women with PJS have a lifetime risk of breast cancer of ~32-54% and
are at increased risk for ovarian sex cord tumors with annular tubules (SCTATS)
and adenoma malignum of the cervix [33, 39].

Hereditary diffuse gastric cancer is associated with mutations in the E-cadherin
(CDHI) gene. Individuals with a germline CDHI mutation have a ~65-85%
lifetime risk of developing diffuse gastric cancer with an average age of diagnosis of
40 years old [35, 41, 42]. Women who carry a CDHI mutation have a ~40-54%
lifetime risk of developing breast cancer, primarily of the lobular subtype [35, 41,
42]. Mutations in the CDHI gene are thought to be rare with prevalence of
<0.1/100,000.

Over recent years, other genes associated with hereditary breast and/or ovarian
cancer, most of which are currently considered “moderate-penetrance” genes, have
been identified and are now included on many multi-gene hereditary cancer testing
panels. The distinction between “moderate” and “high” risk is somewhat arbitrary
as the lifetime risk ranges for several “moderate” risk genes overlap with “high”
risk genes [43]. However, current data suggest that the risks associated with some
of these genes may vary significantly based on specific mutation and/or family
history [43]. These “moderate-penetrance” genes have mainly been identified by
searching for mutations in genes that share some functionality with BRCAI and
BRCA?2 either by directly interacting with the BRCA proteins and/or being involved
in the Fanconi anemia pathway which is involved in double strand DNA break
repair and homologous recombination. Their association with hereditary breast
and/or ovarian cancers has been strengthened by the identification of mutations in
these genes in individuals and/or families whose history was suspicious for
hereditary breast and/or ovarian cancer and had negative BRCAI/2 testing. These
genes and current information about the associated cancer risks are listed in
Table 2.3 [27, 34-50].

Table 2.3 Associated cancer risks of high- and moderate-penetrance genes [27, 34-50]
Gene(s)  Breast cancer lifetime ' Ovarian cancer Other associated cancers/features
risk lifetime risk

High-penetrance genes
BRCAI  55-87% 15-60% Prostate

Male breast

Pancreas
BRCA2  45-82% 15-40% Prostate

Male breast

Pancreas

Melanoma

(continued)
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Table 2.3 (continued)

Gene(s) @ Breast cancer lifetime
risk

CDH1 39-53% (particularly
lobular)

PTEN ~25-50% by most
estimates (some higher
estimates)

STKI11  32-54%

TP53 Significantly

increased, may be as
high as 79%

Moderate-penetrance genes

ATM 17-52%

BARDI1  Increased

BRIP1 Possibly increased/
insufficient and
conflicting data

CHEK2 18-40%

MREI1IA Possibly increased/
insufficient data

NBN Increased (may be as

high as ~30%)

Ovarian cancer
lifetime risk

No known increase

No known increase

18-21% (mainly sex
cord stromal)

Unknown/not well
defined

No known increase

Unknown/ insufficient
data

Increased (up to
~10-13%)

No known increase

Unknown/ insufficient
data

No known increase

27

Other associated cancers/features

Diffuse gastric (55-85%)
Possibly colon

Thyroid, endometrial, renal, and
possibly colorectal cancer

Benign breast and thyroid disease
Uterine fibroid tumors

Skin findings (oral papillomas,
facial trichilemmomas)

Macrocephaly
Developmental delay
Autism spectrum disorders

Multiple GI polyps (including
hamartomas and ganglioneuromas)

Vascular malformations

Colorectal, gastric, pancreatic,
uterine, small intestine, testicular,
and lung cancers

Multiple hamartomatous GI polyps
mucocutaneous hyperpigmentation

Sarcoma, brain, adrenal cortical
carcinoma, leukemia, lung, and
other cancers

Childhood onset cancers
Multiple primary cancers

Possibly pancreas and prostate, but
limited data

None known

None known

Possibly colon, melanoma, male
breast, and others (prostate, kidney,
thyroid)

None known

None known

(continued)
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Table 2.3 (continued)

Gene(s) | Breast cancer lifetime = Ovarian cancer Other associated cancers/features
risk lifetime risk

NF1I Increased/not well No known increase Neurofibromas
defined (may be as Multiple café-au-lait spots

high as ~26%) Axillary and inguinal freckling

Optic nerve and CNS gliomas
Malignant peripheral nerve sheath

tumors
GIST
PALB2  30-58% Unknown/insufficient = Possibly pancreas and male breast
data
RAD50 | Possibly increased/ Unknown/insufficient = None known
insufficient data data
RADS51C Unknown/insufficient | Increased/not well None known
data defined (may be
~6-7%)
RAD51D  Unknown/insufficient  Increased/not well None known
data defined (may be
~T-14%)
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Ellen Warner

Introduction

Risk-reducing mastectomy is highly effective for preventing breast cancer (BC) and
can now be accompanied by a number of cosmetically excellent reconstruction
procedures. Nevertheless, many BRCA mutation carriers decline this option even
after a BC diagnosis. Other women choose to postpone preventive surgery until a
specific milestone is achieved, such as finding a partner or completing childbearing
and breastfeeding. Another group of women who require highly sensitive breast
screening are the first-degree relatives of known BRCA mutation carriers who
decline genetic testing. For all these groups, an effective breast screening regimen is
essential. Although breast screening technically refers to women without any his-
tory of breast problems (unaffected women) and breast surveillance to women with
a previous premalignant breast lesion or malignancy, the term surveillance has also
often been used for unaffected women known to be at higher-than-average risk. For
simplicity, the term screening will be used in this chapter to refer to the early
detection of cancer in both unaffected and previously affected BRCA mutation
carriers.

While multiple studies have looked at breast screening for BRCA mutation
carriers, there is a paucity of data on ovarian screening. The limited data we have on
this subject will be summarized at the end of the chapter.
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Table 3.1 Recent breast screening guidelines for BRCA mutation carriers [3, 14, 27, 30]

Group Year Country Annual Annual MRI CBE BSE
mammography
NCCN [3] 2016 US Age 30-75 Age 25-75 Q6-12 months | —
age 25+

NICE [27] 2013 UK Age 40-69° Age 30-49 - -
Consider for Age 50-69 if
age 30-39 dense breasts

ESMO [30] 2011 Europe | Age 25-30+ Age 25-30+ Q6 months age Age
25-30+ 25-30+

OBSP high 2011 Canada Age 30-74 Age 30-69 - -
risk [14]
CBE clinical breast examination; BSE monthly breast self-examination

OBSP Ontario breast screening program
“Age 70+ revert to population screening guidelines

Breast Screening
Starting Age

The great majority of guidelines currently recommend that screening mammography
for the general population begin sometime between ages 45 and 50. These women
have an annual incidence of breast cancer between 0.1 and 0.2% [1]. It would,
therefore, be reasonable to begin screening BRCA mutation carriers when their
annual risk is similar. That age is somewhere between 25 and 30 [2], which is when
most guidelines recommend that screening begin (see Table 3.1). Some groups have
advocated ‘breast awareness’ as early as age 18-20 [3]. While this may be reassuring
to anxious physicians and parents, there is no available evidence that it is effective.

What Screening Modalities Should Be Used?

Screening a large, relatively low-risk population for disease can only be
cost-effective if the screening regimen has high specificity, since the overwhelming
majority of people screened will be disease-free, and even small drops in specificity
will translate into a very large number of additional false positives. However, when
screening a small, high-risk population such as BRCA mutation carriers, the most
important performance characteristic is sensitivity. One would certainly not expect
mammography alone to have adequate sensitivity to screen mutation carriers under
age 50, given its fairly low sensitivity in women aged 40—49 in the general pop-
ulation (and likely even poorer performance in women under age 40) [4]. Indeed, in
case series of screening mammography with or without clinical breast examination
for BRCA mutation carriers, the interval cancer rate ranged from 35 to 50%, few
cases of DCIS were detected, 40-78% of the invasive cancers were greater than
1 cm in size, and 20-56% had lymph node involvement [5-8].
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Unlike mammography, which relies on anatomic density, distortions, and sec-
ondary byproducts of malignancy (calcifications), contrast-enhanced magnetic
resonance imaging (MRI) provides insight into tissue functionality by creating a
‘blood flow map’ detecting tumor neovascularity and peritumoral inflammation,
rendering its sensitivity relatively independent of breast density and higher than that
of any other breast imaging modality [9]. Approximately 50% of invasive cancers
demonstrate a classic MRI pattern of early contrast enhancement and early washout,
because the contrast agent accumulates faster and washes out faster from the more
vascular tumor than from the normal or benign tissues. Certain morphologic fea-
tures are also typical of malignancy including spiculated or irregular lesion margins
and increased enhancement of the lesion’s periphery. Absence of enhancement
correlates well with absence of invasive breast cancer with a negative predictive
value of over 95% [10].

Accordingly, multiple non-randomized observational studies were started in the
mid- to late 1990s in which BRCA mutation carriers were screened annually with
both MRI and mammography concurrently and the performance of each imaging
modality evaluated. A meta-analysis of the results of these studies [11] found that
the sensitivity of mammography ranged from 25 to 59% with a pooled sensitivity of
39% (95% CI 37-41), while MRI had a sensitivity of 68—100% with a pooled
sensitivity of 77% (95% CI 70-84). The two modalities were complementary as the
sensitivity of the combination was 94% (95% CI 90-97). Most importantly, the
majority of cancers detected in these studies were either non-invasive or very early
invasive cancers with a node-positive rate of 12-26%. Based on these results,
annual MRI has now been incorporated into all recent screening guidelines for
mutation carriers (Table 3.1). A dedicated breast coil, capacity for MRI-directed
biopsies, and radiologists experienced in reading breast MRI must all be available
for a center to be able to offer reliable screening MRI. It has been suggested that
high-risk screening centers should offer at least 150 screening breast MRI exami-
nations per year and perform at least 10 MRI-guided breast biopsies [12].

The biggest drawback of MRI, besides its high cost, is its low specificity. The
overall reported false-positive recall rate for MRI in the above meta-analysis
averaged over all rounds of screening was 13.7% (95% CI 8.3—19.1%), compared
to 5.3% (95% CI 3.5-7.0%) for mammography. However, the false-positive biopsy
rate of MRI was only 3.9% (95% CI 2.6-5.2) compared to 1.5% (95% CI 0.8-2.2)
for mammography [11]. Recall and biopsy rates were generally substantially higher
in the first year of screening in the absence of a previous MRI study for comparison,
dropping by approximately one-third on subsequent rounds of screening [13].
These rates also tended to be higher in North American centers than in Europe [11].

Screening MRI does have additional drawbacks. The need to perform the test
during the second week of the menstrual cycle to optimize sensitivity and speci-
ficity makes it logistically difficult to schedule the test too far in advance for the
great number of women who have irregular cycles. This may be particularly
annoying for women who have to travel a considerable distance to get to a
screening center. The need for an intravenous line to inject the gadolinium-based
contrast agent is another disadvantage. Approximately 5-10% of women get so



34 E. Warner

claustrophobic lying prone in the magnet that they require mild sedation. Usually 1
to 2 mg of lorazepam before the procedure suffices. There are also contraindications
to MRI such as indwelling metal devices and renal failure.

One question that has arisen from the formal observational studies of MRI
screening, that were generally done at large academic centers, is whether the sen-
sitivity and specificity of MRI would be comparable when performed in the
community setting. The Ontario High-Risk Breast Screening Program is a
population-based screening program for high-risk women (known mutation carriers
or calculated lifetime breast cancer risk of 25% or higher) that was established in
2011 and is currently available at 28 centers across Canada [14]. The program offers
annual MRI and mammography from ages 30 to 69. In the first round of screening,
35 cancers were detected in 2150 women with 71% of the cancers diagnosed in
known mutation carriers. No cancer was detected by mammography alone, but 66%
were detected by MRI alone. Specificity of MRI was 82%, which compares
favorably to reports in the North American observational studies [13, 15].

Several screening studies of annual MRI plus mammography for very high-risk
women also included screening ultrasound [13, 15-19] and/or clinical breast
examination [13, 15, 18-20]. Neither modality was found to add significantly to the
cancer detection rate of MRI plus mammography, but each additional modality did
increase the number of false positives [21]. Nonetheless, because screening ultra-
sound can detect a significant proportion of cancers missed by mammography, it
should be performed annually in place of MRI for women who are unable to access
or tolerate MRI (even with sedation) or for whom MRI is contraindicated [22]. In
one study of women at moderately increased risk, 18.5% (95% CI 16.4-20.8%)
were unable to tolerate MRI because of claustrophobia, a metallic implant (e.g.,
pacemaker, aneurysm clip), impaired renal function, gadolinium intolerance, or
other reasons [23]. On the other hand, in the Ontario High-Risk Breast Screening
Program, 94.2% of 2359 eligible women had at least one screening MRI [14]. It is
likely that higher-risk women are motivated to put up with the discomfort and/or
fear of MRI. Among the 50 women who underwent ultrasound instead of MRI, the
false-positive ultrasound recall rate was 6% and one invasive mammographically
occult cancer was diagnosed by ultrasound alone.

Although ultrasound has a very limited role as a screening modality if MRI is
being done, it is the most important modality for the investigation of mass lesions
detected by screening MRI. This topic has been extensively reviewed by Leung
[24]. Because MRI is performed with the patient prone and the breast hanging,
while ultrasound is performed with the patient in the supine, oblique, or lateral
decubitus positions, localizing the MRI lesion may be challenging. Lesion size may
also vary by up to 20%. Approximately two-thirds of MRI-detected lesions will be
visible on ultrasound, which may be able to give a definitive diagnosis of a benign
lesion such as a cyst or fibroadenoma without the need for biopsy. While larger
lesions are more likely to have an ultrasound correlate, the single most important
predictor of identification of an ultrasound correlate is lesion type, with an ultra-
sound correlate significantly more likely for masses, including small foci, than for
non-mass enhancement. Biopsies, when necessary, are also most easily done by



3 Imaging Screening and Surveillance 35

ultrasound if the lesion is visible sonographically. Most investigators have reported
a higher rate of malignancy for lesions with a non-benign sonographic correlate
than for those that are sonographically occult, but suspicious lesions visualized only
on MRI must be biopsied under MRI guidance. Centers that lack the capability of
performing MRI-guided biopsies should not offer breast screening MRI as the
major benefit of MRI is its ability to detect non-calcified DCIS and tiny invasive
lesions not visible with other modalities.

There is no role for screening with any imaging modality in asymptomatic
women who have undergone risk-reducing mastectomy.

At What Age Can MRI Be Stopped?

One might think that MRI would be necessary for women only up until age 50, the
age from which mammography performs quite well in the general population.
However, in formal observational studies, the incremental benefit of MRI over
mammography in terms of disease detection was at least as great for mutation
carriers over age 50 as it was for the younger women [25]. The finding that the
benefit of MRI is not confined to younger women with generally greater breast
density is supported by our finding in the Toronto study that, although the per-
formance of screening mammography was better in BRCA mutation carriers with
fatty breasts than in those with dense breasts, mammography still missed 50% of
the cancers in women with breasts not considered to be dense [26]. This makes it
difficult to understand the rationale of the NICE guidelines [27] for not continuing
MRI after age 50 for women who do not have dense breasts (Table 3.1).

As none of the screening studies that included women over age 50 had a sig-
nificant number of participants above age 60, it is impossible to know precisely
when MRI can be safely discontinued beyond that age. Since the sensitivity of
mammography improves with age [28], while the growth rate of BRCA-related
cancers slows with age [29], and breast screening has not demonstrated a mortality
benefit in women over age 69 in the general population, it might be reasonable to
discontinue MRI after age 70. This is the current practice in the Ontario High-Risk
Breast Screening Program [14], while the NCCN continues MRI until age 75 [3]
and ESMO does not specify a cutoff age [30].

Screening Interval

In the observational screening studies, all imaging was performed annually with
each modality done either the same day or within a very short time frame. Since the
combination of concurrent annual MRI and mammography fails to reach a sensi-
tivity of 100%, it has been suggested that the interval cancer rate might be reduced
if screening was performed in a staggered manner, i.e., with mammography and
MRI alternating every six months. Although this is the practice in many centers
[10] and may be reassuring to patients and physicians, there is no evidence to date
that this approach is more effective than concurrent imaging.
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Because in many studies the interval cancer rate was highest in BRCAI mutation
carriers under age 50 [13, 31-33], the suggestion has been made that MRI should
be done every 6 months in this population [32]. This approach has not been offi-
cially recommended by any group, and its superiority has yet to be documented.

A corollary of the above is that, with the known age-related slowing in the
growth rate of BRCA-related breast cancers with age [29], it might be safe to per-
form MRI less frequently in women over age 60, particularly for BRCA2 mutation
carriers whose cancers tend to remain in situ for a longer period of time. This
approach has yet to be tested, but would not be unreasonable in a setting with
limited resources. What does seem clear, however, is that in the absence of MRI,
screening mammography must be continued on an annual basis. In a case—control
study, BRCA mutation carriers aged 60 and older who underwent biennial screening
mammography in the Netherlands, as per their national guidelines, had twice the
interval cancer rate and were 2.5 times as likely to have unfavorable breast cancer
histology as mutation carriers who received annual mammography. Too few
women had annual MRI for the authors to analyze that group separately [34].

Role of Mammography

Given the very high sensitivity of MRI and the limited sensitivity of mammogra-
phy, particularly for young BRCAI mutation carriers, the role of screening mam-
mography has been questioned. This is compounded by worry about the cumulative
effect of annual breast irradiation started at a very young age, particularly for BRCA
mutation carriers who may be even more susceptible to the carcinogenic effects of
radiation because of reduced ability to repair DNA. In the GENE-RAD-RISK study
which evaluated 1993 female BRCA mutation carriers, exposure to diagnostic
radiation before the age of 30 was associated with an increased risk of breast cancer
with a dose—response relationship (HR 1.9, 95% CI 1.2-3.0). Exposure to mam-
mography before the age of 30 also increased the risk of breast cancer independent
of family history [35].

The counter-arguments from radiologists for continuing to screen young women
with mammography have been that:

1. Mammography is still the only breast screening modality that has been shown to
reduce breast cancer mortality in randomized controlled trials. There has never
been a randomized trial of MRI screening with mortality as an endpoint, and
such a trial would no longer be considered ethical.

2. Mammography done concurrently with MRI helps with interpretation of the MR
images.

3. Mammography may detect lesions such as low-grade DCIS that are not seen on
MRL

In a retrospective study of all BRCAI mutation carriers who developed breast
cancer while on surveillance with annual MRI and mammography at one of three
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centers in the Netherlands, subsequent to the introduction of digital mammography
at those centers, 82 invasive cancers and 12 cases of DCIS were found. MRI
detected 88 of the 94 cancers (sensitivity 95.7%), but mammography detected only
48 cancers (sensitivity 51%). Mammography alone detected 2 of the cases of DCIS,
both of which were in patients 50 years of age or older. Based on these results, the
investigators concluded that annual MRI should be the only screening modality for
BRCAI mutation carriers between the ages of 25 and 39 [36]. Similarly, in the
Italian HIBCRIT-1 screening study, mammography did not significantly improve
the receiver operating characteristics (ROC) analysis when added to MRI in either
BRCAI or BRCA2 mutation carriers [16]. Accordingly, the authors recommended
that MRI should be the only annual imaging screening test for high-risk women
outside a clinical trial [37]. However, this recommendation has not been accepted in
North America to date. A randomized trial is currently underway in Italy comparing
MRI alone versus MRI plus ultrasound up to age 35 and MRI plus ultrasound and
mammography after age 35 [37].

Long-Term Outcome of Screen-Detected Cancers

As MRI screening trials for BRCA mutation carriers only began in the late 1990s, to
date none of these trials has reported long-term survival data. In interpreting the
data, it is important to distinguish ‘prevalent cancers,” which are those diagnosed on
the first round of screening and are more likely to be more advanced and at higher
risk for recurrence, from ‘incident cancers,” which are cancers diagnosed on sub-
sequent screens.

Reported survival data are summarized in Table 3.2. In the MRISC study [38]
distant recurrences occurred in 10% of the BRCA mutation carriers at a median
follow-up of 9 years, with no difference between BRCAI and BRCAZ2 mutation
carriers. No distinction was made by the authors between prevalent and incident
cancers. In the Toronto study [39], at a median follow-up of over 8 years, only one
of 41 mutation carriers had developed metastatic disease from a prevalent cancer. In
the combined UK MARIBS and NICE studies [40] in which 45 breast cancers were
detected, only 2 deaths (both in BRCAI mutation carriers with tumors 3 cm or
greater in size) were observed. The percentage of women who had developed
metastatic disease, and whether the deaths were related to prevalent or incident
cancers, was not stated. In contrast to these encouraging results, the Norwegian
group reported 10 deaths at a median follow-up of 4.2 years in 68 BRCAI mutation
carriers for an estimated 5-year breast cancer-specific survival of only 75% (95% CI
56-86%) and 10-year survival of 69% (95% CI 48-83%). The 10-year survival was
67% for women with prevalent cancers versus 76% for women with incident
cancers and 62% for women diagnosed between ages 35 and 49 versus 81% for
women diagnosed at age 50 or older. Of the women who died, two had prevalent
cancers, six had incident cancers, and two had interval cancers [41]. There are
several possible explanations for these disappointing results. The sensitivity of MRI
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may have been lower than in other studies as the interval cancer rate was higher at
12%. Also, facilities were not in place to perform MRI-guided biopsies. Although
the authors claimed that all suspicious lesions were biopsied, scans with areas of
non-mass enhancement may have been ignored due to the low likelihood of being
able to image such lesions with other modalities. This may explain the low rate of
DCIS detection (7% of all cancers).

Given the frequency of metastatic breast cancer recurrences 15 or more years after
diagnosis, particularly in the case of estrogen receptor-positive tumors, as well as the
relatively long natural history of metastatic breast cancer, these results likely
underestimate the true recurrence and mortality rates, particularly for the
BRCAZ2 mutation carriers. On the other hand, it is over 15 years since most of these
studies began accrual. In that time, there has been significant improvement in the
technical quality of MRI examinations, in the experience of radiologists with
interpreting MRI, and in breast cancer treatment. Consequently, results of these older
studies could overestimate the risk of cancer recurrence for women being screened
today. For example, in the Toronto study [39], the sensitivity of MRI increased from
74 to 94% (p < 0.0001) between the years 1997-2002 and 2003-2009 with a
concomitant increase in the proportion of women diagnosed with in situ disease.

Knowledge of the long-term outcome of breast screening is essential for two
distinct groups: health-care policy makers and BRCA mutation carriers. For the
former group, the critical question is whether the high cost of screening MRI
translates into a significant survival benefit over screening with mammography
alone or simply provides lead time. In the absence of any randomized controlled
trials of screening with or without MRI, the most accurate answer to this question
can be obtained by comparing matched cohorts of BRCA mutation carriers screened
with mammography, with or without MRI over the same time period. Our Toronto
group compared the breast cancer stage at diagnosis of BRCA mutation carriers
screened with MRI plus mammography in our screening trial, to the stage at
diagnosis of age- and gene-matched mutation carriers, enrolled in Dr. Steven
Narod’s database, who were screened with mammography alone [42]. Patients
screened with MRI were significantly less likely to have large tumors and/or
node-positive disease at diagnosis (1.9% vs. 6.6%, p = 0.02). We assume that this
will ultimately translate into a significant distant recurrence and survival difference,

Table 3.2 Long-term outcomes of MRI-based breast screening [38—41]

Study No. of  Mean/median BRCAI/ Median flu @ % distant | % died
cancers  age at diagnosis BRCA2 | (years) recurrence | breast

cancer

MRISC [38] 51* 44 (26-67) 33/18 9 (0-14) 10 ns

Toronto [39] 41* 46 (32-68) 21/20 8 (2-13) 2 2

MARIBS + 45* ns 24/21 12 (0.3-19) ns 4

NICE [40]

Norway [41] 68" <50 68/0 4 ns 15

“Interval cancers are included
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but follow-up of these 2 cohorts is still too short with too few events to detect
meaningful differences. In the UK studies [40], BRCA mutation carriers who were
screened by MRI had an overall 10-year survival of 95.3% compared to 87.7% for a
matched cohort screened with mammography alone (HR 0.21, p = 0.03).

Probably the most important reason patients choose risk-reducing mastectomy
over breast screening is the concern that screening will fail to detect the cancer at a
curable stage. Thus, from the patients’ point of view, it is essential to know how the
long-term survival of patients getting breast screening is compared to that of
patients undergoing risk-reducing mastectomy. The latter group of patients is still at
some risk for breast cancer and at risk for other cancers. As the ideal randomized
trial will, for obvious reasons, never be done, indirect comparisons are necessary.
A Monte Carlo computer simulation model estimating survival among BRCAI and
BRCA2 mutation carriers undergoing different risk-reducing strategies found that
the combination of risk-reducing mastectomy and risk-reducing salpingo-
oophorectomy at age 30 provided the greatest gains in life expectancy, but that
substituting intensive breast screening for mastectomy would only reduce life
expectancy by a maximum of 1.5 years for BRCAI mutation carriers and 0.7 years
for BRCA2 mutation carriers [43].

Cost-Effectiveness

High-risk screening is expensive. The major cost is the screening MRI examina-
tions themselves, but MRI recalls and MRI-guided biopsies of mammographically
and sonographically occult lesions add significantly to the cost. Some groups have
attempted to estimate the cost-effectiveness of various screening strategies. Such
estimates are clearly limited by the lack of data on the long-term survival of women
with screen-detected cancers and the lack of a concurrent control group screened
with digital mammography alone.

A cost-effectiveness analysis of the UK MARIBS screening study estimated an
additional cost of £11,731 and £15,302 per cancer detected for BRCAI and BRCA2
mutation carriers, respectively, with the addition of MRI to film-screen mam-
mography [44]. Using a decision analytic model based on US costs, Taneja et al.
[45] estimated that the cost per quality-adjusted life year gained by adding MRI to
standard film-screen mammography for a single round of screening was a modest
$25,277, which is well within the $50,000-$100,000 considered to be acceptable.
Plevritis et al. [46] only a few years earlier, using a different model but with similar
costs, estimated that the cost per QALY gained with annual MRI screening from the
ages of 25 to 69 was $88,651 for BRCAI mutation carriers, but $188,034 for
BRCA2 mutation carriers.

Chubiz et al. [47] in another simulation model, compared the costs and benefits
of digital mammography (DM) and MRI alternating at 6-month intervals beginning
at age 25 (Alt 25) versus annual MRI beginning at age 25 alternating with DM
added at age 30 (MRI25/Alt 30) versus DM and MRI alternating at 6-month
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intervals beginning at age 30 (Alt 30) and found the latter strategy had the lowest
cost per QALY for BRCA 1 mutation carriers ($74,200), but a higher cost per QALY
for BRCA2 mutation carriers ($215,700).

Pyschosocial Effects of Screening

There is no doubt that patients undergo some stress around the time of any
screening examination, lasting at least until they receive a report that no evidence of
malignancy was found. In the case of women with BRCA mutations, who are aware
of their very high risk of being diagnosed with cancer, one might expect the level of
stress to be even greater. This is compounded by the claustrophobic nature of the
MRI scanning procedure and by the very high incidence of false-positive tests over
many years of screening.

As part of the UK MARIBS study, the 600+ participants were assessed psy-
chologically with standardized questionnaires at baseline (4 weeks before screen-
ing), immediately before, immediately after, and 6 weeks after the scans. High
levels of satisfaction were reported for both MRI (96.3%) and mammography
(97.7%). Low levels of self-reported distress were reported for both procedures,
though MRI was distressing to more women than mammography (7.8% vs. 3.5%,
p = 0.005). Higher anticipatory anxiety was reported before MRI than before
mammography (p = 0.0003), and MRI-related distress was more likely to persist at
6 weeks after the scans in the form of intrusive MRI-related thoughts (p = 0.006)
and total MRI-related distress (p = 0.014). More women stated that they intended to
return in one year for mammography (96.3%) than for MRI (88%). These effects
were more marked in the first year of screening, but were also statistically signif-
icant in the subsequent years [48].

In the Dutch MRISC study, 334 of 519 high-risk women undergoing screening
were assessed with questionnaires at baseline, on the day of screening, and 4 weeks
after screening. Scores of the study population showed significantly better generic
health-related quality of life (QOL) than age-/sex-matched reference scores from
the general population. Thirty percent of women described mammography as
‘quite’ or ‘very’ painful compared to 0.9% of MRI, but the proportion of partici-
pants experiencing screening-related anxiety (‘quite’ or ‘very’) was higher for MRI
(10.2%) than for mammography (5.2%). Neither QOL nor distress scores changed
significantly over time. Specifically, women who were recalled for additional
diagnostic evaluations did not have a significant change in their scores [49].

Of the 236 women in the Toronto study, 55 completed questionnaires related to
global and breast cancer-specific anxiety and quality of life 1-2 weeks before,
4-6 weeks after, and 6 months after screening. The 18 (32%) women recalled at
some point in time for further imaging had a significant increase in global anxiety
4-6 weeks after the initial screening, but this returned to baseline by 6 months. No
change over time was observed for any of the other psychological measures [50].
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Although the probability of women who are on long-term MRI screening being
recalled for a false-positive result is high, false positives have not been shown to
increase the probability that a woman will undergo risk-reducing mastectomy [51, 52].

Rapid MRI

The high direct and indirect costs of MRI limit clinical access to screening MRIL
One of the factors accounting for this high cost is the long time it takes to acquire
MR images (20—40 min) and to read the hundreds of images that are generated.
Recently, several groups have reported results of abbreviated MRI protocols limited
to the early post-contrast period, followed by standard image reconstruction tools to
allow a rapid overview of the imaging volume. In a recent study of 443 women at
mildly to moderately increased breast cancer risk, the abbreviated protocol (AP)
consisted of a stack of 27-33 axial T1-weighted gradient echo images acquired
once before and repeated immediately after contrast injection. These two image
stacks were subtracted to yield 27-33 individual first post-contrast subtracted
(FAST) images. These fast images were then fused into a single summation image,
the maximum-intensity projection (MIP). Expert radiologists read the MIP first to
search for significant enhancement and then reviewed the AP (consisting of the MIP
and FAST images) and only afterward read the full diagnostic protocol (FDP).
Acquisition time for the AP was 3 min, compared to 17 min for the FDP. Average
reading time was 2.8 s for the MIP and only 28 s for the AP. MIP readings were
positive for 10 of the 11 cancers, and all 11 were detected on the AP. Specificity
and positive predictive value of the AP and FDP protocols were equivalent [53].
Before this rapid protocol can be adopted for BRCA mutation carriers, however, it
needs to be validated in that population as well as in a multicenter trial [54].

Ovarian Screening

Risk-reducing salpingo-oophorectomy is currently recommended for BRCA muta-
tion carriers between ages 35 and 40. This enables most women to complete their
families prior to undergoing the surgery, and for those who have not, egg or embryo
freezing is an increasingly effective option. However, for those women who wish to
delay the surgery or decline it altogether, an effective way to screen for ovarian,
fallopian tube, or primary peritoneal cancer (which for simplicity will simply be
referred to as ‘ovarian cancer’) would be extremely welcome. Unfortunately, there
is much less data on screening for ovarian cancer than there is for breast cancer, and
the available data are far from encouraging.

In a prospective study of 981 BRCA mutation carriers at five European centers
screened with annual serum CA125 and transvaginal ultrasound, 49 epithelial
ovarian cancers were diagnosed, of which 35 (71%) were stage 3 or 4. There was no
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difference in stage distribution between cancers diagnosed at the prevalent round of
screening and those diagnosed at an incident round. Five-year survival was 59%
(95% CI 51-66%) and 10-year survival 36% (95% CI 27-45%), similar to what one
would expect in the absence of screening [55]. Similarly, in a study of 538 BRCA
mutation carriers who underwent annual screening with CA125 and transvaginal
ultrasound at 37 regional centers in the UK, only 2 of the 13 incident cancers were
stage 1 [56]. Between 2007 and 2009, the protocol of the latter study was changed
so that screening was conducted every 4 months. These results are yet to be
reported.

The NCCN guidelines state ‘For those patients who have not elected
risk-reducing salpingo-oophorectomy, while there may be circumstances where
clinicians find screening helpful, data do not support a positive recommendation,
but screening with transvaginal ultrasound may be considered at the clinician’s
discretion starting at age 30-35. Serum CA-125 is an additional ovarian screening
test with caveats similar to transvaginal ultrasound [3].” Interestingly, in a recent
international survey of 22 centers, all but seven centers (from England, Germany,
the Netherlands, Canada, Boston, and the two Australian centers) offered semian-
nual or annual gynecological examination, transvaginal ultrasound, and CA125
measurements for screening BRCA mutation carriers who had not undergone
risk-reducing surgery, generally starting at age 30 or 35. After risk-reducing
salpingo-oophorectomy, only 4 centers offered specific gynecologic surveillance to
detect primary peritoneal cancer [57].

A recently reported randomized study of annual ovarian screening in the general
population, which excluded women with increased hereditary risk, showed some
evidence of a mortality reduction in the group receiving multimodality screening
who had incident cancers [58]. Although the biology of BRCA-related ovarian
cancer likely renders annual screening with any protocol inadequate, this trial may
at least represent ‘proof of principle’ that an effective ovarian cancer screening
regimen may be achievable for all risk groups in the not too distant future. Until
then, BRCA mutation carriers need to understand that no screening regimen can be
assumed to have any efficacy.

Conclusions

Annual breast screening is a very reasonable option for female BRCA mutation
carriers who wish to avoid or delay risk-reducing mastectomy. While experts all
agree on the need for annual MRI from ages 30 to 50, the most cost-effective
screening regimen for specific subgroups based on age, breast density, and mutation
type is yet to be determined. No ovarian cancer screening regimen has demonstrated
efficacy in this population to date.
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Introduction

Over the last few years, tremendous technological advances have led to plummeting
costs and widespread availability of gene sequencing, including multigene panel
testing. These tests include genes of variable cancer penetrance and wide cancer
spectrum. Consequently, interpretation of results and formulation of an appropriate
management plan has become a complex yet critical component of care among
these patients, many of whom have not yet been diagnosed with cancer. Simulta-
neously, increasing social media awareness about genetic testing has led to growth
of genetic risk assessment as part of standard care, resulting in higher numbers of
patients identified with mutations in inherited cancer genes. Still today, the most
common genetic mutations detected arise in the BRCAI and BRCA2 genes which
account for the largest proportion of inherited breast cancer, and yield the highest
risk for development both breast and ovarian cancer. The focus of this chapter will
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be limited to discussion of risk-reducing prophylactic surgery for breast cancer
prevention in BRCA mutation carriers.

Discussion of Risk-Reducing Options

In the context of identifying a BRCA mutation, women and their treating healthcare
provider make many decisions. Even before testing, women must discuss the pros
and cons of testing with their genetic counselor or other healthcare provider to have
a genetic risk assessment through collection of a comprehensive family history and
make an informed decision to choose whether they would like to proceed with
testing. Among women who are tested, those identified to have a BRCA mutation
still have many more decisions to contemplate. Equally important (although not the
focus of this chapter) are those who test negative yet have a striking family history
thus remain at high risk for inherited cancer (often referred to as “uninformative
negative” patients) who must consider many of the same decisions as those iden-
tified with BRCA mutations.

First, women must decide if they even want risk-reducing surgery. Carrying a
genetic mutation is not a guarantee of primary breast cancer development in that
woman’s future. Rather, it is a prediction of risk during one’s lifetime in the range
of 60—70% [1-4]. Risk-reducing mastectomy had been used for decades before the
BRCA gene mutations were identified but the impetus to determine the efficacy of
prophylactic mastectomies has increased. Initial practice guidelines for BRCA
carriers did not make recommendations for or against prophylactic surgeries
because of insufficient evidence [5]. In the following decade, research data accu-
mulated for risk-reducing mastectomy in unaffected women with moderate-to-high
risk for breast cancer including those with BRCA mutations [6]. One such retro-
spective study found that risk-reducing mastectomy decreased the risk of devel-
oping breast cancer by over 90% for high-risk and known BRCA mutation carriers
with a median follow-up of over 13 years [7]. One study found that, for every six
patients treated with a risk-reducing mastectomy, one case of breast cancer could be
averted [8]. Smaller prospective studies of unaffected BRCA mutation carriers
showed risk-reducing mastectomy reduced the incidence of breast cancer by over
90% at a mean follow-up of 3-6 years [9, 10]. The PROSE study group found that
risk-reducing mastectomy reduced the risk of breast cancer in BRCA carriers by
95% in those that had an oophorectomy and 90% in those that had intact ovaries
[10]. A meta-analysis of four prospective studies with a total of 2635 patients
solidified the evidence that BRCA mutation carriers who undergo risk-reducing
mastectomy have a significant reduction in the incidence of breast cancer (HR 0.07;
95% CI 0.01-0.44; p = 0.004), and this risk reduction remains significant even for
those without previous risk-reducing salpingo-oophorectomy (RRSO) [11]. Cur-
rently, the National Comprehensive Cancer Network (NCCN) guidelines recom-
mend discussing the option of risk-reducing mastectomy including the degree of
protection, reconstruction options, and risks of surgery with BRCA
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mutation-positive women [12]. The NCCN guidelines now also specifically men-
tion discussing the risks and benefits of a nipple-sparing mastectomy which until
recently was considered investigational.

In the context of a breast cancer diagnosis, women with a BRCA mutation must
discuss surgical options for both the appropriate treatment of their breast cancer and
the consideration of a contralateral prophylactic mastectomy (see Chap. 7) [13].

Psychosocial Impact

The impact of social factors in the decision to undergo risk-reducing mastectomy
cannot be underestimated. A mastectomy is a body image/quality of life altering
event and regardless of how perfect the reconstruction is (if reconstruction is per-
formed), the reconstructed breast will not feel like the woman’s natural breast to
herself. Studies have shown that women who elect to have a risk-reducing mas-
tectomy do not regret their decision from a fear-of-cancer development standpoint
[14-17]. Yet, they also acknowledge the impact that surgical choice has had on
their body image, intimacy, and quality of life.

Some studies have demonstrated that being a BRCA mutation carrier can be
associated with increased cancer-related stress after surgery but lower general
distress 6-18 months after prophylactic surgery [14—17]. One systematic review of
the literature on patient-reported outcomes after bilateral prophylactic mastectomy
found that the majority of women (70%) were satisfied with the outcomes, reported
high psychosocial well-being and positive body image [18] (Fig. 4.1). This review
of 22 studies found that sexual well-being and somatosensory function were

Satisfaction with O following BPM (n = 1432)
Satisfaction with Decision to have BPM (n = 289)
Psychosocial Well-being (n = 889)

Body Image (n = 824) . Favorable

Response
Sexual Well-being (n = 1030)

No Patient Regret (n = 455)

Somatosensory Function (n= 137)

0 10 0 3 40 50 60 T0O KO 90 100
Patients, %

Fig. 4.1 Percent of patients who have had bilateral prophylactic mastectomy reporting favorable
results for each quality of life domain [18]. BPM, bilateral prophylactic mastectomy. Reprinted
from Quality of Life Research, Quality of life among patients after bilateral prophylactic
mastectomy: a systematic review of patient-reported outcomes; Vol. 25/No. 6, © 2016, pp. 1409—
1421, Razdan SN, Patel V, Jewell S, McCarthy CM, with permission of Springer
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negatively affected, and high preoperative cancer distress and vulnerability on body
image scale were significant negative predictors of quality of life after surgery.
Following risk-reducing mastectomy, 95% of patients did not report any regret and
between 86 and 100% would make the same choice and/or would recommend
risk-reducing mastectomy to another woman at high-risk for developing breast
cancer.

Decision Making

The decision to have a prophylactic mastectomy is influenced by many factors, and
many women may have already decided their preferences for management prior to
meeting her healthcare team. One study showed that 90% of BRCA mutation car-
riers indicated a preference for risk management at 1 week after DNA testing; prior
to obtaining results, most women had stable preferences over time [19]. Decision
aids prior to disclosure of BRCA status had some influence on preference to
receiving risk-reducing mastectomy with 47% of women receiving a brochure and
video prior to results opting for risk-reducing mastectomy compared to 35% of
women who received the materials after results (X = 4.83; p = 0.028). Women
choosing a risk-reducing mastectomy were more likely to have young children
(<13 years), rate their hypothetical breast cancer risk high, and have a high amount
of anticipated regret if they did not undergo surgery [19]. BRCA mutation carrier
women participating in shared decision-making interventions have better general
health, are less depressed, held stronger treatment preferences, and agreed that they
weighed pros and cons to surgery [20]. Decision aids have little impact on women
who have already decided management but for undecided women, decision aids
assist in reaching a management decision, and can lead to decreased decisional
conflict and increased satisfaction [21]. Psychological consultation and talking with
other women who have had risk-reducing mastectomyis of benefit to some women
in their decision making [22]. Additionally, a majority of women feel postsurgical
psychological consultation would be helpful [22].

Uptake in risk-reducing mastectomy varies by race/ethnicity and nationality. It is
important to understand the interaction between patient preferences, provider dif-
ferences, and access to care that drives such variations. One study surveyed 2677
women with BRCA mutations from nine countries and found that only 18.0% of
eligible women had a prophylactic bilateral mastectomy; roughly half of the
patients in this study relied on breast cancer screening alone. Women in the USA
had the highest percentage of women undergoing a risk-reducing mastectomy
(36%); interestingly, Norway had a lower rate of risk-reducing mastectomy (4.5%)
but a higher uptake of bilateral prophylactic oophorectomy (73.5%) compared to
the US oophorectomy percentage (71.1%) [23]. The PROSE consortium study
estimated approximately 46% of women worldwide have a risk-reducing mastec-
tomy by age 70 [24] (Fig. 4.2).
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Fig. 4.2 Kaplan—Meier estimates for the cumulative probability of risk-reducing mastectomy by
age and BRCA gene mutation [24]. Reprinted from Breast Cancer Research and Treatment, use of
risk-reducing surgeries in a prospective cohort of 1499 BRCAI and BRCA2 mutation carriers, Vol.
148/No. 2, © 2014, pp. 397-406, Chai X, Friebel TM, Singer CF, Evans DG, Lynch HT, Isaacs C,
et al., with permission of Springer

Several studies in the USA have looked at risk reduction in different racial and
ethnic groups. Minority women may be less informed about risk-reduction options
because of decreased rates of referrals to genetic counseling or genetic testing
which impacts their knowledge regarding their risk and ultimately their decision
making regarding whether to undergo risk-reducing mastectomy [25, 26]. Addi-
tionally, more research needs to be done to determine if young African American
women with triple negative breast cancers are at higher risk of being BRCA
mutation carriers as has been found in the Florida Cancer Registry [27]. One study
conducted telephone interviews of both high- and normal-risk women from four
racial/ethnic groups to assess their ability to recognize modalities to reduce breast
cancer risk. The study concluded that race/ethnicity, health insurance coverage
(public versus private), and interview language correlated with the ability to
identify risk-reducing measures. Asian—American women were the least likely
to have heard of prophylactic surgery 50.8% (45.5-56.2, 95% CI) as compared to
African American 67.8% (62.4-72.8, 95% CI), Latina 56.4% (50.8-61.8, 95% CI),
or White 85.8 (82.9-88.3, 95% CI) women [28]. One study of African American



52 C. O’Donoghue et al.

women from a single large kindred found that 7/7 (100%) BRCAI mutation carriers
opted for surveillance over prophylactic surgery or chemoprevention [29]. The
study concluded that patient—provider communication about genetic test results was
suboptimal. Another study that included patients with breast cancer, found that
41.7% of African American women who were affected by breast cancer underwent
a risk-reduction mastectomy [30]. Women with breast or ovarian cancer and a
BRCA mutation were significantly more likely to have a risk-reducing mastectomy
than women with breast or ovarian cancer without a BRCA mutation (41.7% vs.
9.9%, p < 0.01). African American women who choose to undergo bilateral mas-
tectomy often have a higher number of relatives with breast and ovarian cancer,
(p = 0.024) in one study [25]. This same study of African American women noted
those that had bilateral mastectomy had a higher household income (p = 0.009) and
concluded that clinical factors such as family history and financial means may
influence surgery recommendations and decisions at both the patient and provider
levels. A population-based sample of BRCA mutation carriers found that black
women had lower rates of risk-reduction mastectomy (67%) compared to Hispanics
(83%) and non-Hispanic whites (94%) [31]. Little research has been done to
evaluate risk-reducing mastectomy uptake in the Latino community, and it is an
important area to understand attitudes and beliefs and improve awareness in a
culturally appropriate manner [32]. Important variables that influence differences in
uptake of risk-reducing mastectomy include patient—physician communication,
perceived risk of cancer, cultural beliefs, provider knowledge, and access to surgery
with insurance coverage.

The Patient Protection and Affordable Care Act mandates coverage of genetic
testing for women deemed to be at increased risk; however, it does not address
insurance coverage for preventative interventions [33]. Though federal law does not
mandate insurance coverage for risk-reducing mastectomy, most insurance com-
panies cover the procedure [34] and some states do mandate coverage. Prior to
proceeding with risk-reducing surgery, patients and providers should take steps to
determine whether prophylactic surgery is covered by the patient’s insurance or
pursue other institutional or charitable resources so as to not cause undue financial
burden or stress for the patient. Reconstruction coverage is mandated by the federal
Women’s Health and Cancer Rights Act (WHCRA), enacted in 1999, which
requires breast reconstruction coverage after mastectomy [35].

Timing of Surgery

Consideration for the age of the woman when the carrier status is identified,
whether or not she currently has breast or ovarian cancer, [36, 37] incidence of
breast cancer within the family [38], and the woman’s general health all play into
her decision-making process for surgery [39]. Timing of breast surgery is the next
hurdle. If she currently has breast cancer, then the “when” is relative to the
sequencing of her cancer treatment. However. if she is a previvor (an unaffected



4 Risk-Reducing Surgery for BRCA1/2 Genetic Mutation Carriers 53

genetic mutation carrier), then timing will be relative to her current age, age of the
youngest family member affected with breast cancer, previous personal history of
benign breast disease and biopsies, and social factors (stable relationship, com-
pleted child-bearing, financial/insurance concerns, desire for and availability of
reconstructive options). The timing of a bilateral risk-reducing salpingo-
oophorectomy also should be discussed with the patient’s multidisciplinary team.

Surgical Options

Once the woman has decided on risk-reducing mastectomy, she should meet with a
(breast) surgeon and a plastic surgeon (if immediate reconstruction desired). As per
NCCN guidelines, women should have bilateral mammogram within 6 months of
surgery [12] and many would recommend an MRI within 1 year of planned surgery
because of the risk of an occult malignancy.

Simple Versus Subcutaneous Mastectomy

Given that there are many options for breast reconstruction, the patient together
with her surgical team will need to decide on the type of mastectomy and the type
of reconstruction desired/recommended. The type of mastectomy centers on what is
removed and what remains in situ. A “subcutaneous” mastectomy removes most of
the breast tissue but leaves a rim of tissue attached to the under surface of the native
breast skin. This operation was originally championed in 1962 by Freeman before
genetic testing was known and thus available [40]. Considering this operation was
performed primarily for benign disease, the reasons for leaving tissue behind was to
minimize the risk of skin necrosis from vascular compromise, leave the
nipple/areolar disc in situ, and improve acceptance of the reconstruction from a
cosmetic standpoint. At that time breast reconstruction was in its infancy and
options were limited. Depending on the amount of residual breast tissue, women
still needed to be screened by mammography and a small portion later developed
breast cancer. As surgical techniques advanced both for the mastectomy itself and
for reconstruction, the mastectomy performed evolved into a “simple” or “total”
mastectomy (the same operation performed for breast cancer). A total mastectomy
attempts to remove all breast tissues, but studies have shown that a small amount of
scattered cells will still remain behind on the undersurface of the skin and the
anterior surface of the pectoralis muscle [41-44]. The amount is far less than with a
subcutaneous mastectomy and thus translates into a predicted lower rate of primary
breast cancer development in the woman’s future. Currently, most risk-reducing
mastectomies in the USA are performed as a total or simple mastectomy.
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Skin, Areolar, Nipple-Sparing Mastectomy

The next decision after choosing between a subcutaneous or total mastectomy is to
decide the amount of residual native breast skin. If no reconstruction is planned,
then the goal is to remove the nipple, areola, and the necessary amount of skin to
allow for the skin to lie flat against the chest wall without being too tight (limiting
range of motion) or too loose. However, if immediate reconstruction is planned,
then providing the plastic surgeon with a skin envelope would allow for a more
natural and esthetically pleasant appearance. In 1984, Toth and Lappert champi-
oned the skin-sparing mastectomy through which the nipple and areolar disc are
removed but takes less than 20% of the native breast skin [45]. They also recom-
mended avoiding placement of scars in the upper poles of the breast that would
otherwise detract from the cosmetic appearance of the breast reconstruction. Initial
concerns centered on the oncologic safety of preserving additional native breast
skin and the potential for increasing the overall volume of residual isolated breast
cells. However, studies failed to demonstrate an increase in local recurrence or new
primary cancer development in skin-sparing mastectomies versus non-skin-sparing
techniques; therefore, the technique is deemed oncologically safe [46—49]. Over the
past 2 decades, skin-sparing mastectomy with immediate reconstruction has
become the standard practice for many breast cancer patients and previvors alike
(Fig. 4.3).

During the same time frame as the BRCA genes were being discovered in the
mid-1990s, reconstructive techniques were advancing at a rapid pace and consid-
eration turned to the possibility of preserving the nipple areolar complex. Since the
majority of mastectomies performed are for the treatment of breast cancer, the
primary concern was the potential increased local recurrence rate incurred with
preserving the nipple areolar complex. Investigation determined the areolar disc to
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Fig. 4.3 Designing skin-sparing mastectomy. Diagram of pre-incision measurements [50].
Reprinted from Annals of Surgical Oncology, Skin flap necrosis after mastectomy with
reconstruction: a prospective study, Vol. 23/No. 1, © 2016, pp. 257-264, Matsen CB,
Mehrara B, Eaton A, Capko D, Berg A, Stempel M, et al., with permission of Springer
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be a skin appendage and not breast tissue. Therefore, although a primary breast
cancer can extend into the areolar disc, it cannot of itself make a de novo breast
cancer [49, 51]. This opened the door in the 1990s for surgeons to conceptualize
designing incisions that would leave the areolar disc in situ but allow for removal of
the entire breast and nipple. The plastic surgeon would then be able to use the
areolar disc to recreate the nipple, and the areolar disc could later be tattooed or a
skin graft used to simulate an areola. Over the subsequent years, areolar-sparing
mastectomies have been shown to be low risk with regard to the incidence of local
recurrence or new primary cancer development [51].

The next step in the evolution of preserving the breast skin envelope was the
nipple-sparing mastectomy. With nipple-sparing mastectomy, one preserves all of
the native breast skin and the nipple areolar complex. From a technical standpoint,
this is a much more complex procedure with a significant learning curve. Early
pioneers grappled with eligibility criteria, patient selection, location and length of
the incision, technical constraints of available instrumentation, type of recon-
struction, and outcomes from both a cosmetic and an oncologic perspective. Studies
from the 1970s and 1980s demonstrating an 8-50% risk of occult cancer found
beneath the nipple of mastectomy specimens questioned the risk of nipple preser-
vation [52, 53]. These studies used varying definitions of the distance from the
nipple base to the “occult” cancer or extension of the primary cancer toward the
nipple to label the pathology results as nipple involvement. In fact, mastectomy flap
thickness was much larger back then (upwards of 1 cm), and as such anything
within 10-20 mm of the nipple base was considered in these studies occult nipple
involvement. Mastectomy flap thickness by today’s standards would be closer to
3-5 mm; thus, the definition of occult cancer of the nipple needs to redefined [54].
One study, in women with BRCA mutations, measured the amount of breast tissue
that remains when the nipple is spared with a standard retroareolar margin of 5 mm
and found that this only encompasses 1.3% less of the total at-risk breast tissue [55].
The nipple proper has 8-10 milk ducts traversing it, and given that the most
common histology of breast cancer is of ductal origin, initial reports of the
nipple-sparing mastectomy technique discussed ‘“coring” the nipple proper to
minimize the residual ductal channels. This, however, came at the cost of increased
nipple necrosis (partial and complete) and loss of nipple projection, pigmentation,
and sensation [56]. A landmark study by Stolier and colleagues identified that
terminal duct lobular unit (the progenitor of most breast cancers) is present in only
25% of nipples and more importantly, demonstrated that when present, the terminal
duct lobular unit is always located at the base of the nipple not within the nipple
proper [57]. Armed with this information, nipple “coring” is no longer required
unless atypical cells are found intraoperatively on frozen section of the base of the
nipple. Some centers have deferred intraoperative to permanent pathology to
minimize the need for nipple “coring.”

Nipple “coring” is not the only factor affecting the viability of the nipple.
Placement of the skin incision along the lateral inframammary fold with lateral
extension toward the axilla [58], large pendulous breasts, autologous reconstruc-
tion, direct-to-implant reconstruction [59], and a patient history of smoking all
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attenuates the vascular supply to the nipple areola disc [60]. The blood supply to the
nipple is variable with some breasts having the vascular supply originating solely
from the surrounding skin, while others have it arising solely from the native breast
tissue. Most breasts have a combination of sources from breast tissue and skin.
Patients whose breasts rely on breast tissue vascular supply would need to have a
subcutaneous mastectomy if they wish to retain viability of their native nipple.
Otherwise, total mastectomy with reconstruction of a nipple remains an alternative
option. In this context, some institutions have adopted a procedure whereby they
take the woman to the operating room for a sentinel lymph node biopsy
(if applicable) and dissection of the nipple areolar complex off the breast mound
with sampling of the sub-areolar breast tissue for pathologic evaluation. This
“delay” procedure allows for oncologic evaluation before proceeding with a
nipple-sparing mastectomy with immediate reconstruction and an interval devel-
opment of collateral blood supply to the nipple areolar disc via the skin [61]
(Fig. 4.4). Others use indocyanine green (ICG) dye and a specialized infrared
camera-computer system (SPY Elite™) to direct placement of mastectomy inci-
sions to minimize ischemic complications involving the nipple-areolar complex
[60]. In several series of women with breast cancer, preservation of the skin and

Fig. 4.4 Planned nipple-sparing mastectomy after previous mastopexy with circumareolar
inverted T scar (a). Surgical delay procedure to ensure perfusion of the nipple-areolar complex
performed 1 week prior to mastectomy as outpatient. (b, ¢). Final reconstruction: immediate,
postoperative follow-up (d). Note this is a representative photograph and not from the author’s
institution [61]. Reprinted from Annals of Surgical Oncology, Nipple-sparing mastectomy in 99
patients with a mean follow-up of 5 years, Vol. 18/No. 6, © 2011, pp. 1665-1670, Jensen JA,
Orringer JS, Giuliano AE, with permission of Springer
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Fig. 4.5 Patient preoperative (left) and postoperative (right) results with nipple-sparing
mastectomy after 8 months. Note this is a representative photograph and not from the author’s
institution [73]. Reprinted from Annals of Surgical Oncology, Total skin-sparing mastectomy in
BRCA mutation carriers, Vol. 21/No. 1, © 2014, pp. 3741, Peled AW, Irwin CS, Hwang ES,
Ewing CA, Alvarado M, Esserman LJ, with permission of Springer

nipple-areolar complex did not result in an increased local recurrence rate or a
change in survival [49, 62-69]. Nipple-sparing mastectomy has also been shown to
be safe for risk reduction including in BRCA-positive patients [70-74] (Fig. 4.5).

Although a previvor does not have cancer at the time of planned risk-reducing
mastectomy, , her primary goal is risk reduction and thus oncologic safety is
paramount. Her secondary goal is aesthetic outcome and minimizing impact on
body image, quality of life, and intimacy. In counseling a woman about her decision
for surgery, it is important that several factors about mastectomy and reconstruction
are well explained. First, the native breast skin, and thus the nipple if preserved, will
most likely be insensate. Over time, some sensation may return but it will most
likely be altered. One study evaluating nipple sensation found that some sensation
was preserved in those who underwent nipple-sparing mastectomy in both nipples
for 26% of patients and in one of the two nipples in 68% of patients [75]. Second,
the reconstructed breast will not feel like a natural breast to the woman herself.
There have been mixed reports of women’s overall quality of life with
nipple-sparing compared to skin sparing mastectomies. One single-center study of
women who completed the BREAST-Q reconstruction module [76, 77] found that
nipple-sparing compared to skin-sparing mastectomy patients reported significantly
higher scores for psychosocial (p = 0.01) and sexual well-being (p = 0.02), but no
difference in physical well-being, satisfaction with the breast, satisfaction in out-
comes. Finding slightly different results, another study of 53 women prospectively
used the Breast Evaluation Questionnaire and the Body Image after Breast Cancer
Questionnaire [78, 79] and found that quality of life and satisfaction did not differ
between women who underwent nipple-sparing mastectomy versus skin-sparing
mastectomy [75].

Many factors impact a woman and her surgeon’s decision on the type of mas-
tectomy chosen for risk-reduction. In one study of women eligible to receive both
skin-sparing mastectomy and nipple-sparing mastectomy, patients choosing
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skin-sparing mastectomy were younger (43 £ 10 vs. 49 £ 10 years, p = 0.05),
had a higher BMI (26 & 4 vs. 23 £+ 3, p = 0.02), and had larger breasts on final
pathology (564 g/breast vs. 366 g/breast, p < 0.001) [75].

Another decision to be made is the type of reconstruction (if any) that would be
performed concomitantly with the risk reducing mastectomy. Women will have
different goals for the size and shape of their reconstructed breast which will inform
which surgery will serve them best. Factors that impact the type of reconstruction
offered by plastic surgeons include body type, medical history, previous radiation,
available soft tissue donor sites, skin deficit and quality including the laxity and
thickness of chest wall skin. Women and their surgeons will also consider the
overall recovery time and various risks to determine which surgery to have. The
three most common options include the following: (1) two-stage tissue expander
and then implant or direct-to-implant, (2) Latissimus dorsiflap with or without
expander, and an (3) autologous alone flap such as a transverse rectus abdominis
muscle (TRAM), deep inferior epigastric perforator (DIEP) or superior epigastric
artery perforator (SGAP) flap. The most common reconstruction for women
undergoing risk-reducing mastectomyis an implant reconstruction [80]. For
nipple-sparing mastectomy, some institutions have found that they have improved
outcomes and less nipple necrosis with a two-stage tissue expander then delayed
implant reconstruction as compared to direct-to-implant or autologous reconstruc-
tions [59].

As mentioned above, women who are found to have invasive cancer or ductal
carcinoma in situ at the time of risk-reducing mastectomy should be treated
accordingly for breast cancer. In a recent publication from Sloan Kettering, ductal
carcinoma in situ or invasive cancer was found in 4.8 and 1.7%, respectively, in 459
prophylactic nipple-sparing mastectomy specimens [81].

Sentinel Lymph Node Biopsy

Sentinel lymph node biopsy in the setting of risk-reducing mastectomy has limited
indications. As mentioned prior to risk-reduction surgery, screening imaging should
be within 6 months of surgery to detect any malignancy. In the setting of a dis-
covered malignancy in the workup for risk-reducing mastectomy, sentinel lymph
node biopsy would be indicated for the treatment and staging of malignancy as per
NCCN guidelines for breast cancer [82]. Women with abnormal findings on
imaging who do not have a preoperative biopsy or those without a previous MRI
are at risk for an occult primary tumor, and a sentinel lymph node biopsy is
reasonable to stage the axilla with a risk-reducing mastectomy. There is no evidence
to suggest an increased risk of lymphedema in patients undergoing sentinel node
biopsy in this setting [83].
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Surveillance

After risk-reducing mastectomy, women should have an annual clinical examina-
tion of the chest/reconstructed breast because there is still a small risk of the future
development of breast cancer emanating from the residual ductal cells on the
undersurface of the mastectomy flap. Mammography, however, is not required after
mastectomy, whether with reconstruction or not. Women should continue to follow
with her gynecologist for ovarian cancer screening unless she has also had a
risk-reducing salpingo-oophorectomy.
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Introduction

Ovarian cancer is the second most common gynecologic malignancy and the most
common cause of gynecologic cancer death in the USA [1]. During 2016, an
estimated 22,280 women will be diagnosed with ovarian cancer in the USA, and
approximately 14,240 patients will succumb to their disease [1]. Based on data from
the Surveillance, Epidemiology, and End Results (SEER) Program, women in the
USA have a 1.4% lifetime risk of developing ovarian cancer; the average age of
diagnosis is 63 years old. Over 95% of ovarian malignancies have an epithelial
origin, and serous carcinoma is the most common type of epithelial ovarian cancer
(EOC) [2]. Clinically and histologically, serous carcinomas of the ovary exhibit
very similar behavior to fallopian tube and primary peritoneal serous carcinomas.
Therefore, for simplicity, throughout this chapter the term “ovarian cancer” will be
used to refer to carcinomas of epithelial origin arising in the ovaries, fallopian tubes,
and peritoneal lining.

In addition to older age, there are a number of risk factors that have been
associated with the development of sporadic ovarian cancer, including the repro-
ductive and environmental factors listed in Table 5.1. However, while the majority
of ovarian cancer cases are sporadic, germline mutations in several genes, including
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BRCAI, BRCA2, BRIPI, RAD5IC, and RAD51D, as well as in mismatch repair
genes, are associated with increased susceptibility and account for approximately
25% of ovarian carcinomas [3—5]. Of the currently known ovarian cancer suscep-
tibility genes, germline mutations in BRCAI and BRCA?2 account for a significant
number of hereditary ovarian cancers and have been found in approximately 15% of
women with this malignancy [3, 6, 7].

Prevention and early detection are paramount in reducing the high mortality rate
associated with ovarian cancer [8]. This high mortality rate is in part due to the fact
that over 70% of women with this malignancy have advanced-stage disease at the
time of diagnosis. To date, there are no reliable screening tests for ovarian cancer,
and prior to the discovery of the BRCA genes, there were no primary prevention
methods for this malignancy. Therefore, recognizing that mutated BRCAI and
BRCA?2 predispose to hereditary ovarian cancer prompted genetic assessment of
patients diagnosed with ovarian cancer and subsequent genetic screening of family
members for those patients who were found to carry a deleterious mutation. In
doing so, more and more women have been identified as BRCA carriers and offered
risk-reducing surgery to minimize their risk of developing ovarian cancer. Because
of this intervention, we should see a small decrease in the incidence of ovarian
cancer as more women who are genetic carriers undergo risk-reducing surgery
before the potential onset of this aggressive disease.

However, despite the tremendous benefits derived from risk-reducing bilateral
salpingo-oophorectomy (1rrBSO) in this patient population, the decision to undergo
surgery and timing of such procedure involves complex, emotionally charged, and
often life-changing decision making [9]. Furthermore, the resulting surgical
menopause can have significant psychological and physical health consequences
that should be taken into account during preoperative counseling and postoperative
follow-up. Therefore, our goal for this chapter will be to discuss the relationship

Table 5.1 Risk factors Risk factors Relative risks

associated with ovarian -

cancer [98-105] Infertility 2.67 [98]
Polycystic ovarian syndrome 2.52 [99]
Endometriosis® 2.04-3.05 [100]
Cigarette smoking” 2.1 [101]
Protective factors
History of contraceptive use 0.73 [102]
Breast feeding > 12 months 0.72 [103]
Tubal ligation 0.69 [104]
Pregnancy 0.71° [105]
“Increase in risk of clear cell, endometrioid, and low-grade serous
carcinomas

PIncrease in risk of mucinous carcinoma
“Parous versus nulliparous women. Risk appears to decrease
further with increasing parity
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between BRCA mutations and ovarian cancer as well as to review screening and
management recommendations for these patients, with special emphasis on the role,
benefits, and risks associated with risk-reducing bilateral salpingo-oophorectomy.

Germline Mutations in BRCA1 & BRCA2

The gene encoding for BRCA1 was first identified in 1994 and mapped to the long
arm of chromosome 17. A year later, BRCA2 was identified on the long arm of
chromosome 13 [10]. The proteins encoded by both BRCA genes have been
implicated in DNA repair processes [11]. BRCAI functions in the signaling of DNA
damage and its repair by homologous recombination, nucleotide excision repair,
and non-homologous end-joining. Meanwhile, BRCA2 has a more specific role in
DNA repair, regulating the activity of RAD51, a protein required for homologous
recombination [8, 11]. However, the BRCA genes are also involved in cell cycle
checkpoint regulation, chromosomal segregation, and estrogen metabolism [12,
13]. Therefore, a deleterious mutation in either of these genes can lead to disruption
of the genomic integrity and subsequent oncogenesis.

Mutations in the BRCA genes are highly penetrant, and all germline mutations
identified to date have been inherited, suggesting the possibility of a large “foun-
der” effect in which a certain mutation is common to a small number of individuals
who established a new population. BRCA mutation prevalence in the general
population ranges between 1/300 and 1/800 [14]. However, the frequency and
specific type of mutation occurs much more commonly in certain populations
because of the previously mentioned founder effect. For example, the frequency of
a BRCAI or BRCA2 mutation is 1 in 40 individuals in Ashkenazi Jews, with 1 of 3
founder mutations most commonly identified: BRCAI 187delAG, BRCAI
5385insC, and BRCA2 6174delT [14-16]. Other groups with increased mutational
frequency include women of French Canadian, Polish, Icelandic, and Hispanic
descent [14]. However, the likelihood that ovarian cancer will develop in a mutation
carrier varies even among families with the same gene. This suggests that certain
factors may influence whether cancer develops in BRCA carriers and there are a
number of risk modifiers that are the subject of ongoing research [9, 17]. Never-
theless, having a family history of ovarian cancer is a strong predictor of future risk
in mutation carriers [9].

BRCA Function and Risk Associated with Carrier Status

Both BRCAI and BRCA2 encode proteins involved in tumor suppression. Muta-
tions in these genes are inherited in an autosomal dominant fashion. The suscep-
tibility to cancer results from the inheritance of one mutant allele of either BRCAI
or BRCA2 followed by loss of heterozygosity in breast or ovarian epithelial cells,
ultimately leading to complete inactivation of the gene [18]. Female mutation
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carriers have increased susceptibility to breast, ovarian, and pancreatic carcinoma
[10]. However, in this chapter, we will focus on the ovarian cancer susceptibility
associated with BRCA mutations.

Histologically, both mutations are associated with the development of pre-
dominantly serous ovarian carcinoma [19]. A number of studies have reported on
the lifetime risk of developing ovarian cancer. A meta-analysis of 10 studies
combining for a total of 1641 carriers from multiple countries reported a mean
cumulative risks for ovarian cancer of 40% for BRCAI and 18% for BRCA2 [20].
Meanwhile, a prospective trial in the UK following 1887 carriers reported the
lifetime risk of ovarian cancer to be 59% for patients with BRCAI and 16.5%
among BRCA2 carriers [21]. In contrast, the average risk of developing ovarian
cancer by age 70 in the general population is less than 1%. Overall, the risk of
developing ovarian cancer in BRCA carriers before the age of 40 is small. However,
after the fourth decade of life, the risk increases significantly [20]. Furthermore, the
risk of ovarian cancer is not only higher in BRCA I mutations, but these women also
tend to develop an ovarian malignancy at an earlier age than BRCA2 carriers
(Fig. 5.1). Rebbeck et al. found that the mean age of diagnosis of ovarian cancer
was 50.8 years for BRCA carriers [22].

Since the risk of developing ovarian cancer varies by age, a woman’s current age
should be taken into consideration when counseling her about her lifetime risk. For
example, using the estimates from Chen et al. [20], an unaffected 30-year-old
BRCA?2 carrier has a 16% risk of developing ovarian cancer by age 70. Meanwhile,
a 60-year-old unaffected BRCA2 carrier’s risk of developing ovarian cancer by age
70 should be quoted at approximately 9% [20]. In addition to family history of
ovarian cancer, other factors may increase the individual lifetime risk of genetic
carriers. Recently, two genetic modifier mutations were found (BRCA-specific
SNP rs4691139 and SNP rs17631303), which confer an even greater lifetime risk of
ovarian cancer [23]. Identifying these types of mutation modifiers will further
enhance our ability to counsel patients appropriately about their lifetime risks.

Fig. 5.1 Ovarian cancer risk 45.00% -
by mutated gene and decade 40.00%
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Guidelines for Genetic Testing

The National Comprehensive Cancer Network (NCCN) Guidelines recommend risk
assessment, genetic counseling, and BRCA testing for any woman with a family
member who is carrier of a deleterious BRCA mutation as well as all women with a
personal history of ovarian cancer. In addition, women with a personal history of
breast cancer or pancreatic cancer should also undergo BRCA mutation testing if
they meet any of the criteria listed in Table 5.2 [24].

Table 5.2 Criteria for offering BRCA mutation genetic testing per NCCN guidelines [24]

Personal/family history BRCA testing criteria

Family with a known deleterious gene No further criteria needed. Test all women.
mutation

Personal history of ovarian carcinoma® No further criteria needed. Test all women.
Personal history of breast cancer, Test all women who meet at least ONE of the
including ductal carcinoma in situ following four criteria:

(DCIS) (1) Diagnosed at age <45

(2) Diagnosed at age <50 with:

* An additional breast cancer primary

* >1 close blood relative® with breast cancer at
any age

* >1 close relative with pancreatic cancer

» > 1 relative with prostate cancer (Gleason
score >7)

* An unknown or limited family history

(3) Diagnosed at age <60 with:

* Triple negative breast cancer

(4) Diagnosed at any age with:

* > 1 close blood relative® with breast cancer
diagnosed at age <50

* >2 close blood relatives® with breast cancer at
any age

* > 1 close blood relative® with ovarian
carcinoma’

» >2 close blood relatives® with pancreatic cancer
and/or prostate cancer (Gleason score > 7) at
any age

* A close male blood relative® with breast cancer

* For an individual of ethnicity associated with
higher mutation frequency (e.g., Ashkenazi
Jewish) no additional family history may be
required®

(continued)
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Table 5.2 (continued)

Personal/family history BRCA testing criteria

Personal history of pancreatic cancer Test all women who meet at least ONE of the
following four criteria:
(1) Ashkenazi Jewish ancestry
(2) >1 close blood relative® with ovarian
carcinoma® at any age
(3) >1 close blood relative® with breast cancer
diagnosed at age <50
(4) > 2 relatives with breast, pancreatic cancer or
prostate cancer (Gleason score > 7) at any age
Family history only Test all women who meet at least ONE of the
following two criteria:
(1) First- or second-degree blood relative meeting
any of the above criteria
(2) Third-degree blood relative who has breast
cancer and/or ovarian carcinoma® and who
has > 2 close blood relatives with breast
cancer (at least one with breast cancer
diagnosed at age < 50) and/or ovarian
carcinoma®
“Close relative is defined as a first-degree (parent, sibling, offspring), second-degree (grandparent,
grandchild, uncle, aunt, nephew, niece, half-sibling), or third-degree (first cousin,
great-grandparent or great-grandchild) relative
®Testing for Ashkenazi Jewish founder-specific mutation(s) should be performed first.
Comprehensive genetic testing may be considered if ancestry also includes non-Ashkenazi
Jewish relatives or if other BRCA-related criteria are met. Founder mutations exist in other
populations [24]
“Includes fallopian tube and primary peritoneal cancers. BRCA-related ovarian cancers are
associated with epithelial non-mucinous histology

Once a patient undergoes BRCA testing, if a mutation is found, current guide-
lines from the NCCN and the Society of Gynecologic Oncology (SGO) recommend
for that patient to undergo risk-reducing bilateral salpingo-oophorectomy (rrBSO)
once she is between 35 and 40 years of age or sooner if she has completed
childbearing [24, 25]. In addition, family members should be offered testing for the
specific familial mutation. This algorithm is outlined in Fig. 5.2. The recommended
timing of rrBSO is aimed at maximizing the reduction in ovarian cancer risk for
BRCA carriers. As previously discussed, the risk starts to increase significantly after
age 40. More importantly and perhaps the biggest determinant of surgical timing
recommendation is the fact that a number of patients are diagnosed with an occult
malignancy at the time of their rrTBSO. Given the aggressive nature of ovarian
cancer, rrBSO should ideally be performed at a time prior to the development of the
malignancy. In BRCAI mutation carriers, prevalence of ovarian cancer found
during rrBSO was 1.5% for those younger than age 40 and 3.8% in those between
the ages of 40 and 49. BRCAI mutation carriers between the ages of 50 and
59 years had the highest incidence rate at 6.7% [26]. Meanwhile, the highest
incidence rate in BRCA2 mutation carriers was observed between the ages of 60
and 69 years at 4.9%, and no occult malignancies were diagnosed in women who
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Fig. 5.2 Testing and management algorithm to decrease the risk of ovarian cancer in women who
meet criteria for BRCA genetic evaluation by NCCN guidelines [24]. Single asterisk For both
affected and unaffected individuals of Ashkenazi Jewish descent with no known familial mutation,
first test for the three common mutations. Then, if negative for the three mutations and ancestry
also includes non-Ashkenazi Jewish relatives or other BRCA-related criteria are met, consider
comprehensive genetic testing. For both affected and unaffected individuals who are
non-Ashkenazi Jewish and who have no known familial mutation, comprehensive genetic testing
is the approach, if done. Double asterisk Risk-reducing salpingo-oophorectomy should be
completed between ages 35—40, and upon completion of childbearing. Because ovarian cancer
onset in patients with BRCA2 mutations is an average of 8—10 years later than in patients with
BRCAI mutations, it is reasonable to delay RRSO until age 40-45 in patients with BRCA2
mutations who have already maximized their breast cancer prevention [24]

underwent rrBSO prior to age 60 years [26]. Therefore, the recommended age for
rrBSO could be younger for women with a BRCAI mutation than for women with a
BRCA?2 mutation [24, 26]. However, the age at which rrBSO is performed may also
be individualized according to the earliest age of onset in the family [25].

Outcomes After Risk-Reducing Bilateral
Salpingo-Oophorectomy

Risk-reducing bilateral salpingo-oophorectomy is the most effective intervention in
reducing the risk of ovarian cancer in BRCA mutation carriers. The benefit from
rBSO is likely due to removal of the fallopian tubes, as data have now emerged
that the fallopian tubes are the likely origin of precursor lesions that lead to the
development of ovarian cancer [27]. In addition, rTBSO may have a role in further
decreasing breast cancer risk in women with BRCA mutations. Lastly, given the
associated reduction in the risk of developing ovarian cancer, and the fact that many
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patients are diagnosed with an early ovarian cancer at the time of their rrTBSO, this
procedure may also confer BRCA carriers a survival advantage compared to those
women with BRCA mutations who do not undergo rBSO.

Ovarian Cancer Precursor Lesions and BRCA

Historically, several theories have been presented regarding ovarian carcinogenesis.
The majority attempted to describe how the ovarian mesothelium (also known as the
ovarian surface epithelium) underwent metaplasia and dysplastic changes [28, 29].
None of them were able to identify a precursor lesion for high-grade serous carci-
noma of the ovary (HGSC). In 2001, Piek et al. reported areas of cellular dysplasia
and hyperplastic lesions in the fallopian tubal epithelium of women undergoing
rBSO for BRCA or a strong family history of ovarian cancer [30]. The lesions
identified had a histologic resemblance to HGSC without the invasive component. In
addition, further studies confirmed the presence of early fallopian tube malignancies
in some patients with BRCA mutations undergoing rrBSO. The majority of these
malignancies had a noninvasive, dysplastic component at the fimbriated end of the
fallopian tube [31, 32]. Thus, it appeared that these patients had an increased risk for
the development of a HGSC of the fallopian tube rather than the ovary [33]. The
dysplastic regions within the fallopian tube became known as “serous tubal
intraepithelial carcinoma” (STIC), and it has been hypothesized that it represents a
precursor lesions for most HGSC that arise in the pelvis (i.e., ovary, fallopian tube,
and peritoneal lining) [34-36].

Multiple findings have helped support this hypothesis. Among women under-
going rrBSO for increased risk of ovarian carcinoma, up to 17% are found to have a
pelvic serous pre-invasive or invasive lesion and 80% of these involved the fal-
lopian tubes [32, 33, 37, 38]. The incidence of STIC in non-BRCA mutation carriers
is not yet well established; however, Kindelberger et al. examined the pathology of
55 women with advanced-stage serous ovarian, tubal, or primary peritoneal carci-
noma and found that 75% of all cases of pelvic serous carcinomas contained areas
of STIC, suggesting that STIC may represent a precursor lesion even in women at
average risk of developing HGSC [35]. Lastly, at the molecular level, STIC and
extrauterine pelvic serous carcinoma diagnosed in the same patient often share
identical TP53 mutations, further suggesting a common origin [35, 39].

Ovarian Cancer Risk Reduction

In women who are BRCA carriers undergoing rrBSO, the resulting risk reduction
for the development of ovarian cancer ranges between 72 and 96% as reported by
multiple studies (Table 5.3). A meta-analysis of ten observational studies evaluat-
ing ovarian cancer outcomes in BRCA mutation carriers who had undergone rrBSO
included three non-overlapping data sets [40—42] based on which the authors found
a risk reduction for ovarian cancer of approximately 79% (HR = 0.21; 95% CI =
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Table 5.3 Reported ovarian cancer risk reduction in BRCA carriers as a result of risk-reducing
bilateral salpingo-oophorectomy [22, 26, 41-45, 47, 106]

Study # of patients # of ovarian Hazard ratio (95% CI)
cancers

rrBSO | No rrBSO  1tBSO | No irBSO | BRCAI & BRCA2

Rebbeck et al. [22] = 259 292 2 58 0.04 (0.01-0.16)
Finch et al. [42] 1041 779 7 32 0.20 (0.07-0.58)
Kauff et al. [106] 98 72 1 5 0.15 (0.02-1.31)
Domchek et al. [47] 155 271 2 16 0.11 (0.03-0.47)
Kauff et al. [41] 509 283 3 12 0.12 (0.03-0.41)
Domchek et al. [45] 939 1678 6 63 0.28 (0.12-0.69)
Finch et al. [26] 3513 2270 32 108 0.20 (0.13-0.30)
Rebbeck et al. [43] 1555 1285 NR NR 0.21 (0.12-0.39)
Marchetti et al. [44] 4961 4231 NR NR 0.19 (0.13-0.27)

0.12 to 0.39) [43]. A more recent meta-analysis of three prospective studies found
a similar reduction of 81% in ovarian cancer risk after rBSO (HR 0.19, 95% CI
0.13-0.27) [44].

Whether the risk for ovarian cancer after rrBSO decreases equally for BRCAI
and BRCA2 mutation carriers is less clear because few studies have reported sep-
arate estimates. However, in a subgroup analysis of the study by Domchek et al.,
which included 939 BRCA carriers who underwent rrBSO, ovarian cancer occurred
in 1-2% of BRCAI carriers who underwent rrBSO versus 7-8% in those who did
not undergo prophylactic surgery. Meanwhile, there were no ovarian cancer cases
in BRCA?2 carriers who underwent rrfBSO compared with 3% of those who did not
undergo rrBSO [45]. These findings suggest that BRCAI carriers may get a more
significant reduction because their baseline risk is higher than women with BRCA2
mutations. However, the higher risk appears to persist after rBSO in patients with
mutations in BRCAI compared to BRCA2. Further data are needed to evaluate
whether this difference in risk truly persists following rrBSO.

Breast Cancer Risk Reduction After Prophylactic Bilateral
Salpingo-Oophorectomy

Women with BRCAI and BRCA2 mutations have a lifetime risk of approximately
57-60 and 49-55%, respectively, of developing breast cancer. In addition, BRCA
carriers who are diagnosed and treated for breast cancer remain at risk of devel-
oping a second breast cancer [46]. Therefore, these women undergo frequent
screening with annual mammograms and breast MRI, and many of them choose to
undergo risk-reducing bilateral mastectomy. The reduction in breast cancer risk
after undergoing prophylactic mastectomy is approximately 90% [9]. Patients who
choose to either postpone or completely forego risk-reducing mastectomy should
continue to follow the recommended breast screening guidelines, but there are data
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to suggest that in these patients, rrBSO may also offer some reduction in their risk
of developing breast cancer.

Several observational studies have reported a decrease in breast cancer risk in
BRCA carriers with no prior history of breast cancer who underwent rrBSO. The
reported reduction in breast cancer risk has ranged between 37 and 62% in BRCAI
mutation carriers, 21-64% for BRCA2 carriers, and a reduction between 38 and
64% for all BRCA carriers [21, 22, 45, 47-49]. Furthermore, the majority of these
trials showed a risk reduction of approximately 50% when the rrfBSO was per-
formed in pre-menopausal women [22, 45, 47-49]. Greater reductions in breast
cancer risk were observed in women with a BRCAI mutation who had an rrfBSO at
age 40 years or younger (OR, 0.36; 95% CI, 0.20-0.64) relative to those who
underwent the procedure at age 41-50 (OR, 0.50; 95% CI, 0.27-0.92) [50]. In
addition, some studies suggest that rrfBSO after age 50 is not associated with a
substantial decrease in breast cancer risk [48]. These findings suggest that the
decrease in breast cancer risk may be linked to decreased hormonal exposure
following surgical removal of the ovaries.

A more recent study by Heemskerk-Gerritsen et al. also looked at the effect of
rBSO on later risk of breast cancer in BRCA carriers and failed to show any
reduction in risk, HR 1.09 (95% CI 0.67-1.77) [51]. This study employed more
stringent inclusion criteria to minimize bias and utilized person-time before rrBSO
in order to calculate a more accurate measure of risk. However, a subsequent trial
that adjusted for person-time bias as a result of the Heemskerk-Gerritsen analysis
continued to find a protective effect of rrBSO on breast cancer incidence in
BRCA1/2 mutation carriers (HR, 0.59; 95% CI, 0.42-0.82) [52]. Therefore, while
most published data have shown a risk reduction in breast cancer in BRCA carriers
who undergo rrBSO, the findings from Heemskerk-Gerritsen et al. should be taken
into consideration and mentioned when counseling patients about this possible
benefit [9].

Effects of Risk-Reducing Salpingo-Oophorectomy on Mortality

A reduction in mortality is ultimately the outcome that we as providers are most
interested in when offering rrBSO to our patients. Several studies have looked at the
impact of rrTBSO on mortality; the estimates are very reassuring and further solidify
the role of TBSO as a worthwhile intervention.

Among a cohort of 5783 women with a BRCA mutation who were observed
prospectively for an average of 5.6 years, the risk of death for those who were
unaffected with cancer at study entry fell by 77% (HR 0.23; 95% CI, 0.13-0.39)
after rBSO. This decrease in mortality was the result in large part to reduction in
the incidence of ovarian cancer, but the authors also demonstrated reduced breast
cancer incidence and mortality as a result of rrfBSO [26]. Similarly, the Prevention
and Observation of Surgical Endpoints (PROSE) multicenter prospective cohort
study of 2482 BRCA carriers also demonstrated lower all-cause mortality (HR,
0.40; 95% CI, 0.26-0.61), breast cancer-specific mortality (HR, 0.44; 95% CI,
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0.26-0.76), and ovarian cancer-specific mortality (HR, 0.21; 95% CI, 0.06—0.80)
after 3.7 years in patients who underwent rrBSO [45]. Based on these results, it can
be concluded that rrBSO is an effective preventive strategy, and in the absence of
other interventions with similar risk reductions in ovarian cancer and in ovarian
cancer-related mortality, it should continue to be offered as the standard of care for
women with BRCA mutations.

Preoperative Counseling

Despite the benefits derived from rrBSO in BRCA carriers, the decision to undergo
surgery and timing of such procedure involves complex, emotionally charged and
often life-changing decision making [9]. As such, the discussion with the patient
seeking consultation should address not only the benefits from undergoing the
procedure but also the risks of the procedure as well as the implications of ovarian
removal, particularly in younger women who will effectively go into a surgical
menopause as a result. Given the complexity of the discussion as well as the
possibility of an occult ovarian cancer diagnosis at the time of rrBSO, the NCCN
recommends for patients to seek consultation with a gynecologic oncologist [24].
The counseling should address all of the topics discussed in this chapter including:

1. Baseline lifetime cancer risks associated with the specific BRCA mutation that the
patient carries. The lifetime risks quoted should be adjusted to the patient’s age.

2. The likely disease course of ovarian cancer as well as how rtBSO is the most

effective intervention in BRCA carriers to prevent (and in some cases, detect)
ovarian cancer

. Reduction in ovarian cancer risk and breast cancer risk as a result of rrBSO.

4. Reduction in all-cause, ovarian cancer-related and breast cancer-related mor-
tality as a result of rrBSO.

5. Prevalence of occult ovarian cancers found during rfBSO as it relates to the
patient’s specific BRCA mutation. Discussion of this issue should also highlight
recommended timing for the surgery based on specific mutations and whether or
not the patient would be willing to undergo an ovarian cancer surgical staging
simultaneously or as an interval procedure if an occult malignancy was iden-
tified during rrBSO.

W

In addition, in pre-menopausal women, the discussion should address the
reproductive and medical implications of surgical menopause. Current guidelines
recommend that women undergo rrfBSO between the ages of 35-40 and upon
completion of childbearing. These recommendations can be especially distressing
for women who have yet to start or have not completed childbearing by the time
they learn they are a BRCA mutation carrier. These patients are faced with the
prospect of altering their reproductive plans as they pursue risk-reducing surgery
and most would prefer fertility preservation until they have completed childbearing
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[53]. Therefore, for women with BRCA mutations who have not fulfilled their
reproductive wishes by age 35, consultation with a reproductive endocrinologist
should be offered.

Women with BRCA mutations also have to face the prospect of passing their
mutation down to their children since it is inherited in an autosomal dominant
fashion. In addition to the fear of passing the gene to their offspring, they may also
worry about disclosing their carrier status to their current or future partners as it
could affect their relationship. Therefore, women should be offered the support of
specialists so that they are made aware of the different resources available to them
including counseling through therapists [14].

Unlike decisions about fertility preservation, all women who undergo rrBSO by
the recommended age go into an immediate surgical menopause and will deal with
consequences of estrogen deficiency. Over 80% of women will experience vaso-
motor symptoms as a result of menopause [54, 55], including night sweats and hot
flashes. Other symptoms include sleep disturbances, depression, and vaginal dry-
ness [55]. Vaginal dryness can be a major source of dyspareunia and may subse-
quently lead to sexual dysfunction. The long-term side effects of premature
menopause have been well characterized in the general population and include
increased risks of osteoporosis and cardiovascular disease. Both of these side effects
should be discussed with the patient as part of their preoperative counseling and
consenting process.

Increased bone loss is a direct result of decreased circulating levels of estrogen in
women who go through surgical menopause. Bone mineral density has been shown
to decrease by as much as 6.7% at 12 months in women who undergo
pre-menopausal oophorectomies [56]. Consequently, oophorectomy before the age
of 45 years has been associated with an increased prevalence of osteoporosis within
6 years of surgery. The risk for fracture is also substantially increased in women
who undergo oophorectomy prior to age 45 years (OR, 3.64; 95% CI: 1.01-13.04)
compared with women who undergo surgery after age 45 years [57, 58]. Therefore,
during their preoperative counseling, patients should be advised about this risk and
proper follow-up should be arranged once patients undergo rrBSO.

Bilateral oophorectomy has also been associated with increased risk of car-
diovascular disease in several observational studies. In the Nurses Health Study,
after controlling for age and cigarette smoking, women who underwent bilateral
oophorectomy had an increased risk of cardiovascular disease compared with
women with intact ovaries (Rate Ratio, 2.2; 95% CI: 1.2-4.2) [59]. Similarly, the
Mayo Clinic Cohort of Oophorectomy and Aging showed that women who
underwent bilateral oophorectomy before the age of 45 years experienced increased
mortality due to cardiovascular disease. (HR, 1.44; 95% CI: 1.01-2.05) [57, 60].
This increased risk is also secondary to estrogen deficiency, and the pathophysi-
ology appears to be mediated in part by menopause-related changes in lipid profile,
including higher levels of low-density lipoprotein (LDL) as well as a possible
decline in the protective effect of high-density lipoprotein (HDL) [61, 62].
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Surgical Planning

In patients with BRCA mutations, risk-reducing salpingo-oophorectomy involves
complete removal of the fallopian tubes and ovaries. The surgery may be performed
either via laparotomy or laparoscopy. However, a laparoscopic approach (with or
without robotic assistance) is preferred given the benefits of laparoscopic surgery
including reductions in recovery time and hospital stay [63—65]. As opposed to
laparotomy, laparoscopic salpingo-oophorectomy is considered an outpatient pro-
cedure. In addition, compared to laparotomy, laparoscopic surgery is associated
with less postoperative pain and postoperative complications [65].

Intraoperatively, once access has been gained into the abdomen, peritoneal
washings should be obtained. Although the sensitivity, specificity, and prognostic
values of positive lavage cytology have not been determined, washings are part of
the current International Federation of Gynecology and Obstetrics (FIGO) staging
system for ovarian cancer and should be collected in these patients to assist with
staging if an occult ovarian cancer is identified. Multiple small series of patients
undergoing rfBSO have reported finding positive peritoneal washings in several
women diagnosed with an occult ovarian or fallopian tube malignancy at the time of
their surgery [66—68]. Inspection of the surfaces of the diaphragm, upper abdomen,
paracolic gutters, and then pelvis should then be performed, and any lesions that
appear suspicious should be biopsied [14]. The pelvic retroperitoneum should then
be accessed to visualize the ureter and isolate the infundibulopelvic ligament before
transection. All ovarian tissue should be removed along with any adhesions
between the ovary and other peritoneal structures to ensure that no residual ovarian
cells remain attached to the peritoneal surface. The ovarian vessels should be
clamped and transected at least 2 cm proximal to the ovary, and preferably at the
pelvic brim, to avoid leaving any ovarian tissue behind [69-71].

The fallopian tube should also be removed in its entirety with the exception of
the interstitial portion of the fallopian tube as there have been no reports of
malignant transformation in the tubal remnant after rrBSO [72]. However, clini-
copathologic studies have found evidence of malignancy in all remaining portions
of the fallopian tube [73]. In a series of 122 BRCA-positive women undergoing
rBSO, five of the seven occult malignancies diagnosed originated in the fimbrial
portion of the fallopian tube [32]. Furthermore, the tubal fimbria is the site where
noninvasive tubal intraepithelial carcinomas have been discovered, and these
lesions may represent a precursor of invasive ovarian cancer [32]. Because of this, a
special pathologic evaluation should be requested, which involves the entire
specimen being serially micro-sectioned into 2- to 3-mm segments with particular
attention being paid to the fimbria [14, 32].
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Is There a Role for Hysterectomy at the Time of Risk-Reducing
Salpingo-Oophorectomy?

There are limited data to inform the risk of uterine carcinoma among BRCA carriers.
However, these data suggest that they are not at an overall increased risk. Shu et al.
reported on a cohort of 1083 women with a known deleterious BRCA mutation (627
BRCAI and 453 BRCA2) who underwent rrfBSO without hysterectomy between
1995 and 2011 [74]. With follow-up collected through October 2014, and compared
to data generated from the SEER database, there was no significantly increased risk
of uterine cancer identified with an incidence among BRCA carriers of 0.8% (ob-
served to expected [O:E] ratio,1.9; 95% CI 0.8-3.7).

Although the risk of uterine cancer overall is not increased, some have raised
concerns that the risk of uterine serous carcinoma (USC) is increased. However, the
data on this topic are conflicting. Two case series including only women of
Ashkenazi Jewish descent reported a 27 and 15% rate of BRCA mutations in
patients with USC compared with a 2.0% rate in the general Ashkenazi Jewish
population [75, 76]. In addition, a case series of the general population found a 2%
rate of BRCA mutation in USC patients compared with a background rate of 0.6%
[77]. Finally, five of the BRCA mutation carriers in the report by Shu et al. had
serous (or serous-like) endometrial carcinomas, for an overall incidence of 0.4%.
Compared to the SEER database, however, the risk was found to be elevated
significantly among BRCAI carriers (O:E ratio, 22.2; 95% CI 6.1-56.9) but not
BRCAZ2 carriers (O:E ratio, 6.4; 95% CI 0.2-35.5) [74]. However, other data that
reported the genetic testing results of 56 women with serous endometrial carcinoma
found no women participants with BRCA mutations [78]. Taken together, while the
overall risk of endometrial carcinoma is not increased, and while some data suggest
the risk of USC is greatly increased among BRCAI carriers specifically, we note
that the overall incidence of USC is low even among this subgroup. Therefore, we
conclude that a hysterectomy at the time of rrBSO should not be recommended as a
way to prevent the development of uterine carcinoma.

Nevertheless, there are specific situations in which performing a concomitant
hysterectomy at the time of rrfBSO may offer some benefit to individual patients.
Women with Lynch syndrome and those who will take tamoxifen or hormone
replacement therapy following their rrBSO should be offered a hysterectomy as part
of their risk-reducing surgery. Women with Lynch syndrome are at increased risk of
developing endometrial cancer, and a hysterectomy would decrease such risk [79].
Tamoxifen use is associated with a small risk of developing endometrial cancer;
therefore, women who are taking or will be taking tamoxifen as chemoprophylaxis
for breast cancer are also good candidates for a concurrent hysterectomy. Lastly,
women who are concerned about the genitourinary symptoms of menopause, which
include significant concerns about sexual health, may express interest in hormone
replacement therapy. For these patients, estrogen replacement should be strongly
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favored over combined estrogen—progesterone treatment, particularly given data
that the latter increases the risk of breast cancer in the general population [80-83].
Given the increased risk of endometrial cancer in patients taking estrogen therapy,
hysterectomy should be offered.

Outside of these scenarios, the concurrent performance of a hysterectomy can be
individualized to each patient. Preferably, the hysterectomy should also be per-
formed laparoscopically (with or without robotic assistance), and the patient should
be extensively counseled about the risks of hysterectomy compared to a rrBSO.
These risks include increased surgical morbidity as well as a more prolonged
recovery and the need for a short hospital stay.

Alternatives to Risk-Reducing Surgery
Ovarian Cancer Surveillance

Transvaginal ultrasound (TVUS) and CA-125 levels have a limited ability to detect
ovarian cancer at an early, more curable stage of disease. Therefore, patients should
be informed that there is no evidence that screening with these tests reduces
mortality or improves the survival associated with ovarian cancer in high-risk
populations [84]. However, given the high lifetime risk of these patients developing
ovarian cancer, the Society of Gynecologic Oncology (SGO) and the American
Congress of Obstetricians and Gynecologists (ACOG) recommend periodic
screening with CA-125 and TVUS every six months starting at age 30-35 years old
or 5-10 years before the age of first diagnosis in the family [84]. The NCCN
guidelines, however, do not endorse routine screening with these interventions, but
state that they may be considered starting at age 30-35 in women who choose to
delay rrBSO [24]. The consensus opinion is that rTBSO is the best option for these
patients and neither TVUS nor CA-125 should be considered reasonable
substitutes.

Salpingectomy Alone

The possibility that the fallopian tubes are the primary site of carcinogenesis in
BRCA mutation carriers has raised the question of whether bilateral salpingectomy
with delayed oophorectomy may be an option for pre-menopausal women wanting
to delay surgical menopause. Some trials have demonstrated that bilateral salp-
ingectomies are safe and feasible [85], and from the patient’s perspective, salp-
ingectomy appears to be an acceptable option [86]. Among more than 200 BRCA
carriers who had declined 1rBSO, 33% reported an interest in salpingectomy, and
most were willing to accept the need for interval oophorectomy [86]. However,
more data are needed regarding its efficacy in reducing the risk for ovarian cancer
before it can be recommend as an equivalent option, especially in women with
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BRCA mutations. In addition, BRCA carriers who undergo salpingectomy without
oophorectomy may not get the 50% reduction in breast cancer risk that has been
reported after rrBSO in this patient population. Because of this, the NCCN dis-
courages the use of salpingectomy alone outside of a clinical trial [24] and the SGO
position is that salpingectomy alone is not a substitute for oophorectomy; however,
it can be used in women who are done with childbearing but refuse rrBSO. In these
women, risk-reducing oophorectomy should still be performed as soon as the
woman is willing to accept menopause [25].

Chemoprevention

The use of oral contraceptive pills (OCPs) provides a significant protective effect
against the development of ovarian cancer in women with BRCA mutations. Two
meta-analyses have shown that OCPs are associated with ovarian cancer risk
reduction in BRCA carriers. Friebel et al. found this risk reduction to range from 33
to 80% for BRCAI and 58—63% for BRCA?2 carriers with at least 1 year of use [87].
Meanwhile, Todice et al. also showed a significant reduced risk of ovarian cancer
(RR 0.50, 95% CI 0.33-0.75); however, this study found the effect to be similar in
both BRCAI and BRCA2 mutation carriers [88]. In addition, the degree of reduction
appears to correlate with duration of OCPs use [88, 89].

Despite being clearly beneficial for ovarian cancer, multiple case—control studies
have reported conflicting outcomes, from decreased risk, to no change, to increased
risk of breast cancer with OCPs use [14]. The most concern stems from use of more
than 5 years’ therapy duration with formulations prior to 1975 [90]. However, in
the meta-analysis described above, there was no evidence of a significantly
increased breast cancer risk in oral contraceptive users overall, for users of current
formulations of oral contraceptives, or in the first 10 years after cessation of use
[88]. These risks should be discussed with patients; however, given the available
data, OCPs use is a reasonable option for women with a BRCA mutation who have
not undergone rrBSO and who are not trying to conceive.

Postoperative Care and Follow-up

Management of Symptoms and Long-Term Effects of Surgical
Menopause

The use of systemic hormone replacement therapy (HRT) in women with BRCA
mutations is controversial. On the one hand, menopausal symptoms that occur as a
result of rrBSO can be alleviated with HRT. In addition, HRT has been shown to
mitigate the risk of osteoporosis and fracture in women undergoing rrBSO [91, 92].
In contrast, given the increased risk of breast cancer in women with BRCA muta-
tions, it is uncertain whether the data regarding the use of HRT in the general
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menopausal population are applicable to this patient population. Nevertheless,
although high-quality data are not available, no studies to date have demonstrated
an increased risk of breast cancer with HRT in BRCA carriers who undergo rrBSO
prior to menopause [93-95]. In a prospective cohort of 462 women with germline
BRCA1/2 mutations, HRT of any type after rrBSO did not significantly alter the
reduction in breast cancer risk associated with the rrTBSO. The hazard ratio was 0.38
(95% CI, 0.09-1.59) for those who did not receive HRT versus 0.37 (95% CI, 0.14—
0.96) in those patients who received HRT after rrBSO [93].

The decision to treat women with HRT after a rrBSO should be individualized
and the patients made aware of the possible increased risk of breast cancer as well
as the lack of quality data. This conversation should be had in the preoperative
period because women who choose to be treated with HRT may benefit from
undergoing a hysterectomy at the time of the rTBSO. A hysterectomy would allow
for the patient to receive unopposed estrogen instead of combination
estrogen/progesterone therapy. As previously described, unopposed estrogen is
preferred because in postmenopausal women, it carries a smaller risk than combi-
nation HRT for the development of breast cancer. Hormonal therapy should also be
targeted to the specific symptom that the patient is experiencing, and even women
who choose to not undergo systemic HRT should be offered vaginal estrogen if they
are experiencing symptoms of vaginal atrophy such as vaginal dryness and dys-
pareunia. There are no data regarding the risk of breast cancer in high-risk women
treated with vaginal estrogen therapy. However, no increase in the risk of recur-
rence was found in 69 women with a history of breast cancer treated with vaginal
estrogen for an average of one year [96]. Of note, in patients who do not undergo
hysterectomy at the time of rrBSO and are treated with vaginal estrogen, a progestin
may not be necessary with a low dose of vaginal estrogen. However, a course of
progesterone once a month could be considered as a way to decrease the risk of
endometrial hyperplasia/cancer.

Lastly, given the increased risk of osteoporosis after rTBSO, women should be
counseled on use of calcium and vitamin D and incorporating weight-bearing
exercise into their routine. Screening with dual-energy X-ray absorptiometry
(DEXA) scans 2-3 years out from the time of rrTBSO should also be considered.

Risk of Primary Peritoneal Cancer in Women After Undergoing
Risk-Reducing Surgery

Women who undergo rBSO for a BRCA mutation should be counseled about the
risk of developing primary peritoneal carcinoma. Carcinoma of the peritoneum
refers to a neoplasm identical to serous carcinoma of the ovary, which involves the
peritoneal surfaces and develops in the presence or absence of ovarian tissue [97].
Studies looking at the likelihood of developing primary peritoneal carcinoma after
rBSO have quoted ranges between 0.5 and 10.7% for an average risk of 1.7% [69].
A larger prospective study including 1045 patients estimated a 4.3% cumulative
incidence of peritoneal carcinoma in BRCA carriers at 20 years after rTBSO [42].
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The risk appears to be highest in BRCAI carriers with a recent prospective study of
5783 BRCA carriers demonstrating a higher annual risk for BRCAI (0.20%) versus
BRCA?2 carriers (0.01%) [26]. Currently, there are no data to recommend routine
surveillance for primary peritoneal cancer in BRCA carriers following rrBSO.
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Introduction

Breast cancer is the most common malignancy in women. The American Cancer
Society (ACS) estimates that 246,660 women will develop invasive breast cancer and
there will be 40,450 deaths in the USA in 2016 [1]; worldwide, it is estimated that a
million women will develop breast cancer every year. Miki et al. estimated that 5—
10% of breast cancers are hereditary and are due to mutations in the high-penetrance
susceptibility genes BRCAI and BRCA?2 [2]. Similar findings have been reported by
other authors [3, 4]. Other genes associated with high risk of breast cancer include
p53 (in Li-Fraumeni syndrome) and PTEN (in Cowden’s syndrome). Several other
genes are associated with a small-to-moderate risk and include CHEK2, ATM, NBS1,
RADS51, BRIPI, and PALB2 [5-9].

BRCAI mutation is associated with breast and ovarian cancer, while BRCA2
mutations are associated with male breast cancer. BRCAI cancers usually occur in
young women. Approximately 48% of BRCAI cancers are diagnosed before age 40
compared to 23% for BRCA2 and 34% for controls. 82% of BRCAI-associated
cancers occur before age 50, compared to 65% for BRCA2 and 60% for controls
[10]. The proportion of BRCAI-related cancer ranges from 5.3% for women less
than 40 years of age, to 1.1% for women between ages 50 and 70 [11]. Women
with BRCAI and BRCA2 mutations carry an 80-87% risk of developing breast
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cancer by age 70 [12-14]. Likewise, they carry a risk of developing ovarian cancer
of 60 and 27%, respectively, by age 70 [14—16].

Identifying carriers by genetic analysis is the standard of care. Some patients
develop breast cancers of specific types at younger ages than the control population;
it is important to analyze the clinical and pathological characteristics to determine
whether some of these carriers can be identified based on these criteria.

Hwang et al. reported that familial breast cancer accounts for up to 20% of breast
cancer diagnosed in the USA, but fewer than 5% are attributable to mutations in
BRCAI or BRCA2 [17].

Treatment patterns of breast cancer, whether genetic or not, have strong ten-
dency toward targeted therapy. For example, patients with hormone
receptor-positive tumors will be treated with hormonal blockade (tamoxifen or
aromatase inhibitors) and those with overexpression/amplification of ERBB2
(Her2neu) with Her2-targeted agents such as trastuzumab and pertuzumab. To this
end, clinicians look for pathology information that will guide them on the best
treatment schemes. In this chapter, we will explore the pathology characteristics of
tumors occurring in patients that harbor the BRCAI/2 mutation.

Histopathology of Invasive Breast Carcinoma

Some tumor types have been reported with more frequency in association with
hereditary breast cancer such as invasive ductal carcinoma (IDC) of NST, lobular
carcinoma, medullary carcinoma, and tubular carcinoma [18-23]. The basic
pathologic features of these tumors will be described below.

The classification of breast cancers used in clinical practice today is based on
histopathologic features. Molecular classification through gene profiling is being
used more frequently but not routinely in clinical practice; the molecular groups
include luminal A, luminal B, normal breast-like, Her2-like, and Basal-like [24—
28]. Gene expression profiling is not practical for daily use; however, the use of
immunohistochemistry has allowed us to classify most lesions and place them into
the groups mentioned above. For example, luminal A breast cancers are estrogen
receptor (ER)-positive and most are progesterone receptor (PR)-positive (97 and
68%, respectively) [29] and Her2neu-negative with a low proliferative rate
(Ki67 < 14%). Likewise, luminal B tumors are ER- and PR-positive (97 and 61%,
respectively) [29] and Her2neu-negative or Her2neu-positive but with a high pro-
liferative rate (Ki67 > 14%). Basal cancers are generally ER-, PR-, and
Her2neu-negative and express basal cytokeratins (CK5/6, CK14), smooth muscle
actin, caveolin-1, P-cadherin, and EGFR among other markers. The triple-negative
group has significant overlap with the basal group. Medullary carcinomas and
salivary gland-like tumors such as acinic cell carcinoma and adenoid cystic carci-
nomas fall in this category. Not all basal-like cancers determined by gene
expression profiling are triple-negative by IHC, and not all triple-negative cancers
are basal-like by gene expression. Bertucci et al. [30] showed that only 71% of



6 Pathology of BRCA Tumors 91

Table 6.1 Histologic grading of invasive carcinoma

One point Two points Three points
Tubules >75% 10-75% <10%
Nuclear Uniform, small nuclei Moderate Marked pleomorphism,
pleomorphism  with uniform staining pleomorphism  hyperchromasia, and distinct
nucleoli
Mitosis 0-8/10 hpf’s 9-17/10 hpf’s >18/10 hpf’s

hpf’s: high power fields. Number of mitosis depends on microscopic field size. The ranges listed
here are for a field diameter of 0.55 mm (Olympus BX series). For a detailed list of mitotic counts
from field diameter of 0.40 to 0.69 see the WHO Classification of Tumours of the Breast 4th Ed.
[34]

Fig. 6.1 40x magnification of a low-grade invasive ductal carcinoma with >75% tubule formation seen
as tumor nests with open lumina, relatively uniform nuclei, and lack of mitotic activity (0-8 per 10 high
power fields (hpf’s)). Basement membrane is absent in these structures as proven by smooth muscle
myosin heavy chain, p63, etc. A specific marker for determining the presence or absence of this structure

triple-negative cancers were basal-like by gene expression profiling and conversely
only 77% basal-like tumors by gene profiling were triple-negative by IHC. Others
have shown similar results [31, 32]. Lastly, Her2neu enriched are those lesions that
overexpress ERBB2 (Her2neu) and do not express luminal markers.

Histologic grading of invasive carcinomas is done using the Nottingham com-
bined histologic grade system [33], also known as modified Bloom Richardson
scoring system. Three factors are considered: tubule formation, nuclear pleomor-
phism, and mitotic activity (Table 6.1).

Each category is given a point value of 1-3 with 1 being the better
differentiated/lower grade and 3 the less differentiated/higher grade. The total
number of points is added up to arrive at the final score, which can be from a
minimum of 3 to a maximum of 9 points. A tumor with a score of 3-5 points is
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Fig. 6.2 20x magnification of an invasive ductal carcinoma of intermediate grade. Tubule
formation between 10 and 75%, nuclei are grade 2 with moderate pleomorphism and 9—17 mitotic
figures in 10 high power fields (hpfs)

considered low grade or well differentiated (Fig. 6.1), one with a score of 6 or 7
falls in the intermediate-grade group or moderately differentiated (Fig. 6.2), and
those with a score of 8-9 in the high-grade group or poorly differentiated (Fig. 6.3).
Histologic grade has been demonstrated to have prognostic significance [35].
BRCAI cancers tend to be of higher grade with grade 3 cancers reported in 66—
100% of patients [10, 19, 36-42].

Regarding hormone receptors and Her2neu expression, breast cancers in BRCA 1
carriers are more frequently ER-negative [36, 38, 43—46]. The same is true for PR
[36, 38, 43, 45, 46].

Invasive Ductal Carcinoma

The most frequent cancer seen in the female breast is IDC of NST, which accounts
for approximately 75% of all breast cancers. These tumors represent a heteroge-
neous population of cancers that lack specific features and therefore are designated
as no special type. Invasive ductal carcinoma of no special type have a large
diversity of histologic and cytologic patterns ranging from well-formed tubules with
open lumina to solid nests, from small to large nests, from low to high-grade nuclei,
from infiltrating and spiculated borders to pushing borders, from low to high mitotic
activity, from poor to rich lymphocytic infiltration, from rare to extensive lym-
phovascular invasion, from limited to extensive ductal carcinoma in situ in the
background (Fig. 6.4a—h). Likewise, the prognostic markers (ER, PR, and Her2neu)
vary significantly; approximately 80% of IDC NST express some degree of
estrogen receptor and approximately 15% overexpress Her2neu. In essence, the
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Fig. 6.3 40x magnification of a high grade invasive ductal carcinoma. Tumor grows in irregular
nests, and cells have high-grade nuclei with prominent nucleoli. Mitosis amount to more than 18 in
10 high power fields (hpfs)

diagnosis of IDC NST comprises a large number of morphologic and molecular
patterns that have few things in common. There are many other invasive carcinomas
that are classified, by convention, under the umbrella of the “ductal” lesions but
have special morphologic and molecular characteristics and are called IDC of
special type. Some of the lesions included in this group are tubular carcinoma,
medullary carcinoma, cribriform carcinoma, mucinous or colloid carcinoma,
invasive micropapillary carcinoma, adenoid cystic carcinoma, invasive papillary
carcinoma, apocrine carcinoma, inflammatory carcinoma, secretory carcinoma, and
others. These carcinomas of special types have a wide variety of molecular changes,
and their prognosis is significantly different. For example, patients with tubular
carcinomas will have a “favorable” type of prognosis with 20-year survival that
exceeds 95%, while micropapillary carcinomas have a tendency for early lym-
phovascular involvement and lymph node metastasis which results in a more
guarded prognosis. The special types are rarely encountered in the BRCA I-related
cancers, except for medullary cancers which are discussed later in this chapter.
Some of the special types have been reported in BRCA2 carriers.

Invasive Lobular Carcinoma

Invasive lobular carcinoma (ILC) accounts for 5—15% of all invasive breast cancers
[47]. These tumors can have different patterns of growth such as classic (Fig. 6.5),
alveolar (Fig. 6.6), solid (Fig. 6.7), pleomorphic (Fig. 6.8), signet ring (Fig. 6.9),
histiocytoid (Figs. 6.10 and 6.11). ILC is often multifocal or diffuse, can affect both
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Fig. 6.4 a Macroscopic appearance of a low-grade invasive carcinoma with spiculated borders.
This lesion is firm when compared to the surrounding tissues. This is an example of a low-grade
invasive ductal carcinoma of tubular type. b 10x magnification of the lesion is shown in Fig. 6.4a. It
represents a low-grade invasive ductal carcinoma. At 8 o’clock, there is an entrapped benign terminal
duct lobular unit (TDLU). The tumor grows by forming glands or tubules with open lumina, and the
stroma has a significant proliferation of fibroblasts that gives this tumor a firm consistency on
palpation. ¢ An invasive ductal carcinoma with infiltrative and irregular borders and involving the
skin which has been retracted by the fibrosis created by the tumor. This lesion is firm when compared
to the adjacent adipose tissue. This is an example of an infiltrating ductal cancer of no special type
(NST). d This is a whole mount of the case shown in Fig. 6.4c. The advantage of these large format
preparations is the ability to see margins and their relationship to the tumor. It allows for better
measurement of tumor size and excellent radiology correlation. e 10x magnification of a
photomicrograph from an invasive ductal carcinoma of intermediate grade. The tumor is growing in
solid irregular nests and only a few open tubules, and the nuclei are more pleomorphic and have more
mitoses. f An invasive ductal carcinoma with round and pushing borders. This tumor is also firm
when compared to the surrounding fat but has very well-defined borders. This is an example of a
cancer with medullary features. g Whole mount (large format histopathology) demonstrating the
well-defined borders of the lesion. This is an infiltrating carcinoma; however, it invades by pushing
the surrounding tissues with a well-demarcated border. Please note at 7 o’clock that there is a
“tongue” of tumor wondering into the surrounding fat. This area has features of IDC NST, while the
rest has medullary features. h 10x magnification microphotograph of an invasive ductal carcinoma of
high grade with solid nests of tumor, high-grade nuclei and more mitoses

breasts, and is often associated with lobular neoplasia in the background. The
classic variant, the most frequently seen, is characterized by small cells with round
nuclei, which sometimes can have signet ring differentiation. A dense eosinophilic
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Fig. 6.5 40x magnification of an invasive lobular carcinoma (ILC) with a classic pattern of
infiltration and low nuclear grade. The cells are small and arranged in a “single-file” style. Note
that the stroma has very little fibroblastic reaction and is mostly composed of dense collagenous
fibers

Fig. 6.6 40x magnification microphotograph of an “alveolar” variant of invasive lobular
carcinoma (ILC). The cells are very similar to those seen in the “classic” type, and they
demonstrate the cell separation (discohesion) that is characteristic of lobular lesions

droplet is sometimes present in the cytoplasm of these cells (Fig. 6.9). They form
single files of tumor cells that infiltrate the surrounding breast parenchyma without
eliciting a significant desmoplastic response; in fact, the background is often seen as
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Fig. 6.7 40x magnification microphotograph of a “solid” variant of invasive lobular carcinoma
(ILC). The cells are uniform and small, and they show the classic cell discohesion

Fig. 6.8 40x magnification photomicrograph of a “pleomorphic” variant of invasive lobular
carcinoma. The architectural pattern of infiltration can be classic, alveolar, or solid, but the nuclei

are larger and irregular (intermediate to high grade)

dense collagen with little fibroblastic reaction. Frequently, the tumor cells infiltrate
discreetly around adipocytes and can form concentric rings around preexisting acini
(onion skin pattern). Mitotic activity is often low, and lymphovascular invasion is
rare. It tends to grow in a diffuse pattern, and often, it is difficult to determine
whether it is one lesion connected by thin strands or multiple lesions diffusely
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Fig. 6.9 40x magnification microphotograph of an invasive lobular carcinoma with cytoplasmic
vacuoles giving them a “signet ring” appearance. These cells also have the classic dense
eosinophilic droplets than can be seen some times in these lesions

Fig. 6.10 40x magnification microphotograph of an invasive lobular carcinoma that demonstrates
large amount of eosinophilic and somewhat “foamy” cytoplasm seen in the “histiocytoid” variant

involving the breast and not connecting with each other. Sometimes, they are also
seen as a single solid spiculated mass. At the molecular level, lobular lesions have
loss of expression of the adhesive molecule epithelial cadherin (E-Cadherin), which
results in the classic non-cohesive appearance microscopically. The E-Cadherin
gene is located in chromosome 16; lack of expression is due to loss of
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Fig. 6.11 40x magnification. Gross cystic disease fluid protein (GCDFP-15) immunostain.
Histiocytoid and apocrine lesions usually stain very intensely with this marker

heterozygosity in 16q22.1 and mutation or methylation of the CDHI promoter.
Loss of E-Cadherin is easily identified by immunohistochemistry (IHC). However,
approximately 15% of lobular carcinomas express E-Cadherin [48, 49]. In cases
where the histology is classic for lobular carcinoma and the E-Cadherin is positive,
histology overrules IHC and the case is considered ILC with aberrant E-Cadherin
staining. The solid and alveolar variants have similar cells to the classic type. The
architecture is different. The alveolar variant (Fig. 6.6) grows in small rounded
nests of cells surrounded by a thin fibrovascular layer. Lack of cell cohesion is also
a feature in this variant. Solid variant (Fig. 6.7) grows in a confluent solid sheet of
tumor cells with no stroma; in addition to having the same cytology as the classic
variant, poor cell cohesion is also a feature. The pleomorphic variant (Fig. 6.8) of
lobular carcinoma grows mostly in a “classic” pattern, but the cells have nuclear
enlargement and variability in shape and staining quality. These tumors tend to be
of higher grade, and while they have most of the genetic alteration seen in classic
ILC, they can have a larger number of changes. Some pleomorphic lesions can
overexpress Her2neu. The literature is confusing because many authors have
combined immunohistochemical results of 2+ and 3+ as positive for overexpression
leading to a positive rate between 40 and 80% [50-52]. We know, however, that the
majority of Her2neu cases with a score of 2+ by IHC will not be amplified by FISH
(64%) [53]. Classic forms of lobular carcinoma are rarely Her2neu-positive.
However, Her2neu overexpression/amplification can be associated with pleomor-
phic lesions [54-56]. When only a score of 3+ by immunohistochemistry is con-
sidered a positive result, the number of cases classified as having overexpression
drops significantly with some series reporting as low as 8% [57]. The histiocytoid
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variant (Fig. 6.10) falls in the category of pleomorphic lesions and has cells with
abundant eosinophilic cytoplasm which stain strongly with GCDFP-15 (Fig. 6.11),
a marker for apocrine/histiocytoid cell differentiation.

Medullary Carcinoma

Medullary carcinomas are uncommon tumors in the general population accounting
for less than 1% of all invasive breast carcinomas. The original criteria were
established by Ridolfi et al. [58] who showed better clinical outcomes at 10 years.
These tumors have a well-defined rounded appearance and soft consistency on gross
examination (Fig. 6.12). The classic histopathologic features include prominent
lymphoplasmacytic infiltration, syncytial growth pattern in more than 75% of the
tumor, pushing borders, and grade 2-3 nuclei (Fig. 6.13a, b). Tumors with some but
not all of the features described in the original paper have been called atypical
medullary carcinomas or invasive carcinoma with medullary features (Fig. 6.14a, b).
Metaplastic changes may be seen, particularly squamous metaplasia. Because
reproducibility has been a significant problem with these lesions, the WHO proposed
to combine all “variants” into one category called carcinoma with medullary features
[59]. These tumors are seen in younger patients and have been strongly associated
with patients under age 50 that have BRCAI germline mutation. They are usually
ER- and PR-negative and do not have overexpression/amplification of Her2neu. By
molecular studies, they fall into the basal group and express basal cytokeratins
(CK5/6, CK14, and CK17) as well as epidermal growth factor receptor (EGFR). The
good prognosis of medullary carcinoma has been associated in part to the prominent
lymphoplasmacytic infiltration.

PO T T T

Fig. 6.12 Macroscopic image of a medullary cancer. These lesions are soft and well
circumscribed
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Fig. 6.13 a 4x magnification of a medullary cancer with well-defined, pushing borders, a
syncytial pattern of growth and prominent lymphoid component. b 40x magnification micropho-
tograph of a medullary carcinoma. These tumors have high-grade nuclei with prominent nucleoli
and a significant lymphocytic component

Fig. 6.14 a 4x magnification of an invasive ductal carcinoma with medullary features. Note the
well-circumscribed border and the prominent lymphoid component. b This lesion has also
high-grade nuclei but has tongues of infiltrating ductal carcinoma like the ones seen in IDC NST.
The new WHO classification includes all these lesions under the category of invasive carcinoma
with medullary features [59]

Tubular Carcinoma

Tubular carcinoma accounted for less than 4% of invasive breast carcinomas before
the mammographic era but has become more prevalent with the use of screening
mammography [60]. They are a low-grade invasive ductal lesion characterized by
the formation of small glands with low- to intermediate-grade nuclei and open
lumina (Fig. 6.4a, b). The glands are usually oval and often exhibit angulated
shapes and grow in a haphazard fashion; the cells can have apocrine snouts. In the
past, these classic glands with open lumina were required to be present in >75% of
the tumor to be classified as pure tubular carcinomas [61, 62]. However, more
recently the WHO classification suggests that they have to be present in >90% of
the tumor in order to use the term of tubular carcinoma [60]. Tubular carcinomas
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are almost always ER- and PR-positive and Her2neu-negative and fall within the
luminal A group. The prognosis of this tumor is excellent and thus is important to
apply the recommended criteria to distinguish them from an IDC NST of low grade
which will not have as good a prognosis. Lymph node metastases are rarely seen in
tubular carcinomas (average of 10%, range 0-22%), [60], and when they occur,
lymph node metastases are usually limited to one or two nodes [63].

The remainder of the special types of invasive carcinoma include colloid, ade-
noid cystic, cribriform, papillary. These do not have a significant association with
BRCA1/2 and therefore will not be discussed in this chapter.

Triple-Negative Breast Cancer

Triple-negative breast cancer (TNBC) is defined as a tumor that does not express
estrogen receptor, progesterone receptor, or Her2neu protein. Approximately 10—
20% of all breast cancers are TNBC [64, 65]. TNBC occur more frequently in
younger women and are usually higher grade [66, 67]. Patients with TNBC have a
worse prognosis [65, 68]. Tumors that have a triple-negative phenotype by IHC
represent a heterogeneous group of breast cancers; when they are studied by gene
profiling, only 71% fall into the basal-like group [30]. Conversely, only 77% of the
basal-like tumors classified by gene profiling are triple-negative by IHC. Other
authors have shown similar results [31, 32].

Histopathology of BRCAT Tumors
General Comments

The most frequent cancer seen in this group of patients is invasive ductal carcinoma
(74%). Some but not all BRCAI tumors have distinct pathologic features such as
more triple-negative breast cancers (TNBC) and higher nuclear grade tumors than
the general population. In contrast, BRCA2 tumors have pathologic features that are
similar to cancers seen in non-carriers. BRCAI-related cancers occur in younger
patients; according to Lakhani et al., 48% occur before the age of 40 [10]. Lakhani
compared some histologic features seen in BRCAI and BRCA2 and found that
BRCAI carriers had significantly greater scores for mitotic count, lymphocytic
infiltrate, continuous pushing margins, solid sheets of cells, and necrosis [21]. Other
authors have reported well-defined borders, a prominent lymphoplasmacytic infil-
trate, and more lymphovascular involvement [69]. Eerola et al. [70] reported that
the classic features associated with BRCAI-related cancers (high grade, negative
ER/PR, and positive P53) are limited to patients under age 50. Cancers found in
BRCAI patients older than 50 differed only in grade from tumors in non-BRCA1/2
patients.
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Table 6.2 Major histologic types seen in BRCA carriers [10, 70, 71, 74]

IDC NST (%) ILC (%) Medullary (%)
BRCAI BRCA2 Control BRCAI BRCA2 Control BRCAI BRCA2 Control

Lakhani 74 76 74 10 10 13 3 2
et al. [10]

Mavaddat | 80 83 2.2 8.4 9.4 2.2

et al. [71]

Lakhani 78 77 9 11 2

et al. [74]

Eerola 72.5 62.7 67.1 15.7 28.8 19.7 9.8 - 2.9
et al. [70]

IDC NST Invasive ductal carcinoma of no specific type; ILC Invasive lobular carcinoma

Series showing similar numbers of IDC NST in both BRCAI and BRCA2 and an increase in the
number of lobular carcinomas in BRCA2 carrier cancers and an increase in medullary carcinomas

in BRCAI carriers. When broken by age, the medullary cancers occur in the group under age 50
(see Table 6.3)

Table 6.3 Relationship of age to histopathologic features in BRCAI and BRCA2 carriers

BRCAI BRCA2 Non-BRCA1/2

Age <50 Age >50  Age <50 Age >50  Age <50 Age >50

(%) (%) (%) (%) (%) (%)
Ductal 70.6 76.5 54.3 75 58.6 72.3
Lobular 14.7 17.6 343 20.8 25.9 16.0
Medullary | 14.7 34 1.1
Grade 3 84.4 47.1 233 31.8 17.3 233

Relationship of patient’s age to major histologic types and grade. Not a significant difference in the
incidence of invasive ductal cancers. There appears to be a slight increase incidence of lobular
carcinomas in BRCA2 under age 50. Medullary carcinomas appear to have their higher frequency
in patient’s under age 50 in the BRCAI group. Modified from Eerola et al. [70]

Histologic Types

The majority of cancers occurring in BRCAI carriers are IDC NST (74-80%),
similar to BRCA2 cancers (76-83%) [10, 71]. However, the proportion of ILC is
higher in BRCA?2 carriers (8.4-10%) than in BRCAI (2.2-3%) (Table 6.2).

There are many reports in the literature indicating that there are more medullary
cancers in BRCAI than BRCA2 carriers (Table 6.2). These are overrepresented in
BRCA I-related cancers [19, 21, 72-75]. Using multivariate analysis, the features
that characterize BRCAI cancers include pushing borders, lymphocytic infiltration,
and high mitotic activity; many of these cancers are not necessarily the classic
medullary but medullary-like as defined by the WHO. On the other hand, BRCA2
cancers were shown to have pushing borders and poor tubule formation [21]. When
age is analyzed, the increased incidence of medullary cancers is only seen in
patients <50 years of age and not in those older than 50 [70]. Table 6.3 shows the
relationship between histopathologic features and age for BRCAI and BRCA2
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carriers as reported by Eerola et al. [70]. ER/Her2neu-negative phenotype is
associated with the presence of necrosis [76]. Areas of necrosis are more frequent in
BRCAI-associated cancers than in sporadic breast cancers [21, 77]. This phenotype
has also been associated with medullary-like histologic patterns [78, 79].

Histologic Grade

Both BRCAI and BRCA2 cancers tend to be higher grade than sporadic breast
cancers. BRCAI tumors grow in solid nests and do not form tubules with open
lumina, have high-grade nuclei with prominent pleomorphism, more frequently
have high mitotic count and necrosis, all suggesting a more aggressive lesion [19,
21, 22, 75]. The CIMBA report [71], an international collaboration with 37 groups
from 20 countries including 3797 BRCAI carriers, also shows that BRCAI-related
tumors are of higher grade and with higher mitotic counts than age-matched con-
trols. This group has also demonstrated that grade decreases with increasing age
[71].

When the three elements of the grading system were analyzed, pleomorphism
and increased mitotic activity were seen more often in BRCAI than BRCA2 tumors
[10].

High-grade lesions are also associated with ER-/Her2neu-negative phenotype, a
pattern seen frequently in BRCAI cancers [80]. Tumor size and lymph node status
are well-established parameters to judge prognosis in patients with breast cancer.
The correlation between size of tumor and positive lymph nodes has been well
documented [81-86]. This correlation is seen in BRCA2 carrier cancers but not in
BRCAI [87]. This lack of correlation is not due to small BRCAI cancers with
positive nodes but rather due to large BRCAI cancers with negative nodes.

Gene Profiling

Basal phenotype is found in approximately 15% of breast cancers [88]. Basal
phenotypes by IHC are ER- and Her2neu-negative. A distinct finding in these
lesions is the expression of complex keratins (CK 5/6, CK 14, CK 15, and CK 17)
which are present in the basal epithelium of the breast and other organs. A basal
phenotype is often seen in BRCAI-associated cancers [89]. In fact, most BRCAI-
associated carcinomas express basal or myoepithelial markers including caveolin 1
[90], CK5/6 and CK14 [91], vimentin and laminin [92], P-cadherin [93], and EGFR
[94, 95]. Other basal markers include smooth muscle actin, glial fibrillary acidic
protein, and calponin. Foulkes et al. [91] reported a basal-like phenotype (positive
CK5/6 by IHC) in 45% of non-BRCAI/2 carrier patients with ER-/
Her2neu-negative tumors. In contrast, they found an 88% positivity in patients with
ER-/Her2neu-negative tumors and BRCA1/2 mutation.
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Table 6.4 Relationship of patient’s age to receptors and Her2neu status

BRCAI BRCA2 Non-BRCA

Age-groups Age-groups Age-groups

<50 >50 <50 >50 <50 >50
ER-negative 83.3 25.0 20.6 52.6 29.3 25.6
PR-negative 90.3 69.2 353 80.0 31.0 54.4
Her2neu-negative 76.7 923 83.3 84.2 81.8 83.1

Expression of receptors are significantly different in patients diagnosed before or after age 50. ER-
and PR-negative cancers are seen more frequently in patients younger than 50 in the BRCAI
group. Interestingly, there is an increase in PR-negative tumors in patients over age 50 in the
BRCA?2 group. There is no significant change in the Her2neu status by age in any of the groups.
Modified from Eerola et al. [70]

Immunophenotype (ER/PR/Her2neu)

BRCAI and BRCA2 cancers are more likely to be ER-, PR-, and Her2neu-negative
and to be high grade [10, 21, 46, 70, 91, 96—100]. Some have estimated that 70—
90% of BRCAI-associated tumors are ER-/PR-negative compared to a 30% rate for
sporadic breast cancers [101], while BRCA2 cancers have an immunophenotype
similar to sporadic cancers (see below).

Eerolaetal. [70] reported a significant difference in ER and PR expression between
patients diagnosed before or after age 50 both in BRCAI- and in BRCA2-related
cancers. They found a higher incidence of negative results in those younger than 50 in
the BRCAI group and a higher incidence of negative results in those older than age 50
in the BRCA2 group (see Table 6.4). There were no significant differences with age in
the non-BRCA1/2 cancer group. Her2neu-negative results do not appear to be asso-
ciated with age. Her2neu overexpression rates are lower in BRCA-related tumors [44,
73,75, 77, 97]. Lakhani et al. [97] reported that 3% of BRCAI and BRCA2 cases are
Her2neu-positive, compared with 15% of sporadic breast cancers.

Triple-Negative Breast Cancers/Basal-like Features

TNBC have been reported by several authors to account for 50-88% of BRCAI-
related cancers [102—105]. TNBC are more common in BRCAI than BRCA2 car-
riers. In a population-based study with 1460 patients (ages 20-49), Lee et al.
reported that 48% of BRCA carriers had TNBC, compared with 12% in non-carriers
[67]. They found that 69% of Ashkenazi women with BRCAI mutation had TNBC,
while non-carrier Ashkenazi women had a similar proportion of TNBC (8%) as
other ethnic/religious groups (13%). A number of investigators have similarly
found that BRCA carriers have a higher incidence of triple-negative breast cancers
and a basal phenotype than BRCA2 carriers and non-mutation controls [71, 91, 99,
106].
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Non-BRCA carriers have similar percentages of TNBC to BRCA2 carriers.
Atchley reported TNBC in 57.1% of BRCAI, 23.3% of BRCA2, and 13.8% of non-
BRCA patients [46]. BRCAI tumors fall into the basal-like subgroup with
ER-negative, poor prognosis, and expression of basal markers. IHC studies have
shown that BRCAI cancers expressed basal markers, whereas BRCA2 tumors rarely
do this [39, 91, 93, 107-110]. P-Cadherin, also a basal marker, has been reported to
be increased in BRCAI cancers more frequently than in BRCA2 and sporadic cancers
[39, 93, 108]. SPARC, caveolin-1, and fascin are other basal markers that have been
reported more frequently in BRCAI cancers [90, 109]. BRCAI cancers have basal
phenotype, while BRCA2 carcinomas have immunohistochemical features of lumi-
nal phenotype [109]. There is more EGFR overexpression in BRCAI tumors [45, 91,
108, 110, 111], a feature that has been reported in basal-like cancers.

Tumor Protein 53 (P53)

TP53 (tumor protein 53) is a tumor suppressor gene located on chromosome
17p13.1. It is mutated in the Li-Fraumeni syndrome, an autosomal dominant
condition that predisposes to breast and other forms of cancer. P53 inhibits cell
cycle progression and facilitates apoptosis [112]. P53 mutations are seen in 20—
40% of sporadic breast cancers. This mutation has been reported more often in
BRCAI cancers [37, 39, 97, 113] than in BRCA2 cancers. Approximately 30-77%
of BRCAI cancers have P53 protein expression by immunohistochemistry com-
pared to 20-63% of BRCA?2 cancers [37, 39, 40, 75, 97, 99, 113, 114] and 20% of
the control population. P53 mutations are often associated with higher histologic
grade, increased mitotic activity, and worse clinical behavior [112, 115].

Premalignant Lesions/Prophylactic Mastectomy

Premalignant lesions in prophylactic mastectomies of BRCAI mutation carriers
include an increased incidence of DCIS [116—118], LCIS [116], and atypical ductal
(ADH) and lobular hyperplasia (ALH) [116-119]. The lymphoplasmacytic infiltrate
seen in invasive tumors of BRCAI carriers is also seen in association with DCIS and
within normal terminal ductal lobular units with T-cell lobulitis [119]. Hoogerbrugge
etal. [116] reported a 57% incidence of atypical lesions (ALH 37%, LCIS 25%, ADH
39%, and DCIS 15%) in BRCA carriers. These lesions were seen more frequently in
women older than 40 years and less frequently in patients who had oophorectomy.
Kauff et al. [118] reported similar findings (ALH 13%, LCIS 4%, ADH 38%, and
DCIS 13%); they also reported columnar cell change in 33% and sclerosing adenosis
in 38%. Benign and non-atypical lesions such as cyst formation (83%), apocrine
metaplasia (63%), and fibroadenomatoid change (46%) were prevalent but did not
occur in frequencies that were significantly different than controls. Benign and
non-atypical changes such as usual ductal hyperplasia, fibroadenomas, and lobulitis
have also been described in increased numbers in carriers [119]. Lobulitis was defined
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as 100 or more lymphocytes or plasma cells in a lobule and was seen in 51% of carriers
versus 10% of controls; other atypical lesions were found in 12% of carriers’ pro-
phylactic mastectomies versus 1% for non-carriers.

Other authors have reported fewer atypical and non-atypical lesions in pro-
phylactic mastectomies of BRCA carriers [120] than controls (proliferative fibro-
cystic change: 7% in carriers vs. 22% in controls, ADH: 4% in carriers vs. 2% in
controls, and lobular neoplasia: 0% in carriers vs. 7% in controls).

Claus et al. [121] has reported an increased prevalence of BRCAI (0.8%) and
BRCA2 (2.4%) mutation in patients diagnosed with DCIS.

Presence of DCIS in the Background

DCIS was reported as rare in BRCAI by some [17]. Lakhani et al. [10] in the Breast
Cancer Linkage Consortium reported that DCIS within invasive carcinoma was less
frequently seen in BRCAI and BRCA2 cancers than in the control group (41% vs.
52% vs. 56%, respectively). Similar results were reported later by Lakhani et al. [21].

Hwang et al. [17] found DCIS alone or with invasive tumor in 28% of BRCA
carriers versus 34% in high risk but non-carrier families. There was no difference in
the numbers of DCIS-only events in the carriers versus non-carriers. They also
found that high-grade DCIS was more frequent in BRCAI than BRCA2 carriers or
non-carriers (69, 40, 46%, respectively); furthermore, they found no low-grade
DCIS in mutation carriers.

Other authors have reported DCIS is less frequently seen around the invasive
cancer in BRCAI carriers than in controls [10, 122].

Proliferation, Apoptosis and Cell Cycle

BRCAI tumors tend to have high levels of Ki67 [39, 97] and caspase 3, but low
levels of BCL2 [39]. Caspase 3 activation is higher in high-grade and ER-negative
tumors [123] which have expression of ER similar to sporadic breast cancers. BCL2
and Cyclin D1 are ER-associated genes and therefore are expected to be and usually
are negative in BRCAI cancers [124, 125].

Cyclin D1 regulates progression from G1 to S phase in the cell cycle. Patients
with high levels of estrogen show overexpression of Cyclin D1. Osin et al. [126]
found 14% overexpression of Cyclin D1 in BRCAI/2 cancers versus 35-36% in
sporadic invasive and in situ ductal cancers.

p21 is a cyclin-dependent kinase inhibitor whose function is to block transition
from G1 to S phase and suppresses cell proliferation. Data from a number of clinical
studies are conflicting regarding p21 [112]. More recent studies suggest that p21
has an “antagonistic duality” inhibiting apoptosis (procancer), while having
anti-proliferative effects (anticancer) [127]. Proteins that promote cell cycle pro-
gression such as Cyclins E, A, and B1 are increased in BRCAI cancers [128—130].
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The transcription factor HIF-1 plays an important role in cellular response to
oxygen levels [131, 132]. Hypoxia induces overexpression of this protein in
patients with BRCAI tumors [133].

Molecular Genetics

BRCAI cancers have genetic changes very similar to sporadic basal-like cancers
[99, 134-136].

Clinical Implications

The histopathologic features combined with age at diagnosis can be strong indi-
cators for genetic testing. Therefore, the finding of a high grade an ER-negative
tumor in a patient younger than 35 years of age, suggests that she is a candidate for
BRCA mutation analysis [137].

Similarly, Young et al. [138] concluded that young women with a high-grade
triple-negative cancer and no family history of cancer may be candidates for genetic
testing. However, women with other histologic forms of cancer (e.g., ER-positive or
HER2-positive) and with no family history are unlikely to carry a mutation.

Even though it is mentioned in several portions of the text, it is important to
emphasize that the “classic” features described for BRCA I tumors are age related and
some of them are not seen as frequently in patients over the age of 55 [70, 99, 139].

Histopathology of BRCA2 Tumors
General Comments

BRCA2-associated tumors represent a more heterogeneous group of cancers than
BRCA1 without a specific immunophenotype. The most frequent cancer seen in this
group of patients is invasive ductal carcinoma (74%). While BRCAI tumors have
distinct pathologic features such as more TNBC and higher nuclear grade tumors
than the control population, BRCA2 tumors have pathologic features that are similar
to cancers seen in non-carriers.

Histologic Types

The majority of BRCA2 cancers are invasive ductal carcinomas [10]. An increase
incidence of lobular carcinomas, particularly invasive pleomorphic lesions, as well
as tubular and cribriform carcinomas has been reported by some [18, 19, 21-23,
75]. The Consortium of Investigators of Modifiers of BRCAI/2 [71] also found
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more lobular carcinomas in BRCA2 than BRCA] carriers (8.4% in BRCA2 vs. 2.2%
in BRCAI).

Several authors have failed to demonstrate a specific histologic subtype in this
group [10, 18, 21].

Eerola et al. [70] reported that invasive lobular carcinomas were slightly more
frequently seen in the younger BRCA2 (34.3% vs. 20.8%) (see Table 6.3).

On multivariate analysis, the features associated with BRCA2 cancers were
decreased tubule formation, lower mitotic rates, and pushing borders [21]. Because
of the histologic features described, BRCA cancers tend to be moderately to poorly
differentiated [10, 18, 37, 39].

Histologic Grade

BRCA2 tumors are more frequently intermediate- or high-grade tumors [18, 21,
37, 39].

Both BRCAI and BRCA?2 cancers tend to be higher grade than sporadic breast
cancers. While both BRCAI and BRCA2 tumors usually have no tubules, BRCAI
tumors more often have high-grade nuclei (prominent pleomorphism) and increased
mitotic activity, while BRCA2 cancers usually have less nuclear pleomorphism or
mitotic activity [21].

The Consortium of Investigators of Modifiers of BRCAI [71] reported that
BRCA?2 tumors were of higher grade than age-matched controls, but the grade did
not decrease with increasing age like it did in BRCAI. Similar to BRCAI cancers,
BRCA2 tumors more often have pushing borders when compared with controls
[20, 21].

Gene Profiling

When using gene expression profiles, most BRCA2 tumors are classified as luminal.
In contrast to BRCAI cancers, the BRCA2 tend to express luminal cytokeratins
(CK8, CK18) and not the basal ones expressed by BRCAI (CK5/6, CK14) [130].

Immunophenotype (ER/PR/Her2neu)

The immunophenotype of BRCA2 cancers is similar to sporadic breast cancers.
When compared to BRCAI cancers, they express more luminal markers and con-
sequently are more often positive for ER alpha and PR [18-20, 70, 75, 77, 91, 97];
BRCA2 cancers have ER- and PR-negative rates similar to sporadic breast cancers
[39, 77, 97, 108, 140, 141]. Mavaddat et al. [71] reported a decrease in the per-
centage of ER-/PR-positive tumors in BRCA2 carriers with increasing age, a phe-
nomenon that is opposite to that seen in BRCAI carriers. They observed that the
frequency of ER-negative tumors increased with age at cancer diagnosis; Her2
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status did not vary with age at cancer diagnosis. The proportion of TNBC increased
with age at cancer diagnosis. Grade 3 tumors were less likely to be ER-positive than
grade 1 tumors. Regarding morphology and receptors, Mavaddat et al. found more
ER-positive tumors in all morphologic types of BRCA2 carriers than BRCAI (IDC
T7% vs. 22%, ILC 88% vs. 57%, Medullary 48% vs. 11%).

For BRCA?2 cancers, Eerola et al. [70] reported that ER and PR negativity varied
with age (20.6% vs. 52.6% for ER and 35.3% vs. 80.0% for PR in the <50 and the
> 50 year old group, respectively). There were no significant differences with age
in the non-BRCA1/2 cancer group (see Table 6.4).

BRCA2 tumors are usually Her2neu-negative [39, 97, 142], and Her2neu
expression is equally low in BRCAI than BRCA2-related cancers [75, 77, 97].

Her2neu overexpression (3+) in BRCA1/2 cancers is lower than that seen in the
general population; the rates are 0-3.7% [39, 97].

Tumor Protein 53 (P53)

In BRCA2 cancers, the rates of positive P53 differ significantly between studies
with some reporting 20% positive IHC [39] and others up to 50% [97].

Crook et al. reported a positive P53 in 45% in BRCA2 patients compared with
77% in BRCAI patients and 35% in sporadic breast cancers [113].

Premalignant Lesions

The incidence of DCIS and LCIS in BRCA?2 patients is similar to the control
population; 52% versus 56% for DCIS and 3% versus 6% for LCIS, respectively
[10]; others have found similar results [143, 144]. Bane et al. [20] found DCIS in
71% of BRCA2 versus 69% in the control group.

Van der Groep et al. reported that the immunophenotype of accompanying DCIS
in BRCA?2 patients is the same as that seen in the invasive component [145].

Proliferation, Apoptosis, and Cell Cycle

According to some, BRCA2 cancers have similar expression of cell cycle proteins to
that seen in sporadic breast cancers [130]. However, Osin et al. [126] found 14%
overexpression of Cyclin D1 in BRCAI/2 cancers versus 35-36% in sporadic
invasive and in situ ductal cancers. Cyclin D1, a protein upregulated by estrogen, is
seen more often in BRCA2 than BRCAI cancers in series reported by Armes et al.
[77] and Palacios et al. [130].

BRCA2 tumors show overexpression of apoptosis markers such as BAX and
BCL2 [123, 146] confirming the correlation with ER-positive tumors. In one paper,
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there was more amplification of the c-myc gene in BRCAZ2 than BRCAI cancers
(62% vs. 18%) [39].

Molecular Genetics

The chromosomal gains and losses seen in BRCAI are different to those seen in
sporadic cancers, and the gains and losses seen in BRCA2 cancers are similar to the
sporadic ones [147-149].

DCIS in BRCA

Hwang et al. reported an equal prevalence of DCIS in BRCA carriers as in women
with a high family risk who are non-carriers (37% vs. 34%), but the age of pre-
sentation is earlier for carriers [17]. Also, they reported a higher incidence of
high-grade DCIS for carriers than non-carriers.

Yang et al. [150] reported the presence of DCIS in 80.2% of all invasive cancers.
The percentages of pure DCIS versus DCIS with the invasive component were very
similar for BRCAI and BRCA2 patients (21% vs. 63% for BRCAI and 23% vs. 61%
for BRCA2).They found the DCIS to be high grade and mostly solid with necrosis
and cribriform types. They found that the majority of the invasive and DCIS were
triple-negative in BRCAI cancers and ER-/PR-positive and Her2neu-negative for
BRCA?2 cancers. Even though the majority of BRCAI cancers were triple-negative,
they found tumors were ER- and PR-positive in 20.8% of DCIS-associated cases.

Non-BRCA1/2 Breast Cancers

These are believed to be associated with multiple low-penetrance genes. Even
though they are described to be of lower histologic grade than sporadic cancers,
their immunophenotype is very similar to sporadic cancers [39, 74, 75, 140].

Approximately 67-78% are invasive ductal carcinomas [39, 40, 74]. Invasive
lobular carcinoma was found in 15% of non-BRCA1/2 cancers [39, 74]. In com-
parison, ILC was seen only in 3% of BRCAI and 9% of BRCA2 cancers. Non-
BRCA1/2 cancers are lower grade with more tubule formation, less nuclear pleo-
morphism, and lower mitotic activity [39, 74]. Honrado’s group [140] demonstrated
by IHC that non-BRCA1/2 cancers may be classified into the 5 subgroups originally
described by expression profiling analysis [88, 89].

Acknowledgements This work would not have been possible without the help of Mrs. Elizabeth
Mason-Renteria from the MemorialCare library at Long Beach who helped me in obtaining most
of the papers used as references for this chapter.



6 Pathology of BRCA Tumors 111

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer J Clin. 2016;66:7-30.
. Miki Y, Swensen J, Shattuck-Eidens D, et al. A strong candidate for the breast and ovarian

cancer susceptibility gene BRCAI. Science. 1994;266:66-71.

. Wooster R, Bignell G, Lancaster J, et al. Identification of the breast cancer susceptibility

gene BRCA2. Nature. 1995;378:789-92.

. Rahman N, Scott RH. Cancer genes associated with phenotypes in monoallelic and biallelic

mutation carriers: new lessons from old players. Hum Mol Genet. 2007;16(Spec No. 1):
R60-6.

. McKinnon PJ. ATM and ataxia telangiectasia. EMBO Rep. 2004;5:772-6.
. Da Silva L, Lakhani SR. Pathology of hereditary breast cancer S49. Mod Pathol. 2010;23:

S46-51.

. Nevanlinna H, Bartek J. The CHEK2 gene and inherited breast cancer susceptibility.

Oncogene. 2006;25:5912-9.

. Rahman N, Seal S, Thompson D, et al. PALB2, which encodes a BRCA2-interacting protein,

is a breast cancer susceptibility gene. Nat Genet. 2007;39:165-7.

. Stratton MR, Rahman N. The emerging landscape of breast cancer susceptibility. Nat Genet.

2008;40:17-22.

Lakhani SR, Easton DF, Stratton FR, et al. Pathology of familial breast cancer: differences
between breast cancers in carriers of BRCAI or BRCA2 mutations and sporadic cases. Breast
cancer linkage consortium. Lancet. 1997;349:1505-10.

Ford D, Easton DF, Peto J. Estimates of the gene frequency of BRCAI and its contribution to
breast and ovarian cancer incidence. Am J Hum Genet. 1995;57:1457-62.

Easton DF, Narod SA, Ford D, et al. Letter to the editor; The genetic epidemiology of
BRCAI. Breast cancer linkage consortium. Lancet. 1994;344:761.

Ford D, Easton DF, Bishop DT, et al. Risks of cancer in BRCAI-mutation carriers: breast
cancer linkage consortium. Lancet. 1994;343:692-5.

Ford D, Easton DF, Stratton M, et al. Genetic heterogeneity and penetrance analysis of the
BRCAI and BRCA2 genes in breast cancer families: the breast cancer linkage consortium.
Am J Hum Genet. 1998;62:676-89.

Marroni F, Aretini P, D’Andrea E, et al. Penetrances of breast and ovarian cancer in a large
series of families tested for BRCA1/2 mutations. Eur J] Hum Genet. 2004;12:899-906.
Easton DF, Ford D, Bishop DT. Breast and ovarian cancer incidence in BRCAI-mutation
carriers. Breast cancer linkage consortium. Am J Hum Genet. 1995;56:265-71.

Hwang ES, Mclennan JL, Moore DH, et al. Ductal carcinoma in situ in BRCA mutation
carriers. J Clin Oncol. 2007;25:642-7.

Agnarsson BA, Jonasson JG, Bjornsdottir IB, et al. Inherited BRCA2 mutation associated
with high grade breast cancer. Breast Cancer Res Treat. 1998;47:121-7.

Armes JE, Egan AJ, Southey MC, et al. The histologic phenotypes of breast carcinoma
occurring before age 40 years in women with and without BRCAI or BRCA2 germline
mutations: a population-based study. Cancer. 1998;83:2335-45.

Bane AL, Beck JC, Bleiweiss I, et al. BRCA2 mutation-associated breast cancers exhibit a
distinguishing phenotype based on morphology and molecular profiles from tissue
microarrays. Am J Surg Pathol. 2007;31:121-8.

Lakhani SR, Jacquemier J, Sloane JP, et al. Multifactorial analysis of differences between
sporadic breast cancers and cancers involving BRCAI and BRCA2 mutations. J Natl Cancer
Inst. 1998;90:1138-45.

Marcus JN, Watson P, Page DL, et al. Hereditary breast cancer: pathobiology, prognosis,
and BRCAI and BRCA?2 gene linkage. Cancer. 1996;77:697-709.

Marcus JN, Watson P, Page DL, et al. BRCA2 hereditary breast cancer pathophenotype.
Breast Cancer Res Treat. 1997;44:275-7.



112

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

JA. Ibarra

Sorlie T, Perou CM, Tibshirani R, et al. Gene expression patterns of breast carcinomas
distinguishing tumor subclasses with clinical implications. Proc Natl Acad Sci USA.
2001;98(19):10869-74.

Brenton JD, Carey LA, Ahmed AA, et al. Molecular classification and molecular forecasting
of breast cancer: ready for clinical application? J Clin Oncol. 2005;23(29):7350-60.
Rakha EA, El Sayed ME, Reis-Filho JS, et al. Expression profiling technology: its
contribution to our understanding of breast cancer. Histopathol. 2008;52(1):67-81.

Parker JS, Mullins M, Cheang MC, et al. Supervised risk predictor of breast cancer based on
intrinsic subtypes. J Clin Oncol. 2009;27(8):1160-7.

Jones RL, Constantinidou A, Reis-Filho JS. Molecular classification of breast cancer. Surg
Pathol Clin. 2012;5(3):701-17.

Cheang MCU, Chia SK, Voduc D, et al. Ki67 index, HER2 status, and prognosis of patients
with luminal B breast cancer. J Natl Cancer Inst. 2009;101:736-50.

Bertucci F, Finetti P, Cervera N, et al. How basal are triple-negative breast cancers? Int J
Cancer. 2008;123:236-40.

de Ronde JJ, Hannemann J, Halfwerk H, et al. Concordance of clinical and molecular breast
cancer subtyping in the context of preoperative chemotherapy response. Breast Cancer Res
Treat. 2010;119:119-26.

Parker JS, Mullins M, Cheang MC, et al. Supervised risk predictor of breast cancer based on
intrinsic subtypes. J Clin Oncol. 2009;27:1160-7.

Elston CW, Ellis I0. Pathological prognostic factors in breast cancer. The value of
histological grade in breast cancer: experience from a large study with long-term follow
up. Histopathology. 1991;19(5):403-10.

Ellis IO, Reis-Filho JS, Simpson JF, et al. Grading chapter. In: Lakhani S, Ellis IO, Schnitt
etal., editors. WHO classification of tumours of the breast. Lyon: IARC Press; 2012. p. 19-20.
Rakha EA, Reis-Filho JS, Baehner, et al. Breast cancer prognostic classification in the
molecular era: the role of histological grade. Breast Cancer Res. 2010;12(4):207-218.
Johannsson OT, Idvall I, Anderson C, et al. Tumour biological features of BRCAI-induced
breast and ovarian cancer. Eur J Cancer. 1997;33:362-71.

Lynch BJ, Holden JA, Buys SS, et al. Pathobiologic characteristics of hereditary breast
cancer. Hum Pathol. 1998;29:1140-4.

Karp SE, Tonin PN, Begin LR, et al. Influence of BRCAI mutations on nuclear grade and
estrogen receptor status of breast carcinoma in Ashkenazi Jewish women. Cancer.
1997;80:435-41.

Palacios J, Honrado E, Osorio A, et al. Immunohistochemical characteristics defined by
tissue microarray of hereditary breast cancer not attributable to BRCAI or BRCA2 mutations:
differences from breast carcinomas arising in BRCAI and BRCA2 mutation carriers. Clin
Cancer Res. 2003;9:3606-14.

Eerola H, Heikkila P, Tamminen A, et al. Histopathological features of breast tumours in
BRCAI, BRCA2 and mutation-negative breast cancer families. Breast Cancer Res. 2005;7:
R93-100.

Eisinger F, Nogues C, Guinebretiere JM, et al. Novel indications for BRCAI screening using
individual clinical and morphological features. Int J Cancer. 1999;84:263-7.

Chappuis PO, Nethercot V, Foulkes WD. Clinico-pathological characteristics of BRCAI-
and BRCA2-related breast cancer. Semin Surg Oncol. 2000;18:287-95.

Loman N, Johannsson O, Bendahl PO, et al. Steroid receptors in hereditary breast
carcinomas associated with BRCAI or BRCA2 mutations or unknown susceptibility genes.
Cancer. 1998;83:310-9.

Noguchi S, Kasugai T, Miki Y, et al. Clinicopathologic analysis of BRCAI- or BRCA2-
associated hereditary breast carcinoma in Japanese women. Cancer. 1999;85:2200-5.

van der Groep P, Bouter A, van der Zanden R, et al. Distinction between hereditary and
sporadic breast cancer on the basis of clinicopathological data. J Clin Pathol. 2006;59:611-7.



6 Pathology of BRCA Tumors 113

46

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Atchley DA. Clinical and pathologic characteristics of patients With BRCA-positive and
BRCA-negative breast cancer. J Clin Oncol. 2008;26:4282-8.

Lakhani S, Rakha E, Simpson PT. Invasive lobular carcinoma. In: Lakhani S, Ellis IO,
Schnitt, et al., editors. WHO classification of tumours of the breast. Lyon: IARC Press; 2012.
p. 40-2.

DaSilva L, Parry S, Reid L, et al. Aberrant expression of E-Cadherin in lobular carcinomas
of the breast. Am J Surg Pathol. 2008;32(5):773-83.

Rakha EA, Patel A, Powe DG, et al. Clinical and biological significance of E-Cadherin
protein expression in invasive lobular carcinoma of the breast. Am J Surg Pathol. 2010;34
(10):1472-9.

Manucha V, Khilko N, Reilly K, Zhang X. Invasive pleomorphic lobular carcinoma,
negative for ER, PR and Her/2neu—a case report. Int J Clin Exp Pathol. 2011;4(2):200-5.
Palacios J, Sarrio D, Garcia-Macias MC, et al. Frequent E-cadherin gene inactivation by loss
of heterozygosity in pleomorphic lobular carcinoma of the breast. Mod Pathol. 2003;16
(7):674-8.

Moe RE, Anderson BO. Distinctive biology of pleomorphic lobular carcinoma of the breast.
J Surg Oncol. 2005;90(2):47-50.

Ridolfi RL, Jamehdor MR, Arber JM. HER-2/neu testing in breast carcinoma: a combined
immunohistochemical and fluorescence in situ hybridization approach. Mod Pathol. 2000;13
(8):866-73.

Hoff ER, Tubbs RR, Myles JL, et al. HER2/neu amplification in breast cancer: stratification
by tumor type and grade. Am J Clin Pathol. 2002;117:916-21.

Lal P, Tan LK, Chen B. Correlation of HER-2 status with estrogen and progesterone
receptors and histologic features in 3655 invasive breast carcinomas. Am J Clin Pathol.
2005;123:541-6.

Porter PL, Garcia R, Moe R, et al. C-erbB-2 oncogene protein in in situ and invasive lobular
breast neoplasia. Cancer. 1991;68:331-4.

Frolik D, Caduff R, Varga Z. Pleomorphic lobular carcinoma of the breast: its cell kinetics,
expression of oncogenes and tumour suppressor genes compared with invasive ductal
carcinomas and classical infiltrating lobular carcinomas. Histopathology. 2001;39(5):503-13.
Ridolfi RL, Rosen PP, Port A, et al. Medullary carcinoma of the breast: a clinicopathologic
study with 10 year follow up. Cancer. 1977;40:1365-85.

Jacquemier J, Reis-Filho, Lakhani SR, et al. Carcinomas with medullary features. In
Lakhani S, Ellis 10, Schnitt, et al. WHO classification of tumors of the breast. Lyon: IARC
Press; 2012. p. 46-7.

Rakha E, Pinder SE, Shin SJ, et al. Invasive tubular carcinoma. In: Lakhani S, Ellis IO,
Schnitt, et al., editors. WHO classification of tumors of the breast. Lyon: IARC Press; 2012.
p. 43-5.

Peters GN, Wolft M, Haagensen CD. Tubular carcinoma of the breast. Clinical pathologic
correlations based on 100 cases. Ann Surg. 1981;193:138—49.

Carstens PH, Greenberg RA, Francis D, Lyon H. Tubular carcinoma of the breast. A long
term follow-up. Histopathology. 1985;9:271-80.

Sullivan T, Raad RA, Goldberg S, et al. Tubular carcinoma of the breast: a retrospective
analysis and review of the literature. Breast Cancer Res Treat. 2005;93:199-205.
Reis-Filho JS, Tutt AN. Triple negative tumors: a critical review. Histopathology.
2008;52:108-18.

Bauer KR, Brown M, Cress RD, et al. Descriptive Analysis of estrogen receptor (ER)-
negative, progesterone receptor (PR)-negative and Her2-negative invasive breast cancer, the
so call triple negative phenotype: a population based study from the California Cancer
Registry. Cancer. 2007;109:1721-8.

Anders C, Carey LA. Understanding and treating triple-negative breast cancer. Oncology
(Williston Park) 2008;22:1233-9; discussion 1239-40, 1243.



114

67

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

JA. Ibarra

. Lee E, McKean-Cowdin R, Ma H, et al. Characteristics of triple-negative breast cancer in
patients with a BRCAI mutation: results from a population-based study of young women.
J Clin Oncol. 2011;29:4373-80.

Carey LA, Dees EC, Sawyer L, et al. The triple negative paradox: primary tumor
chemosensitivity of breast cancer subtypes. Clin Cancer Res. 2007;13:2329-34.

Heerma van Voss MR, van der Groep P, Bart J, et al. Lympho-vascular invasion in BRCA
related breast cancer compared to sporadic controls. BMC Cancer. 2010;10:145-51.
Eerola H, Heikkila P, Tamminen A, et al. Relationship of patients’ age to histopathological
features of breast tumours in BRCAI and BRCA2 and mutation-negative breast cancer
families. Breast Cancer Res. 2005;7:R465-9.

Mavaddat N, Barrowdale D, Andrulis IL, et al. Pathology of breast and ovarian cancers
among BRCAI and BRCA2 mutation carriers: results from the Consortium of investigators of
modifiers of BRCA1/2 (CIMBA). Cancer Epidemiol Biomarkers Prev. 2012;21(1):134-47.
Eisinger F, Nogues C, Bimbaum D, et al. BRCAI and medullary breast cancer. JAMA.
1998;280:1227-8.

Phillips K, Andulis IL, Goodwin PJ, et al. Breast carcinomas arising in carriers of mutations
in BRCAI or BRCA2: are they prognostically different? J Clin Oncol. 1999;17:3653-63.
Lakhani SR, Gusterson BA, Jacquemier J, et al. The pathology of familial breast cancer:
histological features of cancers in families not attributable to mutations in BRCAI or BRCA2.
Clin Cancer Res. 2000;6:782-9.

Honrado E, Benitez J, Palacios J. The molecular pathology of hereditary breast cancer:
genetic testing and therapeutic implications. Mod Pathol. 2005;18:1305-20.

Tsuda H, Takarabe T, Hasegawa F, et al. Large, central acellular zones indicating
myoepithelial tumor differentiation in high-grade invasive ductal carcinomas as markers of
predisposition to lung and brain metastases. Am J Surg Pathol. 2000;24:197-202.

Armes JE, Trute L, White D, et al. Distinct molecular pathogeneses of early-onset breast
cancers in BRCA] and BRCA2 mutation carriers: a population-based study. Cancer Res.
1999;59:2011-7.

Tot T. The cytokeratin profile of medullary carcinoma of the breast. Histopathology.
2000;37:175-81.

Takei H, Iino Y, Horiguchi J, et al. Low and high molecular weight cytokeratins in invasive
breast carcinoma. Oncol Rep. 1997;4:33-8.

Jones C, Nonni AV, Fulford L, et al. CGH analysis of ductal carcinoma of the breast with
basaloid/myoepithelial cell differentiation. Br J Cancer. 2001;85:422-7.

Fisher B, Slack NH, Bross ID. Cancer of the breast: size of neoplasm and prognosis. Cancer.
1969;24:1071-80.

Smart CR, Myers MH, Gloeckler LA. Implications from SEER data on breast cancer
management. Cancer. 1978;41:787-9.

Nemoto T, Vana J, Bedwani RN, et al. Management and survival of female breast cancer:
results of a national survey by the American College of Surgeons. Cancer. 1980;45:2917-24.
Reger V, Beito G, Jolly PC. Factors affecting the incidence of lymph node metastases in
small cancers of the breast. Am J Surg. 1989;157:501-2.

Carter CL, Allen C, Henson DE. Relation of tumor size, lymph node status, and survival in
24,740 breast cancer cases. Cancer. 1989;63:181-7.

Olivotto IA, Jackson JS, Mates D, et al. Prediction of axillary lymph node involvement of
women with invasive breast carcinoma: a multivariate analysis. Cancer. 1998;83:948-55.
Foulkes WD, Metcalfe K, Hanna W, et al. Disruption of the expected positive correlation
between breast tumor size and lymph node status in BRCAI-related breast carcinoma.
Cancer. 2003;98(8):1569-77.

Perou CM, Serlie T, Eisen MB, et al. Molecular portraits of human breast tumours. Nature.
2000;406:747-52.

Serlie T, Tibshirani R, Parker J, et al. Repeated observation of breast tumor subtypes in
independent gene expression data sets. Proc Natl Acad Sci USA. 2003;100:8418-23.



6 Pathology of BRCA Tumors 115

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Pinilla SM, Honrado E, Hardisson D, et al. Caveolin-1 expression is associated with a
basal-like phenotype in sporadic and hereditary breast cancer. Breast Cancer Res Treat.
2006;99:85-90.

Foulkes WD, Stefansson IM, Chappuis PO, et al. Germline BRCAI mutations and a basal
epithelial phenotype in breast cancer. J Natl Cancer Inst. 2003;95:1482-5.
Rodriguez-Pinilla SM, Sarrio D, Honrado E, et al. Vimentin and laminin expression is
associated with basal-like phenotype in both sporadic and BRCAI-associated breast
carcinomas. J Clin Pathol. 2007;60:1006-12.

Arnes JB, Brunet JS, Stefansson I, et al. Placental cadherin and the basal epithelial
phenotype of BRCAI-related breast cancer. Clin Cancer Res. 2005;11:4003-11.

Cheang MC, Voduc D. Bajdik C, et al. Basal-like breast cancer defined by five biomarkers
has superior prognostic value than triple negative phenotype. Clin Cancer Res.
2008;14:1368-76.

Collins LC, Martyniak A, Kandel MJ. Basal cytokeratin and epidermal growth factor
receptor expression are not predictive of BRCAI mutation status in women with triple
negative breast cancers. Am J Surg Pathol. 2009;33:1093-7.

Lakhani SR. The pathology of familial breast cancer: morphological aspects. Breast Cancer
Res. 1999;1:31-5.

Lakhani SR, Van De Vijver MJ, Jacquemier J, et al. The pathology of familial breast cancer:
predictive value of immunohistochemical markers estrogen receptor, progesterone receptor,
HER-2, and p53 in patients with mutations in BRCAI and BRCA2. J Clin Oncol.
2002;20:2310-8.

Foulkes WD, Metcalfe K, Sun P, et al. Estrogen receptor status in BRCAI- and BRCA2-
related breast cancer: the influence of age, grade, and histological type. Clin Cancer Res.
2004;10:2029-34.

Turner NC, Reis-Filho JS. Basal-like breast cancer and the BRCAI phenotype. Oncogene.
2006;25:5846-53.

Rakha EA, Reis-Filho JS, Ellis I0O. Basal-like breast cancer: a critical review. J Clin Oncol.
2008;26:2568-81.

Reis-Filho JS, Richardson AL, van de Vijver MJ, et al. Genetic alterations and gene
expression profiles of BRCAI and BRCA2 associated breast cancers. In: Lakhani, SL, editor.
WHO classification of tumors of the breast, 4th ed. WHO Press; 2012. p. 181-2.

Haffty BG, Yang Q, Reiss M, et al. Locoregional relapse and distant metastasis in
conservatively managed triple negative early-stage breast cancer. J Clin Oncol.
2006;24:5652-17.

Musolino A, Bella MA, Bortesi B, et al. BRCA mutations, molecular markers, and clinical
variables in early-onset breast cancer: a population-based study. Breast. 2007;16:280-92.
Li WF, Hu Z, Rao NY, et al. The prevalence of BRCAI and BRCA2 germline mutations in
high-risk breast cancer patients of Chinese Han nationality: two recurrent mutations were
identified. Breast Cancer Res Treat. 2008;110(1):99-109.

Byrski T, Gronwald J, Huzarski T, et al. Response to neo-adjuvant chemotherapy in women
with BRCA-positive breast cancers. Breast Cancer Res Treat. 2008;108:289-96.

Lakhani SR, Reis-Filho JS, Fulford L, et al. Prediction of BRCA status in patients with breast
cancer using estrogen receptor and basal phenotype. Clin Cancer Res. 2005;11:5175-80.
Nielsen TO, Hsu FD, Jensen K, et al. Immunohistochemical and clinical characterization of
the basal-like subtype of invasive breast carcinoma. Clin Cancer Res. 2004;10:5367-74.
Laakso M, Loman N, Borg A, et al. Cytokeratin 5/14-positive breast cancer: true basal
phenotype confined to BRCAI tumors. Mod Pathol. 2005;18:1321-8.

Rodriguez-Pinilla SM, Sarrio D, Honrado E, et al. Prognostic significance of basal-like
phenotype and fascin expression in node-negative invasive breast carcinomas. Clin Cancer
Res. 2006;12:1533-9.

van der Groep P, Bouter A, van der Zanden R, Re. Germline BRCAI mutations and a basal
epithelial phenotype in breast cancer. J Natl Cancer Inst. 2004;96:712-3; author reply 714.



116

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

JA. Ibarra

van Diest PJ, van der Groep P, van der Wall E. EGFR expression predicts BRCA! status in
patients with breast cancer. Clin Cancer Res. 2006;12:670, author reply 671.

Elledge RM, Allred DC. Prognostic and predictive value of p53 and p21 in breast cancer.
Breast Cancer Res Treat. 1998;52:79-98.

Crook T, Brooks LA, Crossland S, et al. p53 mutation with frequent novel condons but not a
mutator phenotype in BRCAI- and BRCAZ2-associated breast tumours. Oncogene.
1998;17:1681-9.

Phillips KA, Nichol K, Ozcelik H, et al. Frequency of p53 mutations in breast carcinomas
from Ashkenazi Jewish carriers of BRCAI mutations. J Natl Cancer Inst. 1999;91:469-73.
Rudolph P, Olsson H, Bonatz G, et al. Correlation between p53, cerbB-2, and topoisomerase
I alpha expression, DNA ploidy, hormonal receptor status and proliferation in 356
node-negative breast carcinomas: prognostic implications. J Pathol. 1999;187:207-16.
Hoogerbrugge N, Bult P, de Widt-Levert LM, et al. High prevalence of premalignant lesions
in prophylactically removed breasts from women at hereditary risk for breast cancer. J Clin
Oncol. 2003;21:41-5.

Isern AE, Loman N, Malina J, et al. Histopathological findings and follow-up after
prophylactic mastectomy and immediate breast reconstruction in 100 women from families
with hereditary breast cancer. Eur J Surg Oncol. 2008;34:1148-54.

Kauff ND, Brogi E, Scheuer L, et al. Epithelial lesions in prophylactic mastectomy
specimens from women with BRCA mutations. Cancer. 2003;97:1601-8.

Hermsen BB, von Mensdorff-Pouilly S, Fabry HF, et al. Lobulitis is a frequent finding in
prophylactically removed breast tissue from women at hereditary high risk of breast cancer.
J Pathol. 2005;206:220-3.

Adem C, Reynolds C, Soderberg CL, et al. Pathologic characteristics of breast parenchyma
in patients with hereditary breast carcinoma, including BRCAI and BRCA2 mutation carriers.
Cancer. 2003;97:1-11.

Claus EB, Petruzella S, Matloff E, et al. Prevalence of BRCAI and BRCA2 mutations in
women diagnosed with ductal carcinoma in situ. JAMA. 2005;293:964-9.

Jacquemier J, Eisinger F, Guinebretiere JM, et al. Intraductal component and BRCAI-
associated breast cancer. Letter to the editor. Lancet. 1996;348:1098.

Hadjiloucas I, Gilmore AP, Bundred NJ, et al. Assessment of apoptosis in human breast
tissue using an antibody against the active form of caspase 3: relation to tumour
histopathological characteristics. Br J Cancer. 2001;85:1522-6.

Simpson PT, Reis-Filho JS, Lambros MB, et al. Molecular profiling pleomorphic lobular
carcinomas of the breast: evidence for a common molecular genetic pathway with classic
lobular carcinomas. J Pathol. 2008;215:231-44.

Freneaux P, Stoppa-Lyonnet D, Mouret E, et al. Low expression of BCL-2 in BRCAI-
associated breast cancers. Br J Cancer. 2000;83:1318-22.

Osin P, Gusterson BA, Philp E, et al. Predicted anti-oestrogen resistance in BRCA-associated
familial breast cancers. Eur J Cancer. 1998;34:1683-6.

Gartel AL, Tyner AL. The role of the cyclin-dependent kinase inhibitor p 21 in apoptosis 1.
Mol Cancer Therap. 2002;639-49.

Foulkes WD, Brunet JS, Stefansson IM, et al. The prognostic implication of the basal-like
(cyclin E high/p27 low/p53+/glomeruloid-microvascular-proliferation+) phenotype of
BRCAI related breast cancer. Cancer Res. 2004;64:830-5.

Chappuis PO, Donato E, Goffin JR, et al. Cyclin E expression in breast cancer: predicting
germline BRCA 1 mutations, prognosis and response to treatment. Ann Oncol. 2005;16:735-42.
Palacios J, Honrado E, Osorio A, et al. Phenotypic characterization of BRCAI and BRCA2
tumors based in a tissue microarray study with 37 immunohistochemical markers. Breast
Cancer Res Treat. 2005;90:5-14.

Semenza GL. Regulation of mammalian O2 homeostasis by hypoxia-inducible factor 1. Ann
Rev Cell Dev Biol. 1999;15:551-78.



6 Pathology of BRCA Tumors 117

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

Semenza GL. HIF-1: mediator of physiological and pathophysiological responses to
hypoxia. J Appl Physiol. 2000;88(4):1474-80.

van der Groep P, Bouter A, Menko FH, et al. High frequency of HIF-1alpha overexpression
in BRCAI related breast cancer. Breast Cancer Res Treat. 2008;111:475-80.

Turner N, Tutt A, Ashworth A. Hallmarks of “BRCAness” in sporadic cancers. Nat Rev
Cancer. 2004;4:814-9.

Chin K, DeVries S, Fridlyand J, et al. Genomic and transcriptional aberrations linked to
breast cancer pathophysiologies. Cancer Cell. 2006;10:529-41.

Bergamaschi A, Kim YH, Wang P, et al. Distinct patterns of DNA copy number alteration
are associated with different clinicopathological features and gene expression subtypes of
breast cancer. Genes Chromosom Cancer. 2006;45:1033-40.

Lidereau R, Eisinger F, Champeme MH, et al. Major improvement in the efficacy of BRCAI
mutation screening using morphoclinical features of breast cancer. Cancer Res.
2000;60:1206-10.

Young SR, Pilarski RT, Donenberg T, et al. The prevalence of BRCAI mutations among
young women with triple-negative breast cancer. BMC Cancer. 2009;9:86-90.

Vaziri SA, Krumroy LM, Elson P, et al. Breast tumor immunophenotype of BRCAI-
mutation carriers is influenced by age at diagnosis. Clin Cancer Res. 2001;7:1937-45.
Honrado E, Osorio A, Milne RL, et al. Immunohistochemical classification of non-BRCA1/2
tumors identifies different groups that demonstrate the heterogeneity of BRCAX families.
Mod Pathol. 2007;20:1298-306.

Robson ME, Chappuis PO, Satagopan J, et al. A combined analysis of outcome following
breast cancer: differences in survival based on BRCAI/BRCA2 mutation status and
administration of adjuvant treatment. Breast Cancer Res. 2004;6:R8-17.

Quenneville LA, Phillips KA, Ozcelik H, et al. HER-2/ neu status and tumor morphology of
invasive breast carcinomas in Ashkenazi women with known BRCA mutation status in the
Ontario Familial Breast Cancer Registry. Cancer. 2002;95:2068-75.

Arun B, Vogel KJ, Lopez A, et al. High prevalence of preinvasive lesions adjacent to
BRCA/2-associated breast cancers. Cancer Prev Res (Phila. PA). 2009;2:122-7.
Hoogerbrugge N, Bult P, Bonenkamp JJ, et al. Numerous high-risk epithelial lesions in
familial breast cancer. Eur J Cancer. 2006;42:2492-8.

van der Groep P, van Diest PJ, Menko FH, et al. Molecular profile of ductal carcinoma
in situ of the breast in BRCAIl and BRCA2 germline mutation carriers. J Clin Pathol.
2009;62:926-30.

Schuyer M, van der Burg ME, Henzen-Logmans SC, et al. Reduced expression of BAX is
associated with poor prognosis in patients with epithelial ovarian cancer: a multifactorial
analysis of TP53, p21, BAX and BCL-2. Br J Cancer. 2001;85:1359-67.

Jonsson G, Naylor TL, Vallon-Christersson J, et al. Distinct genomic profiles in hereditary
breast tumors identified by array-based comparative genomic hybridization. Cancer Res.
2005;65:7612-21.

van Beers EH, van Welsem T, Wessels LF, et al. Comparative genomic hybridization
profiles in human BRCAI and BRCA2 breast tumors highlight differential sets of genomic
aberrations. Cancer Res. 2005;65:822-7.

Wessels LF, van Welsem T, Hart AA, et al. Molecular classification of breast carcinomas by
comparative genomic hybridization: a specific somatic genetic profile for BRCAI tumors.
Cancer Res. 2002;62:7110-7.

Yang RL, Mick R, Lee K. DCIA in BRCAI and BRCA2 mutation carriers: prevalence,
phenotype, and expression of oncodrivers C-Met and HER3. J Transl Med. 2015;13:335-42.



Patricia A. Cronin and Hiram S. Cody llI

Introduction

Women with germline BRCAI/2 mutations have a breast cancer prevalence of
46-71% by age 70 [1]. Preventive strategies that may significantly reduce this risk
include bilateral prophylactic mastectomy [2—4] or hormonal interventions such as
bilateral oophorectomy and tamoxifen[5—7]. For mutation carriers diagnosed with
breast cancer, the best surgical option for local therapy is still debated. For women
without a mutation, breast-conserving therapy (BCT) with adjuvant radiation
therapy (RT) is often the treatment of choice as it is less invasive than mastectomy
but with comparable survival [8]. However, mutation carriers must also consider the
risks of ipsilateral breast tumor recurrence (IBTR) and of contralateral breast cancer
(CBCQ), both higher than in non-carriers, and whether other patient and/or treatment
factors (such as systemic adjuvant therapy and risk-reducing contralateral pro-
phylactic mastectomy) could alter the risk for IBTR and/or CBC. The potential
survival benefit of an intervention should also be included in decision making. This
chapter will explore the options available for the surgical management of breast
cancer in mutation carriers.
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Surgical Management
Primary Tumor Surgical Management

BCT, combining breast-conserving surgery (lumpectomy) with adjuvant RT, is the
treatment of choice for most non-mutation carriers as it is a minimally invasive and
cosmetically acceptable approach for suitable tumors with survival comparable to
mastectomy. For mutation carriers, the possibility of increased risk of local recur-
rence compared to non-mutation carriers has made the option of BCT controversial.
There were also concerns about the potentially harmful effects of RT in patients
with BRCA mutations, but these have not been substantiated in the literature [9, 10].

Many studies have compared the risk of ipsilateral breast tumor recurrence
(IBTR) following BCT in mutation versus non-mutation carriers, but have produced
conflicting results and are limited by retrospective designs and small sample size.
Several have concluded that BCT was not associated with an increased risk of IBTR
in mutation carriers compared to non-mutation carriers, but in studies with longer
follow-up, there was some evidence for an increased risk of IBTR in mutation
carriers.

A recent meta-analysis by Valachis et al. [11] compiled results from ten studies
that addressed this question. Results from six cohort [12—17] and four case—control
studies [18-21] allowed comparison of 526 BRCA mutation carriers and 2320
controls with respect to IBTR following BCT. The pooled rates of IBTR for
mutation carriers were 17.3% (95% confidence interval (CI) 11.4-24.2%) compared
to 11% (95% CI 6.5-15.4%) in non-mutation carrier controls. There was no sig-
nificant difference in IBTR between carriers and controls (risk ratio (RR) 1.45, 95%
CI 0.98-2.14, p = 0.07) (Table 7.1).

In six studies (1212 patients) with a median follow-up less than 7 years, there
was no significant difference in IBTR between mutation carriers and non-mutation
carrier controls (11.7 vs. 8.9%, p = 0.51). Among five studies (1,634 patients) with
median follow-up greater than 7 years, there was a significantly higher risk for
IBTR in BRCA mutation carriers (23.7 vs. 15.9%, p = 0.003) [11].

Cases of IBTR beyond 7 years could be new primary breast cancers given that
all of the residual breast tissue after BCT carries a persistent mutation-related risk.
Two studies [20, 21] aimed to differentiate between IBTR events which were “true
recurrence” as opposed to “new primary” breast cancers and found no significant
increase in true recurrences (RR 1.37, 95% C1 0.44—4.21, p = 0.59) but a trend for a
higher rate of new ipsilateral primary cancers (RR 2.07, 95% CI 0.99-4.36,
p = 0.05) in BRCA mutation versus non-mutation carriers [11].

Another important consideration is whether there are differences in IBTR, and
whether differential approaches should be adopted, according to mutation type.
Four studies reported on IBTR by mutation type (405 patients with BRCAI
mutations and 203 with BRCA2 mutations), and in the meta-analysis there was no
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Table 7.1 Risk for Risk ratio [95% CI]
ipsilateral breast tumor

recurrence following Cohort studies

breast-conserving therapy in Brekelmans et al. [12] 0.61 [0.33-1.11]
BRCA mutation carriers Chappuis et al. [13] 0.97 [0.22-4.15]
versus non-mutation carriers El-Tamer et al. [14] 3.22 [1.15-9.01]
Haffty et al. [15] 2.15 [1.13-4.07]
Robson et al. [16] 0.46 [0.06-3.34]
Robson et al. [17] 1.57 [0.73-3.36]
Subtotal 1.32 [0.70-2.46]
Case—control studies
Eccles et al. [18] 0.69 [0.30-1.58]
Garcia-Etienne et al. [19] 4.50 [1.32-15.35]
Kirova et al. [20] 1.90 [1.22-2.97]
Pierce et al. [21] 1.51 [0.89-2.56]
Subtotal 1.60 [0.94-2.72]
Total 1.45 [0.98-2.14]

Adapted from [11]

difference in risk of IBTR between BRCAI and BRCA2 mutation carriers (RR 0.76,
95% CI 0.49-1.16, p = 0.20) [11].

Some studies have examined the impact of BCT on survival in mutation carriers
compared to non-mutation carriers. Two studies found no difference in overall
survival (OS) following BCT in mutation carriers compared to non-mutation carrier
controls. The first study [20] found no difference in OS at a follow-up of over
13 years. The second study [9], with a median follow-up of 5.3 years for mutation
carriers, found an insignificant difference in 5-year OS between carriers and
non-carriers: 86 versus 91%. In the same study, breast cancer-specific survival
(BCSS) survival was also similar: 92 versus 91%. Another study observed a sig-
nificantly higher risk for death due to breast cancer, at a median follow-up of
116 months, in patients with BRCA mutations (multivariable hazard ratio (HR):
2.39, 95% CI 1.20-4.75) [17].

Few studies address the risk for IBTR in BRCA mutation carriers with BCT
compared to mastectomy. One study [22] compared the risk for IBTR in BRCA
mutation carriers after mastectomy versus BCT, finding a higher risk for BCT: 23.5
versus 5.5% at 15 years, p < 0.0001). Of note, both BCSS and OS were similar
between the two groups (91.7 vs. 92.8% (p = 0.85) and 87.3 vs. 89.8% (p = 0.73),
respectively. Most IBTR events in the BCT group appeared to be new primary
cancers and most in the mastectomy group to be true recurrences. The lack of
survival difference between mastectomy and BCT may reflect a less biologically
aggressive phenotype in the new primary cancers.

A recent study comparing BCT and mastectomy in BRCAI/ BRCA2 mutation
carriers reached similar conclusions. BCT was associated with an increased risk of
IBTR in a multivariable analysis adjusting for tumor stage, age, and use of adjuvant
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Table 7.2 Summary of risk
factors for ipsilateral breast
tumor recurrence following
breast-conserving therapy in
BRCA mutation carriers

Risk factors

Age (continuous)
Age > 50
Positive margins
ER positive
Grade 3

T stage (> T2)
Stage 11
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Hazard ratio [95% CI]

0.96 [0.92-0.99]
0.69 [0.27-1.77
0.76 [0.18-3.19
1.74 [0.71-4.25
0.95 [0.35-2.59
0.76 [0.37-1.53

Nodal metastases 0.86 [0.39-1.89
0.73 [0.39-1.39
0.39 [0.09-1.69
0.51 [0.31-0.84

0.42 [0.22-0.81

]

]

1

1

]

0.69 [0.36-1.33]

1

Tamoxifen use ]

Tamoxifen use (ovaries intact) ]

Chemotherapy ]

Oophorectomy ]
Adapted from [11]

chemotherapy (HR 2.9; CI 1.1-7.8). The cumulative 15-year incidence of IBTR for
BCT was 32% versus 9% for the mastectomy group, but there were no significant
differences in OS, BCSS, or distant recurrence. IBTR post-mastectomy was seen in
the first five years, whereas IBTR post-BCT continued to occur beyond 5 years,
again likely reflecting more aggressive biology in “true recurrent” compared to
“second primary” cancers [23].

In considering BCT in a BRCA mutation carrier, other treatment factors may
mitigate the patient’s risk for IBTR. Two studies [21, 24] have reviewed these risk
modifiers and found that two (supported by a moderate level of evidence) were
associated with a reduced risk of IBTR: the use of adjuvant chemotherapy (RR
0.51, 95% CI 0.31-0.84) and having undergone an oophorectomy (RR 0.42, 95%
CI 0.22-0.81). The use of adjuvant tamoxifen was not significantly associated with
IBTR in the meta-analysis [11] (Table 7.2).

Current data show that BCT does not increase the risk for “true recurrence”
IBTR in BRCA mutation carriers compared to non-carriers, indicating that RT in
mutation carriers is at least as effective as in non-mutation carriers. The increased
risk for IBTR among mutation carriers in studies with longer follow-up reflects a
higher risk for new primary cancers, since all of the residual breast tissue is at a
higher mutation-related risk. No difference in OS has been demonstrated between
mutation carriers and non-mutation carriers [17]. Taking into account the compa-
rable rates of IBTR and similar survival outcomes after BCT between mutation
carriers and non-mutation carriers, it would not be unreasonable to offer BCT to
BRCA mutation carriers who can accept the likelihood of an increased risk of new
ipsilateral primary breast cancer events and the need for ongoing surveillance. The
risk of IBTR is modified by other treatment factors such as oophorectomy or
adjuvant chemotherapy, and these should be included in surgeon—patient counsel-
ing and decision making.
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Contralateral Prophylactic Mastectomy

The option of contralateral prophylactic mastectomy (CPM) in BRCA mutation
carriers is another consideration in the surgical decision. BRCA mutation carriers
have a higher risk for contralateral breast cancer (CBC) compared with
non-mutation carriers, and the risk of CBC is higher for BRCAI than for BRCA2.
Pooled rates of CBC in a meta-analysis of 11 studies (7 cohort [12-17, 25] and 4
case—control [18-21]), including 807 mutation carriers and 3163 non-mutation
carrier controls, were 23.7% (95% CI 17.6-30.5%) and 6.8% (95% CI 4.2-10%),
respectively. Patients with BRCA mutations had a higher risk for CBC compared
with non-mutation carriers (RR 3.56, 95% CI 2.50-5.08, p <0.001) [I11]
(Table 7.3).

Among seven studies comparing the risk of CBC between BRCAI mutation
carriers (n = 1532) and BRCA2 mutation carriers (n = 950), the rates of CBC were
21.1 versus 15.1%, respectively (p < 0.04) [26]. Another meta-analysis found that
the risk of CBC at 5 years was 15 versus 9% and at 10 years was 27 versus 19%.
The cumulative risk of CBC was substantially lower in non-mutation carriers, 3% at
5 years and 5% at 10 years [26].

The risk of CBC is potentially modifiable and may be dependent on other factors
such as age. Six studies [17, 21, 27-30] have investigated potential risk factors for
CBC in BRCA mutation carriers, and three studies [31-33] have investigated the
role of age at first breast cancer diagnosis as a risk factor for CBC. Factors asso-
ciated with a decreased risk for CBC include oophorectomy (RR 0.52, 95% CI
0.37-0.74), tamoxifen use (RR 0.57, 95% CI 0.43-0.75), and increasing age [11]

Table 7.3 Risk of CBC in
BRCA mutation carriers
versus non-mutation carriers

Risk ratio [95% CI]
Cohort studies
Brekelmans et al. [12]
Chappuis et al. [13]

3.54 [2.28-5.49]
7.97 [1.39-45.81]

El-Tamer et al. [14]
Haffty et al. [15]

Robson et al. [16]
Robson et al. [17]
Stoppa-Lyonnet et al. [25]
Subtotal

Case—control studies

Total

Eccles et al. [18]
Garcia-Etienne et al. [19]
Kirova et al. [20]

Pierce et al. [21]
Subtotal

Adapted from [11, 25]

1.74 [0.98-3.11]
4.77 [1.86-12.24]
4.88 [1.89-12.58]
3.51 [2.05-6.01]
0.89 [0.39-2.04]
2.90 [1.85-4.53]

3.60 [2.15-6.03]
15.0 [1.79-125.57]
3.67 [2.07-6.48]
8.34 [4.45-15.63]
5.00 [2.97-8.40]
3.56 [2.50-5.08]
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Table 7.4 Summary of risk
factors for contralateral breast
cancer in BRCA mutation
carriers

Risk factors

Age (continuous)
Age > 50

ER positive
Grade 3

Nodal metastases

Tamoxifen use
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Hazard ratio [95% CI]

0.98 [0.95-1.02]
0.47 [0.27-0.82]
1.02 [0.64-1.62]
0.84 [0.50-1.41]
0.76 [0.51-1.12]
0.57 [0.43-0.75]

0.42 [0.27-0.63]
0.83 [0.24-2.89]

Tamoxifen use (ovaries intact)
Tamoxifen use
(post-oophorectomy)
Chemotherapy 0.90 [0.66-1.22]
Oophorectomy 0.52 [0.37-0.74]

Adapted from [17, 21, 27-30]

(Table 7.4). The protective effect of tamoxifen seems to be stronger in patients who
did not undergo oophorectomy (RR 0.42, 95% CI 0.27-0.63). Use of adjuvant
chemotherapy did not alter the risk for CBC (RR 0.90, 95% CI 0.66-1.22).
Although a cumulative HR for the impact of increasing age could not be calculated
in the meta-analysis, Metcalfe et al. [27] demonstrated that age > 50 years at
diagnosis was associated with decreased risk of CBC at 15 years compared to age at
diagnosis < 50 years (16.8 vs. 37.6%, p = 0.001). Similarly, in an earlier study by
Graeser et al. age > 50 years at diagnosis was associated with a decreased risk of
CBC in BRCAI but not BRCA2 families. The protective effect of tamoxifen and
prophylactic oophorectomy in BRCA2 mutation carriers may reflect the higher rate
of estrogen receptor (ER) positive disease in this group [27].

The aim of CPM in mutation carriers is to reduce future CBC development and
thereby confer a survival advantage to mutation carriers. Two studies [12, 34] have
examined survival differences in BRCA mutation carriers after CPM versus thera-
peutic mastectomy alone (at a median follow-up of 4.3 and 3.4 years). There was
no difference in BCSS between patients with BRCA mutation who had CPM and
those who did not (HR 0.78, 95% CI 0.44-1.39, p = 0.40) [11]. Although
van Sprundel et al. found that OS with CPM was 94% and without CPM was 77%
(p = 0.03), there was no survival advantage for CPM after adjustment for pro-
phylactic oophorectomy (p = 0.14).

A large study [35] compared 242 mutation carriers with primary unilateral breast
cancer who had CPM with 341 mutation carriers who did not. At a median
follow-up of 11.4 years, 4 (2%) patients in the CPM group developed CBC com-
pared to 64 (19%) in the surveillance group (p < 0.001). Mortality was lower for
CPM than for surveillance (9.6 and 21.6 per 1000 person-years of observation,
respectively; adjusted HR 0.49, 95% CI 0.29-0.82). Survival benefit was most
apparent in patients who were young (<40 years), or had low/intermediate grade
and/or non-triple-negative cancers, or who were not treated with adjuvant
chemotherapy. Chemotherapy was more frequent in the CPM group and may have
contributed to improved OS.
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The survival benefit of CPM in mutation carriers with breast cancer remains
debatable. Certainly, CBC risk and potential modifying factors (age, oophorectomy,
and/or tamoxifen use) need to be considered when counseling patients about CPM.
An aggressive surgical approach may also be tempered by the stage of the index
lesion and the patient’s prognosis. BRCAI mutation carriers seem to have increased
risk of CBC, and so perhaps a differential approach should be considered dependent
on mutation type. Since BRCAI mutation carriers tend to develop breast cancers at a
younger age and have a higher proportion of triple-negative cancers, they may not
receive oophorectomy or tamoxifen; CPM may therefore be more beneficial in this
setting.

One must also consider the potential psychosocial and emotional impact of
CPM. Although studies have shown that psychosocial outcomes and quality of life
are similar between women at increased risk of breast cancer who choose pro-
phylactic mastectomy and those who do not [36-39], negative effects on body
image and sexuality occur in a significant minority of patients [36, 38, 39].
Therefore, an adequate discussion and counseling of carriers with unilateral breast
cancer should also include the psychosocial dimensions of each surgical option.

Patient Selection

Current evidence is insufficient to generate a clinical guideline for surgical man-
agement of unilateral breast cancer which encompasses all BRCA mutation carriers,
and patients should be counseled on a case-by-case basis. There is evidence to
identify subgroups of patients who may be at a lower risk for IBTR and/or CBC,
and who may therefore benefit from less aggressive surgery. Adjuvant
chemotherapy and oophorectomy are each associated with a 50% decreased risk for
IBTR. BRCAI-/ BRCA2-related cancers may be more sensitive to chemotherapy,
decreasing the risk for IBTR, and may lead to onset of premature menopause,
further decreasing the risk for patients with hormone-sensitive tumors. The pro-
portional reduction in risk of IBTR for mutation carriers who have had
oophorectomy is similar to the reduction in risk for development of breast cancer in
mutation carriers who have had prophylactic oophorectomy [40]. For mutation
carriers who will not be receiving chemotherapy and/or oophorectomy, a more
aggressive surgical approach (mastectomy with or without CPM) may be
reasonable.

Oophorectomy reduces the risk of CBC by about 50%, as does adjuvant
tamoxifen. Older age at first breast cancer diagnosis is also associated with a
reduced risk of CBC. Indeed, the risk for CBC significantly decreased with
increased age, with 50 years being the age cut-off used in most studies. Accord-
ingly, younger patients who receive neither oophorectomy nor tamoxifen constitute
another subgroup of patients who may benefit from a more aggressive surgical
approach.
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Nipple Sparing Mastectomy

Nipple sparing mastectomy (NSM) is a surgical technique in which the breast tissue
is removed preserving the entire mastectomy skin envelope and nipple areola
complex (NAC). For some women, the NAC plays an important role in their body
image, and hence, NSM may enhance cosmetic outcome and offer psychological
benefit [41]. Compared to skin-sparing mastectomy, patients report greater cosmetic
satisfaction [42, 43] and improved psychosocial and sexual well-being [44].

Candidates for NSM include patients undergoing prophylactic mastectomy and
those with ductal carcinoma in situ (DCIS) or invasive breast cancer of limited
extent [45]. Appropriately selected, only 12% of patients will have tumor
involvement at the NAC, precluding NSM [46, 47]. Factors associated with nipple
involvement include tumors larger than 2—4 cm, a tumor—nipple distance of less
than 2 cm, tumors involving more than one quadrant, and tumors with unfavorable
biology (poorly differentiated, ER/PR negative, HER2 positive, or extensive
intraductal component). With increasing experience, the selection boundaries for
NSM are being extended to encompass more advanced disease [48-51], and a study
from the National Cancer Institute’s Surveillance, Epidemiology, and End Results
(SEER) database has demonstrated a 202% increase in the use of NSM between
2005 and 2009 in the USA [52].

The oncologic safety of NSM in BRCA mutation carriers is controversial. One
study of BRCA patients identified terminal ductal lobular units in 24% of the NACs
and 8% of nipples, with occult tumor involving the NAC in 0% of risk-reducing
specimens, and 10% in therapeutic specimens [53]. These rates are similar to those
for non-BRCA mutation carriers. In a recent study of 177 NSMs with immediate
breast reconstruction (IBR) in 89 BRCA mutation carriers, 26 patients had NSM
with CPM for early-stage disease and 63 has prophylactic NSM, and at 26- to
28-month follow-up, there were no loco-regional recurrences or new breast cancers
[54]. Five patients (6%) required subsequent excision of the nipple-areola complex
for oncological or other reasons. Larger studies with longer follow-up are needed
before the oncological safety of NSM in BRCA mutation carriers can be assured.

Breast Reconstruction Considerations

Planning for breast reconstruction, immediate or delayed, must consider the impact
of post-mastectomy radiotherapy (PMRT). The two main issues which raise con-
cern are compromised delivery of RT by the reconstructed breast and the impact of
RT on the long-term cosmetic result of the reconstruction [55]. Cosmesis and
symmetry issues may be more evident in the setting of bilateral mastectomy with
immediate reconstruction, followed by unilateral PMRT.

Historically, patients requiring PMRT have been encouraged to have delayed
breast reconstruction, based on concern that the reconstruction would compromise
the delivery of PMRT [56-59]. Specific concerns include compromised delivery to
the internal mammary nodes, non-uniform delivery, underdosing of the chest wall,
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and increased dose to normal tissues [55], but the evidence for these concerns is
conflicting. Motwani et al. [59] reported compromised delivery of RT in 52% of
patients who had undergone immediate reconstruction, compared with 7% of
controls. Koutcher et al. [60] found no compromise in PMRT for most patients,
with a 30-month loco-regional control rate of 97%. Surgeons at the University of
Texas MD Anderson Cancer Center have advocated an “delayed—immediate” re-
construction algorithm for patients who need to receive PMRT [61]. A tissue
expander is placed at the time of mastectomy, deflated during adjuvant RT,
expanded post-RT, and followed by autologous flap reconstruction 4—6 months
later [62]. They report low complication rates, tissue expander loss in 14% of
patients, and local recurrence at 32 months’ follow-up of 3% [63]. They suggest
that the complication rate with a “delayed—immediate” approach and subsequent
flap reconstruction may be lower than that for a standard delayed flap reconstruction
(26 vs. 38%, p = 0.4) [62], but many others have reported acceptable cosmetic and
oncologic outcomes with immediate reconstruction followed by PMRT [60]. In an
analysis of 191 patients requiring PMRT who underwent TRAM flap reconstruc-
tion, the risk of loco-regional recurrence at 40 months’ follow-up did not signifi-
cantly differ between immediate and delayed procedures (3.7 vs. 1.8%, p = 0.65)
[64]. In a more recent report from the same authors, among 492 patients with stage
II-1IT disease who received mastectomy, chemotherapy, and PMRT, at a median
follow-up of 7.2 years, there was no difference in local recurrence, disease-free
survival, or overall survival, between immediate and delayed flap reconstruction
[65]. Similarly, Wright et al. [66] reported on 104 patients with tissue expander
reconstruction who underwent exchange to a permanent implant prior to PMRT.
Local control rates were excellent, and immediate breast reconstruction was not
associated with increased risk of distant metastases or death. In contrast, Nahabe-
dian et al. [67] retrospectively analyzed 146 patients who underwent immediate or
delayed reconstruction after PMRT, finding that loco-regional recurrence rates were
higher in patients who underwent immediate versus delayed reconstruction (27 vs.
15%, p = 0.04). These data should be interpreted with caution based on the sur-
prisingly high rates of recurrence [67, 68]. Since randomized trials are unlikely, the
safety of breast reconstruction prior to PMRT remains controversial.

Regarding cosmesis and PMRT, the data favor delayed breast reconstruction.
PMRT to the reconstructed breast is associated with fat necrosis, impaired wound
healing, contracture, fibrosis, volume loss, and architectural distortion [69]. In a
systematic review [69] of 10 published reports of patients undergoing immediate
and delayed reconstruction and PMRT, the authors found a higher incidence of
breast fibrosis and contracture with immediate reconstruction. Adesiyun et al. [70]
compared immediate versus delayed breast reconstruction in 113 patients receiving
PMRT and found a trend toward fewer complications in the delayed reconstruction
group (32 vs. 44%, p = 0.18), but with a comparable proportion of patients satisfied
with their cosmetic outcomes (68%) [70]. Another group found no significant
difference in complication rates with immediate versus delayed flap reconstruction
in patients who received PMRT, but the authors ultimately recommended delayed
reconstruction [71]. In contrast, others have reported acceptable cosmesis and
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complication rates with immediate reconstruction. A meta-analysis of 11 studies by
Barry et al. [72] concluded that postoperative outcomes did not differ by the
sequencing of reconstruction and PMRT, but that autologous flaps appeared to have
superior outcomes, with lower rates of fibrosis, contracture, infection, fat necrosis,
and reoperation for flap- versus implant-based reconstruction [73]. The cosmetic
results of autologous flap reconstruction appear to be superior to those of tissue
expander/implant reconstruction, especially in the setting of PMRT [74], but suc-
cessful outcomes have been achieved with implant-based reconstruction. For
example, Cordeiro et al. [75, 76] reported satisfactory aesthetic results with
immediate tissue expander placement followed by exchange for a permanent
implant prior to PMRT, with aesthetic results categorized as “good to excellent” in
90% of patients, and with an implant loss rate of 9.1% [76].

Another important issue is post-mastectomy reconstruction of the previously
irradiated breast. Mutation carriers who are considering BCT must understand that
if they later develop IBTR then mastectomy is the standard treatment. Others may
have discovered their mutation status belatedly after completing BCT and are now
considering completion mastectomy and CPM. In a recent systematic review [77] of
patients with prior RT having mastectomy and immediate breast reconstruction, the
rates of reoperation and of reconstructive failure were 37 and 17%, respectively.
Prior breast RT is not an absolute contraindication to NSM, and although com-
plication rates are higher in this setting, reconstruction failure and/or nipple/areola
necrosis is infrequent [78]. Prior RT to one breast may affect the symmetry of a
bilateral reconstruction; this should be considered in BRCA mutation carriers who
are planning surgery for the initial breast cancer and, for those who previously
elected BCT, in managing a subsequent IBTR.

Breast reconstruction could delay the start of adjuvant chemotherapy, although
in a systematic review of four studies of women with versus without immediate
breast reconstruction followed by chemotherapy, Xavier Harmeling et al. [79]
found delays after immediate breast reconstruction of only 6.6—16.8 days. One
could hypothesize that free flap reconstruction might lead to the greatest delay, but
Kontos et al. [80] compared 27 women with free flap reconstruction to
non-reconstructed controls and found that the mean time to chemotherapy was 55
versus 40 days, with delays past 6 weeks in 67% of flap patients versus 29% of
controls. The most common reasons for delays were flap and donor-site compli-
cations. Since current guidelines recommend the initiation of adjuvant
chemotherapy 4-12 weeks post-mastectomy [81], an adverse effect from immediate
breast reconstruction is unlikely.

Conclusions

All surgical options suitable for the management of a unilateral breast cancer are
open to BRCA mutation carriers. Regarding BCT, studies with short follow-up
suggest no difference in the rate of “true” IBTR compared to non-mutation carriers,
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while longer follow-up studies suggest higher rates of “second primary” IBTR. In
comparing BCT with mastectomy, there may be differences in BCSS but not in OS.
Present evidence for the oncological safety of BCT in mutation carriers will con-
tinue to evolve and mature. Mutation carriers have a 3.5-fold increased risk of CBC,
with the risk for BRCA1 being higher than for BRCA2 carriers. CPM can reduce this
risk but should be considered in the context of patient age, comorbidities, the stage
of the index lesion, increased surgical morbidity, and psychosocial aspects. A sur-
vival benefit for CPM has yet to be proven. Chemotherapy, endocrine therapy,
and/or oophorectomy can each alter the risks of IBTR and of CBC, and need to be
included in risk/benefit discussions.
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Role of BRCA Genes

BRCAI and BRCA?2 function as tumor suppressor genes and are important in the
maintenance of genomic stability through their role in DNA damage signaling and
DNA repair. Both BRCAI and BRCA2 have been implicated in mediating the repair
of double-strand breaks by homologous recombination (HR) by interactions with
RADS51. Upon DNA damage, BRCAI associates with RAD51 and localizes to the
damaged region; BRCAI is then phosphorylated. BRCA2 functions downstream of
BRCAI by forming a complex with RAD51. The primary function of BRCA2 is to
facilitate HR [1]. Cells deficient for BRCAI or BRCA2 are unable to repair
double-strand breaks via error-free HR, resulting in repair via the error-prone
non-homologous end-joining (NHEJ) pathway, which introduces chromosomal
instability [2, 3]. During S-phase, the expression levels of BRCAI and BRCA2
increase, indicating a function in maintaining genomic stability during the DNA
replication process [4]. In addition to its role in HR, BRCAI appears to have
functions in DNA repair. BRCAI is part of the BRCAI-associated
genome-surveillance complex (BASC), which includes ATM, RAD50, MREI],
NBS1, and the mismatch repair proteins MLH1, PMS2, MSH2, and MSH6 [5].
BRCAI is also involved in transcription-coupled excision repair, chromatin
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remodeling, and, together with BARDI, the ubiquitination process, through which
proteins are tagged for degradation by the proteasome [1, 6].

A germline mutation in BRCAI or BRCA2 only represents the first hit in the
classical Knudson’s two-hit hypothesis, whereas the second inactivating somatic
mutation often involves deletion of the wild-type allele, termed loss of heterozy-
gosity (LOH). LOH is present in the majority (80%) of tumors arising from
mutation carriers [4, 5]. By contrast, small somatic mutations involving a single or
few bases are very rare [6]. Another somatic inactivation mechanism, epigenetic
silencing by promoter methylation, has been reported for BRCAI in 9-13% of
sporadic breast tumors and up to 42% of non-BRCA1/2 hereditary breast tumors,
leading to reduced BRCAI expression [7, 8]. By contrast, BRCAI promoter
methylation is rare in tumors from BRCAI and BRCA2 mutation carriers [9], and
BRCA?2 promoter methylation is seldom observed in both sporadic and hereditary
breast cancers [10]. Genetic testing for BRCA mutations is now widely available,
and multiple professional societies have published guidelines for testing and
management. Genetic testing trends include utilization of multi-gene panels that
take advantage of next-generation sequencing and testing for low- and
moderate-penetrance susceptibility genes [11].

BRCA1- and BRCA2-Associated Breast Cancers

Up to 10% of breast cancers result from specific genetic mutations in BRCAI,
BRCA2, CHEK2, TP53, and PTEN [12]. Families carrying genetic mutations in the
above-mentioned genes exhibit an apparently dominant inheritance pattern and are
often characterized by early age of onset and over-representation of ovarian,
bilateral breast, and male breast cancers [13].

Early reports suggested that germline mutations in the genes BRCAI and
BRCA2 were responsible for the majority of hereditary breast cancers, although
more recent studies have demonstrated that mutations in the two genes only
account for 25-28% of the family risk [14, 15]. However, additional BRCAI1/2
mutations likely remain undetected by the screening methods used today. Women
carrying a BRCAI or BRCA2 germline mutation also have increased risk of other
cancer types, such as ovarian cancer and fallopian tube cancer, male breast cancer,
prostate cancer, pancreas cancer, gastrointestinal cancers (e.g., gall bladder, bile
duct, and stomach), and melanoma [16—18]. In a large study by the Consortium of
Investigators of Modifiers of BRCA1/2 (CIMBA), the median age of breast cancer
diagnosis was 40 years among BRCAI and 43 years among BRCA2 mutation
carriers [19].

Although germline mutations in BRCAI and BRCA2 confer high risk of breast
and ovarian cancers, the penetrance of these genes is incomplete. The risk of
developing breast cancer by the age of 70 is 45-87% in BRCAI and BRCA2
mutation carriers. For ovarian cancer, the risk is 45-60% among BRCAI mutation
carriers and 11-35% among BRCA?2 mutation carriers [20-22]. Typically, breast
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cancer presents earlier than ovarian cancer, especially in BRCAI carriers [23]; the
risk of developing a metachronous ovarian cancer is greatest for women with
early-onset breast cancer (younger than 40 years at diagnosis) or with a family
history of breast or ovarian cancer [24]. A large-scale historical cohort study looked
at the risk of metachronous ovarian cancer after BRCA breast cancer and determined
that the 10-year actuarial risk for BRCAI carriers was 12.7% and that for BRCA2
carriers was 6.8% [25].

The majority of invasive breast cancers that arise in BRCAI and BRCA?2 carriers
are invasive ductal carcinomas (IDCs) (80%) [26]. A higher frequency of BRCAI
tumors are classified as medullary carcinomas compared with sporadic tumors (9%
vs. 2%, respectively) [19, 27]. Notably, 11% of medullary carcinomas carry BRCAI
germline mutations [28]. By contrast, an excess of invasive lobular and tubular
carcinomas has been reported for BRCA2 tumors relative to BRCAI tumors [27].
BRCAI tumors are more frequently high grade compared with sporadic tumors [29].
Most BRCA2 tumors are grade 2/3 with high mitotic rates.

A recent study examining pathology data from 4325 BRCAI to 2568 BRCA2
mutation carriers reported that 78% of tumors arising in BRCAI carriers were
estrogen receptor (ER)-negative, while only 23% of tumors arising in BRCA2
mutation carriers were ER-negative. Furthermore, HER2 overexpression was only
observed in approximately 10% of tumors from mutation carriers. Consequently,
69% of the BRCAI tumors were triple-negative (TN), which was true for only 16%
of the BRCA2 tumors [19]. In contrast to BRCAI tumors, BRCA2 tumors seem to be
more similar to sporadic tumors with respect to the expression of IHC markers.
Most BRCA?2 breast tumors exhibit a luminal phenotype featuring overexpression of
ER, progesterone receptor (PR), and cytokeratins CK8 and CK18 [30].

Recent studies have observed preinvasive lesions both in prophylactic mastec-
tomy specimens from mutation carriers and in normal breast tissue adjacent to
breast cancers [31]. Among BRCA1/2-associated breast cancers, 59% had at least
one associated preinvasive lesion compared with 75% of controls. Preinvasive
lesions were more prevalent in BRCA2 mutation carriers than in BRCAI mutation
carriers (70% vs. 52%, respectively). The most common preinvasive lesion in both
groups was ductal carcinoma in situ (DCIS); 56% of BRCAI/2-associated breast
cancers and 71% of the sporadic breast cancers had adjacent intraductal disease,
respectively [31]. These findings suggest that BRCAI/2-associated breast cancers
progress through the same intermediate steps as sporadic breast cancers and that
DCIS should be considered part of the BRCA1/2 tumor spectrum.

While most studies indicate a similar prognosis for women with hereditary breast
cancers compared with age-matched women with sporadic breast cancers [32-38],
other studies have reported worse survival outcomes [39-43]. Lee et al. [44]
reported similar survival rates in BRCAI mutation carriers with TN disease com-
pared with non-carriers. Confirming those findings, Bayraktar et al. [45] observed a
50% prevalence of deleterious BRCAI/2 mutations in high-risk women diagnosed
with TN breast cancer. Overall prognosis of TN breast cancer in BRCA carriers and
non-carriers was not significantly different within the first 5 years following initial
diagnosis. In other studies, the aggressive nature of these breast cancers has been
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demonstrated through a higher-median Oncotype DX recurrence score in
ER-positive, node-negative BRCA-associated breast cancers as compared with
controls [46] and inferior worse overall survival (OS) in BRCAI mutation carriers
with breast and ovarian cancer as compared with non-carrier patients. Notably, this
OS difference was not seen in BRCA2 mutation carriers [47].

Systemic Therapy Options for Women with BRCA
Mutation-Associated Breast Cancer

Traditionally, for those who develop breast or ovarian cancer, systemic therapy has
been selected similarly to those with sporadic cancers, and the choice of
chemotherapy (adjuvant or neoadjuvant as appropriate), endocrine therapy, and
radiation has been based on ER/PR/HER?2 status, lymph node involvement, and the
size of the tumor. However, the approach to treatment is changing based on the
recent data suggesting unique patterns of sensitivity and resistance to systemic
therapies in BRCA mutation-associated breast cancers [48-53].

Platinum Agents

Due to the involvement of the BRCAI/2 protein products in DNA-repair mecha-
nisms, BRCA mutational status may impact sensitivity to different chemotherapeutic
agents [54-56]. In vitro studies have demonstrated that BRCAI-defective cell lines
are sensitive to DNA-damaging agents, such as platinum, and are relatively resistant
to taxanes compared with BRCA-competent cell lines [57, 58]. Several subsequent
clinical studies have supported these preclinical findings [48, 49, 51]. Byrski et al.
reported a remarkable pathological complete response (pCR) rate of 80% in a small
prospective trial evaluating neoadjuvant cisplatin in BRCAI mutation-associated
breast cancer [48]. A subsequent study by the same group treated 107 women with
stage 1-3 breast cancer with known BRCAI mutation with four cycles of neoad-
juvant cisplatin and found a pCR rate of 61% (65/107 patients) [59]. The promising
neoadjuvant data with cisplatin initiated a randomized phase III trial comparing
carboplatin to docetaxel in metastatic BRCA mutation-associated breast cancer
(NCT00321633) and a smaller phase II trial evaluating cisplatin for metastatic
BRCA I mutation-associated breast cancer. Early results from the phase II trial have
been encouraging, with 46% of women achieving a complete response and 26% of
women achieving a partial response [60].

Antimicrotubule Agents

Several studies have evaluated the use of taxane agents in breast cancer patients
with germline BRCA mutations; overall, these studies have found poorer outcomes
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in patients with BRCA mutations. A phase III randomized controlled trial com-
paring carboplatin with docetaxel in patients with metastatic breast cancer (MBC)
or recurrent locally advanced BRCA-mutated breast cancer found that overall
response rate (ORR) was 68% in those patients receiving carboplatin versus 33.3%
in those who received docetaxel with progression free survival (PFS) of 6.8 months
versus 3.1 months, respectively [61].

Interestingly, several studies have suggested that the lack of efficacy with taxane
administration is limited to BRCA/ carriers. A trial presented at the 2010 American
Society of Clinical Oncology (ASCO) Annual Meeting showed improved ORR in
BRCA?2 patients compared tonon-carriers treated with taxanes (ORR 75% vs. 36%);
notably, however, the two groups had similar PES (4.6 vs. 4.7 months). A more
recent study presented at the 2015 San Antonio Breast Cancer Symposium
(SABCS) evaluated the response of patients with stage I-III breast cancer, including
12 BRCA carriers, to neoadjuvant weekly taxane followed by adriamycin/cy-
closphosphamide (AC) or 5-fluorouracil/epirubicin/cyclophosphamide (FEC).
None of the four patients with BRCAI mutations had a radiographic complete
response (CR) after taxanes (0%), while 2/8 BRCA?2 carriers had a radiographic CR
after taxanes (25%); 16.1% (18/112) of non-carriers had a radiographic CR after
taxane treatment alone. Notably, following taxane + AC/FEC treatment, pCR rate
was 50% of BRCA carriers and 31.3% of non-carriers [62].Similarly, another study
found that women with metastatic, hormone receptor-negative BRCAI
mutation-associated breast cancer had lower response rates and shorter time to
progression with a taxane-containing regimen compared with hormone
receptor-negative sporadic breast cancer controls [63]. Overall, these findings
suggest that BRCA mutation status predicts taxane resistance, with differential
efficacy between BRCAI and BRCA2 mutation carriers, and suggests that normal
BRCAI may be required for clinical response to antimicrotubule agents.

While of limited use as monotherapy in BRCA patients, taxane administration in
combination with DNA-damaging agents has been shown to have increased effi-
cacy. A study from MD Anderson Cancer Center demonstrated that BRCAI carriers
had a high pCR to neoadjuvant anthracycline-taxane-based chemotherapy (pCR in
46% of BRCAI carriers vs. 22% of non-carriers) [50]. The phase II Gepar Sixto
study found in patients treated with weekly paclitaxel/non-pegylated liposomal
doxorubicin, a pCR rate of 57.9% in BRCA carriers, compared to 40.2% pCR rate in
non-carriers. The pCR rate increased by 25% with the addition of weekly carbo-
platin in BRCA carriers (as compared with a 14% increase in pCR rate in
non-carriers) [64]. Another study presented at the 2014 ASCO meeting evaluated
the efficacy of neoadjuvant combination therapy with carboplatin and docetaxel in
sporadic and BRCA-associated TNBC. 86% (12/14) patients with deleterious
mutations achieved a pCR in this trial compared to 50% in the 28 patients with
sporadic TNBC [65].

In addition to taxanes, the antimicrotubule agent Eribulin has also been evalu-
ated in BRCA-associated breast cancer patients. The neoadjuvant Gepar Quinto
study evaluated 74 BRCA carriers with TNBC treated with epirubicin/cyclophos-
phamide followed by four cycles of docetaxel, with or without bevacizumab,
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and found a pCR rate of 50% (37/74) in BRCA carriers as compared with 31.1%
pCR rate in non-carriers [66].

Trabectedin

Trabectedin has been shown to block DNA binding of the oncogenic transcription
factor FUS-CHOP. In addition, preclinical and clinical data have suggested that
trabectedin may have specific activity against nucleotide excision repair intact or
HR repair-deficient metastatic breast cancer, suggesting potential efficacy in
BRCA-mutated breast cancer. When evaluated in heavily pretreated MBC patients
with germline BRCA and two mutations, trabectedin treatment every 3 weeks was
found to lead to partial response (PR) in 6/35 patients (17%), with median PFS of
3.9 months [67]. Similarly, a phase II trial of BRCA1/2 mutation carrier patients
with pretreated MBC, trabectedin resulted in PR in 4/29 (14%) patients, and median
PES of 3.3 months [68].

Lurbinectedin (PM01183)

Lurbinectedin (PMO01183) binds covalently to DNA and induces the formation of
double-strand breaks in a wide range of cancer cell lines, with particular activity
against platinum resistant tumors and HR-deficient cell lines. In this setting, it was
investigated in previously treated MBC patients with germline BRCA /2 mutations
with an ORR of 41% (1 CR, 6 PR, 6 stable disease (SD), 4 progressive disease
(PD) in 17 evaluable patients) with a median duration of response of 5 months. This
was as compared with an ORR of 9% and median duration of response of
3.3 months in an unselected cohort. In an exploratory analysis, the ORR in the
BRCA-mutated cohort was higher (64%, 7/11 patients) in PARP inhibitor naive
patients [69]. An ongoing trial is currently accruing to investigate this agent in
BRCA mutation carriers with MBC (NCT01525589).

PARP Inhibitors

With advances in molecularly targeted therapy in solid tumors, an appealing tar-
geted therapy for BRCA1/2 carriers, poly (ADP-ribose) polymerase (PARP) inhi-
bitors, has also been developed. PARP proteins play a role in single-strand DNA
repair; when PARP is inhibited, single-strand breaks cannot be repaired leading to
double-strand breaks at the replication fork [70, 71]. Because BRCAI and BRCA2
proteins are critical in double-strand DNA repair, combining PARP inhibition with
tumors that have defective BRCAI or BRCA2 proteins exerts a synergistic lethal
effect [72, 73]. This hypothesis has been supported by in vitro studies showing
enhanced cytotoxicity in BRCAI- and BRCA2-deficient cells compared with cells
with wild-type BRCA proteins [74, 75].
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Olaparib

In a phase I study of 60 patients, of whom 22 were BRCA catrriers, patients were
treated with two different dose levels of the PARP inhibitor olaparib; the maximum
tolerated dose (MTD) was determined to be 400 mg orally twice daily. The most
common side effects were grade 1 or 2 nausea, vomiting, fatigue, dysgeusia, and
anorexia. Myelosuppression (anemia or thrombocytopenia) was also observed in a
few patients [53]. All patients had a PR, according to Response Evaluation Criteria
in Solid Tumors (RECIST), with responses lasting 20-80 weeks in the 19 BRCA
mutation carriers with ovarian, breast, or prostate cancer who could be evaluated for
tumor response.

Phase II multicenter, multinational studies that examined breast and ovarian
cancers independently were then conducted in mutation carriers. Both used the
phase I MTD, 400 mg twice daily, and 100 mg twice daily because this dose was
the lowest dose at which an antitumor effect was seen in the phase I trial. The
primary endpoint for both studies was the ORR. Among breast cancer patients, the
ORR for those in the 400-mg arm was 41% (11 of 27), with an additional 44%
(12/27) of women achieving SD. For those with MBC on 100-mg olaparib, 22%
(6/27) had PR and an additional 44% (12/27) of the patients achieved SD. These
results were particularly impressive because the patients had undergone a median of
three prior chemotherapy regimens. Similar results were observed in the ovarian
cancer study, with an ORR of 33% (11/33) in the 400-mg arm. The most common
side effects were nausea and fatigue [76, 77]. A subsequent multicenter phase II
basket trial evaluated olaparib monotherapy in 298 patients with heavily pretreated
recurrent cancers including ovarian, breast, pancreatic, and prostate cancers with
BRCA1/2 mutations. Of the 62 patients with BRCA-mutated breast cancer, ORR
was 12.9% (8/62) and 47% of patients had disease stabilization for at least 8§ weeks.
This response rate was better for those patients without prior platinum exposure
(20% vs. 9.5%). This lower objective response rate compared with previous studies
was suggested to be due to the heavily pretreated nature of these patients, with a
mean of 4.6 prior chemotherapy regimens in the metastatic setting [78]. These data
resulted in a paradigm shift assuming that BRCA1/2 carriers have differential sus-
ceptibility to systemic therapy compared with non-carriers. Ongoing studies include
OlympiA, a phase III randomized trial of olaparib as adjuvant monotherapy in
BRCA-mutated TNBC patients, which began enrolling in April 2014 with 1320
patients targeted across 550 sites and 25 countries worldwide (clinicaltrials.gov,
NCT02032823).

Veliparib (ABT 888)

Veliparib is a potent, orally administered small molecule inhibitor of PARP1 and
PARP2. Similar to olaparib, monotherapy with veliparib has been shown to be
efficacious in BRCA-associated breast cancer patients. In a phase I study of
single-agent veliparib, ORR was 29% (4/14 patients) in BRCA-mutated breast
cancer patients as compared with ORR 5% (1/21 patients) in non-carriers [79]. In a
subsequent phase II trial of BRCA-mutated MBC, single-agent veliparib was
administered orally at 400 mg twice daily until progression, at which time therapy
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was transitioned to combination veliparib dosed at 150 mg orally twice daily in
combination with carboplatin (AUC of 5) once every 3 weeks. Forty-one/forty-four
patients enrolled were treated, all with BRCA1/2 mutations. As of the time of
presentation at the ASCO 2014 meeting, the rate of PR was 17% (2/12 patients) in
BRCA1 patients and 23% (3/13 patients) in BRCA2 mutations who had at least four
cycles of follow-up. The authors noted time to failure on veliparib of 2.0 months for
BRCAI and 5.1 months for BRCA2 carriers. Of the ten patients who had proceeded
to combination treatment with veliparib and carboplatin, the authors noted one PR
in a BRCAI carrier [80].

Rucaparib (AG-014699, PF-01367338)

Rucaparib, a potent selective PARP1 and PARP2 inhibitor, was evaluated in a
multicenter, single arm phase II trial with 41 patients with BRCA-mutated breast
(17 patients) and ovarian (24 patients) cancer. Rucaparib was given on days 1-5 of
a 21-day cycle. Of these 41 patients, 38 had RECIST assessments with 5% ORR
(2/38); 26% of patients achieved SD for at least 4 months (10/38). The intermittent
dosing schedule was suspected to be the cause of the lower ORR found in this study
[81].

Niraparib (MK4827)

Niraparib is a potent, selective, orally available PARP1 and PARP2 inhibitor shown
in a phase I dose escalation study to have a 50% ORR (2/4 patients with PR) in
patients with advanced BRCA-associated breast cancer. Of those patients with
BRCA-associated ovarian cancer, 8/20 (40%) had PR [82]. Niraparib is also being
evaluated in HER2-negative MBC patients with germline BRCAI/2 mutations
versus physician’s choice (eribulin, vinorelbine, capecitabine, or gemcitabine) in an
ongoing clinical trial (NCT01905592).

Talazoparib (BMN673)

Talazoparib is the most potent and specific inhibitor of PARP1 and 2 in clinical
development with an ICs of less than 1 nM; it also functions by trapping PARP on
DNA. In the first in human dose escalation study of talazoparib, eight patients were
included with breast cancer (6/8 with deleterious BRCA mutations). Objective
responses occurred in 2/6 breast cancer patients with BRCA mutations (33%) [83].
In a subsequent study presented at 2013 SABCS, patients with solid tumors,
including 18 with BRCA-associated breast cancer, were treated with talazoparib
from 900 to 1000 pg/day. Of these 18 patients, one had CR, six PR, and five SD for
at least 12 weeks. Notably, four of the BRCA-associated breast cancer patients
enrolled in the trial had not responded to prior platinum-containing agents, none of
these responded to talazoparibeither [83]. Multiple upcoming studies will evaluate
talazoparib in patients with BRCA-associated breast cancer. These include:

e The phase I ABRAZO study randomizing patients with BRCA associated
locally advanced or MBC with one of two cohorts: those previously responding
to a platinum-containing regimen for MBC or those without prior platinum
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therapy but having previously received more than two prior chemotherapy
regimens for MBC (NCT02034916) [84]

e The phase IIl EMBRACA trial in BRCA-mutated patients with locally advanced
or MBC comparing talazoparib given 1 mg/day in 21-day cycles versus
physician’s choice (capecitabine, eribulin, gemcitabine, or vinorelbine) [85]

e The phase II single-center, non-randomized, multi-cohort trial evaluating the use
of talazoparib in patients with advanced solid tumors without curative thera-
peutic options. This trial will specifically look at cohorts including: BRCA
somatic mutations, BRCA somatic deletions, mutations, or homozygous dele-
tions in other BRCA pathway genes including ATM, PALB2, NBS1, Fanconi
Anemia genes, mutations, or homozygous deletions in PTEN and/or PTEN loss
by IHC, HR defects, and germline BRCA1/2 mutations [86].

Endocrine Therapy

While some studies have reported that tamoxifen reduces the risk of CBC by 50%
to 70% in BRCA mutation carriers [87-89], other studies have not reported a
significant reduction [90-94]. For example, two studies have demonstrated that
adjuvant use of tamoxifen was associated with a CBC risk reduction of 50% for
BRCAI carriers and 58% for BRCA?2 carriers, regardless of ER status [87, 95]. This
result differed from that of a small retrospective study comparing outcomes in
early-stage BRCA mutation-associated and sporadic breast cancer treated with ta-
moxifenwhich observed a lower OS in BRCA carriers, suggesting relative resistance
to tamoxifen [96]. Similarly, Metcalfe et al. did not observe a statistically significant
reduction in CBC risk associated with the use of tamoxifen [97]. Importantly, in
none of the studies [87, 95] tamoxifen was associated with a risk reduction in
women after oophorectomy. These results, however, require confirmation, and the
use of adjuvant tamoxifen is recommended in patients with BRCA mutation-
associated ER-positive breast cancer.

Currently, the role of aromatase inhibitors (AI) after RRSO or as an adjuvant
endocrine therapy in BRCA mutation-associated breast cancer is unknown. The
IBIS-II study is evaluating anastrozole versus placebo in high-risk women. In
addition, there is an ongoing French study evaluating letrozole versus placebo in
women with BRCA mutations [ClinicalTrials.gov identifier: NCT00673335].

Increased Surveillance

Current screening recommendations for the asymptomatic BRCA mutation carrier
encompass examination, imaging, and laboratory evaluation. Surveillance for
female carriers emphasizes screening techniques for breast and ovarian cancers.
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There is general agreement that women with a higher lifetime risk of breast
cancer, such as that conferred by a BRCA mutation, should undergo earlier and
more frequent screening, with additional imaging modalities considered. A con-
solidated summary of breast cancer screening recommendations published by the
National Comprehensive Cancer Network (NCCN), American Cancer Society
(ACS), American College of Radiology (ACR), and other national organizations for
the asymptomatic, female, BRCA mutation carrier includes the following [98, 99]:

e Monthly breast self-examination (BSE) beginning at the age of 18 years
Semiannual clinical breast examination (CBE) beginning at the age of 25 years
Alternating annual mammograms with annual breast magnetic resonance
imaging (MRI) beginning at the age of 25-30 years or individualized based on
the earliest age of cancer onset in the family [100].

While RRSO is more effective in preventing ovarian cancer in these women
compared to general population, some may not opt to pursue this intervention until
after their childbearing years. In the absence of more effective screening methods,
transvaginal ultrasound (TVU) and CA-125 levels continue to be recommended and
endorsed by national organizations for women who are at high risk for hereditary
breast and ovarian cancer syndromes (HBOC) [101]. Current NCCN screening
guidelines for BRCA mutation carriers who are not undergoing RRSO include the
following:

e Semiannual concurrent pelvic examination, TVU, and CA-125 antigen deter-
mination beginning at the age of 35 years or 5-10 years earlier than the
youngest age at which any family member was diagnosed with ovarian cancer.

Mutations in the tumor suppressor genes BRCAI and BRCA2 place male and
female carriers at increased risk for a number of other cancers, notably pancreatic,
melanoma, colorectal, and other gastrointestinal tumors. No expert consensus or
evidence-based guidelines exist regarding screening for these cancers. Some liter-
ature and investigational studies support considering the following additional
surveillance modalities [102—-104]:

e Pancreatic: annual endoscopic ultrasound, beginning at the age of 50 years or
10 years prior to the earliest pancreatic cancer diagnosis in the family
Melanoma: annual full body skin and ocular examination
Colorectal: population screening guidelines, beginning at the age of 50 years
and continuing until 75 years old

e Annual fecal occult blood testing

e Sigmoidoscopy every 5 years or colonoscopy every 10 years.
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Meena S. Moran

Introduction

The optimal management of these patients with hereditary breast carcinoma (hBC)
continue to raise discussions and concerns, with only a small proportion of breast
cancer cases diagnosed annually attributed to a documented autosomal dominant
transmission of deleterious BRCAI and BRCA2 genes. Compared with the
mid-1990s when these 2 genes were first discovered, the increasing awareness of
breast cancer, genetic testing, and more widespread screening and improvements in
imaging modalities and prophylaxis have resulted in a larger proportion of hered-
itary BCs presenting with early stage disease. Breast conservation therapy (BCT),
defined as breast-conserving surgery (quadrantectomy, partial mastectomy or
lumpectomy) followed by whole breast radiation therapy (WBRT), is now a stan-
dard and proven alternative to mastectomy for early stage breast cancer and is
supported by long-term follow-up from Level I data which have demonstrated the
equivalence of BCS to mastectomy for early stage breast cancer [1-6]. Addition-
ally, the meta-analysis pooling data from these trials has unequivocally demon-
strated a small, statistically significant benefit in overall survival with the use of
whole breast radiation therapy after lumpectomy [6]. Unfortunately, the era in
which these trials were conducted significantly predates genetic testing for hered-
itary breast cancers and our knowledge of BRCA mutations, and thus, outcomes
based on mutation status from these trials are lacking. Furthermore, given the
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significant differences between the clinical manifestations of BRCAI (and, to a
lesser extent, BRCA2)-associated breast cancers compared with sporadic breast
cancer, it is difficult to extrapolate the data from the BCT trials to hereditary BC.
Several clinical-pathologic features found be to highly prognostic in the general
sporadic BC population, such as high-grade disease or triple-negative subtype, have
also been found to be more frequently associated with BRCAI, which may suggest
worse long-term outcomes for hereditary BC. Therefore, it is reasonable to consider
that these differences in genotypes may also have implications for management of
women with BRCA-associated BC.

This chapter reviews the clinical and radiobiologic treatment concepts of radi-
ation therapy, reviews local-regional management principles with breast conser-
vation therapy versus mastectomy in hereditary breast cancers, and provides an
overview of the theories and implications of radiation therapy delivery in BRCA
mutation carriers.

Radiobiology and Radiation Concerns Specific to BRCA
Carriers

Radiation Biology of X-rays

The X-rays used in both diagnostic and therapeutic radiotherapy consist of ionizing
radiation, derived from the ejection of electrons of a molecule, which then produce
direct and indirect effects on DNA of targeted cells. The aim of therapeutic radiation
is to induce DNA damage in the form of double-stand breaks, which ultimately
leads to cell death (of tumor) and repair of damage (normal tissue). These thera-
peutic benefits of radiation therapy in eradicating tumor cells relative to surrounding
normal tissue are principally based on the several important factors: total radiation
dose delivered to the tumor, the interval of the fractionation (i.e., frequency: daily,
once a week, twice a day), fractionation dose (i.e., 200, 300, 500 cGy), the toler-
ance of the surrounding normal tissue to radiation, and the enhanced ability of
normal tissue to repair itself relative to tumor cells.

Radiation damage can be classified by its ability to cause potentially repairable
effects to either the tumor or the surrounding normal tissue. Operationally, radiation
damage can be divided into three categories: (a) lethal damage, which is irreparable
and irreversible damage which leads to cell death (b) potentially lethal damage
(PLD), which can be reversible or modified by post-irradiation environmental
conditions, and (c) sub-lethal damage, which is reversible within hours of the
radiation damage unless additional sub-lethal damage (an added fraction of radi-
ation) is added. Separate targets within any individual (normal or cancer) cell that
sustain sub-lethal damage can combine the effects of the damage to form lethal
damage [7]. Alternatively, the repair of sub-lethal damage mandates that a complex
cascade of events function appropriately to produce enzymes/proteins that detect
DNA damage and repair.
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Relationship Between Radiation and BRCA

Although the proteins produced by BRCAI and BRCA?2 are distinct and structurally
unrelated, they are both known to be key components of large multi-protein
complexes that have been identified to be involved in the repair of double-strand
breaks by homologous recombination, and DNA repair through excision of
nucleotides associated with transcription [8, 9]. The normal repair of double-
stranded DNA breaks by homologous recombination occurs by use of the
unmodified complementary strand of the DNA complementary strand of the DNA,
called sister chromatid or homologous chromosome, as a template, to recover the
original information. For sporadic breast cancers treated with radiation, normal
tissue surrounding the tumor cells repair double-strand breaks by 3 distinct
mechanisms: non-homologous end joining, microhomology-mediated end joining
and homologous recombination. Conversely, the breast cancers cells, which
inherently are mutated to a degree, have difficulty with double-strand breaks or
other radiation-induced DNA damage, often rendering them irreparable because
neither strand can then serve as a template for repair. This then results in cell death
or in rarer instances, resulting in unregulated cell division, which can lead to the
formation of a secondary malignant tumor.

Though the exact process of DNA repair and the activation of proteins con-
trolling the cell cycle with radiotherapy remain to be further elucidated, it is known
that proteins such as p53 and p21, which function to stop the cell cycle and direct
the cell to apoptosis (programmed cell death), are involved [10]. Various BRCA
proteins bind to RADS51, a 339-amino acid essential recombinant protein known to
be central in homologous recombination repair. This, along with other pathways,
results in the failure of cells to arrest and/or repair DNA damage [11]. RADS5I is
thought to be involved in stages of the S and G2 phases of the cell cycle. When the
BRCA-RADS 1 pathway is defective, the DNA repair process is re-directed through
an alternative and often faulted pathway. Though this general association between
the BRCA genes and RADS5I has been elucidated, there are many unidentified
pathways, associations, and roles of various proteins that remain to be deciphered
[8, 11]. For example, BRCAI has been found to be involved in various cellular
functions, including crucial roles in cell cycle checkpoint control and transcriptional
regulation, X-chromosome inactivation, and mammary gland development [12].
Therefore, inactivation of genes encoding cell cycle checkpoint proteins (e.g., p53)
results in uncontrolled, continuous divisions of the cell, and malfunctioning of these
complex pathways results in the observed high incidence of cancer development
that is experienced by BRCAI and BRCA2 patients (i.e., breast/ovarian cancer).

Furthermore, these same pathways may have potential implications for increased
toxicity or sensitivity to radiation in BRCA carriers. Though somewhat conflicting,
the published laboratory-based data suggest that BRCAI/2-mutated mice or cells
show elevated radio sensitivity among those with a defect in the BRCA genes
[13, 14]. For example, murine embryos with BRCAI mutations have been shown to
be exquisitely sensitive to radiation [15], and this radio sensitivity is most



154 M.S. Moran

pronounced after irradiation to assays at low-dose rates [16]. Nevertheless, the
clinical data, particularly with respect to therapeutic radiation in mutation carriers,
remains limited and conflicting.

Our baseline understanding of the functions of BRCA genes has led to concerns
that patients with a BRCAI/2 mutation may be more sensitive to the deleterious
effects of ionizing radiation due to an impaired capacity to repair double-strand
DNA breaks. This may have consequences for the use of mammography in breast
cancer screening, particularly for young BRCAI and BRCA2 mutation carriers.
Furthermore, for BRCA carriers afflicted with breast cancer, mutation status may
have implications for treatment decisions such as breast conservation therapy versus
mastectomy, the use of post-mastectomy radiation therapy, and potential added
toxicity and risk of radiation-induced malignancies. These discussions are partic-
ularly relevant because both diagnostic and therapeutic ionizing radiations are
well-documented risk factors for secondary malignancies for all patients [17].

The major concern for BRCA mutation carriers, along with other genetic syn-
dromes that have defects in genes involved with DNA repair, is the potential
radiation damage to adjacent normal tissue when targeting the tumor. Neighboring
normal tissue, incidentally exposed to radiation, can also sustain sub-lethal damage,
which is more susceptible to progress to lethal damage since the surrounding
normal cells also harbor DNA repair mutations, raising concerns for the potential
increase in radiation-induced acute or long-term toxicity effects such as severe
fibrosis, telangiectasia, brachial plexopathy, lymphedema, and second malignan-
cies. Another concern is the long-term effects of low-dose scatter radiation to the
surrounding healthy tissue, which is inherent with any radiation delivery, and its
augmented potential for carcinogenic effects in hereditary BC patients. Because
multiple genetic hits are necessary for tumorigenesis, individuals that carry germ
line mutations in DNA damage response genes are theoretically felt to be partic-
ularly prone to cancer development.

Due to the involvement of BRCAI and BRCA?2 in the repair functions described
above which typically repair aberrations induced by radiation to normal tissue,
BRCAI and BRCA2 mutation carriers have been theoretically felt to be more sen-
sitivity to radiation. A DNA damage-induced BRCAI protein complex has descri-
bed as a part of the mRNA-splicing machinery which, in response to DNA damage,
regulates the pre-mRNA splicing of a number of genes involved in DNA damage
signaling and repair. Mutations in BRCAI and a number of genes encoding proteins
found within this complex have been reported to increased sensitivity to DNA
damage. Hence, these findings suggest an increased breast cancer risk from
low-dose radiation for women with a familial or genetic risk compared with the
general population [18].

Pre-clinical Data on Radio Sensitivity

The question of genetic deficiencies affecting the ability of normal tissue to repair
DNA damage from radiation therapy have been studied, assessing chromosomal



9 Radiation Oncology Considerations in the Management ... 155

radio sensitivity in patients with DNA damage processing genes such as those of
hereditary BC. For example, patients with hereditary disorders predisposing to
cancer development, such as hereditary retinoblastoma, ataxia-telangiectasia, and
Nijmegen breakage syndrome, have been demonstrated to have enhanced radio
sensitivity [19]. If breast cancer precursor cells such as breast lobules have sus-
tained a cancer-predisposing mutation at a locus such as p53, then entire breast
lobule carries this mutation, explaining the elevated breast cancer risk observed in
germ line p53 mutation syndromes such as Li-Fraumeni syndromes. Similarly, high
dose ionizing radiation delivered during childhood or early puberty predisposes
women to adult-onset breast cancer [20].

Embryonic cells in mice with mutated BRCAI and BRCA2 have been shown to
display hypersensitivity to ionizing radiation [15, 21]. For BRCA2, radiation sen-
sitivity was measured in blastocysts as a function of inner cell mass outgrowth and
trophoblast cell number after 400 cGy of vy irradiation. While wild-type and
heterozygous BRCA2 embryos had a minimal reduction in inner cell mass out-
growth, there was complete ablation of the inner cell mass in homozygous mutated
BRCA2 embryos in addition to reduction in the number of trophoblast cells in
homozygous mutant embryos compared with wild-type heterozygous and control
embryos [15]. Similarly, studies of mutated mice embryos with homozygous
BRCAI mutations have also demonstrated hypersensitivity to vy irradiation [21].

In addition, there are translational studies that show a higher sensitivity of BRCA
mutation carriers to radiation. In one study, lymphocyte cultures of BRCA carriers
exposed to 1 Gy of radiation had significantly higher mean chromatid breaks per
cell than non-carriers and a higher maximum number of breaks compared with
matched controls [22]. These findings are consistent with other similar studies
suggesting a higher radiation sensitivity in BRCA carriers.

The sensitivity of cells to different types of DNA damage has also been explored
in BRCA carriers. Peripheral lymphocytic cells containing a heterozygous mutation
in BRCA1 have been found to be more sensitive toward combinations of radiation
and chemotherapy agents such as bleomycin, cisplatin, cyclophosphamide, and
bis-chloroethylnitrosourea [23]. These findings suggest that BRCA carriers may be
at higher risk for the induction of mutations and secondary cancers with standard
therapies.

Nevertheless, the sensitivity of BRCAI and 2 mutation carriers to radiotherapy
investigated by prelaboratory data remain conflicting. In contrast to the data dis-
cussed above, there are published data in which a relationship between mutation
status and radio sensitivity was not able to be established [24, 25].
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Therapeutic Management of BRCA Mutation Carriers
with Radiation Therapy in the Breast Conservation
Setting Breast Conservation

Breast-conserving therapy (BCT) consists of surgical removal of the primary tumor
followed by radiation therapy to the intact breast and is utilized as a standard
treatment approach for localized ductal carcinoma in situ (DCIS) and early stage
breast cancer. With the incidence of breast cancer detection migrating to earlier
stages of disease, in addition to the more widespread use of neoadjuvant
chemotherapy to downsize tumors which otherwise would previously have required
mastectomy, there are an increasing numbers of patients who are eligible for breast
conservation therapy. In both the invasive and DCIS setting, multiple randomized
prospective studies have demonstrated equivalent long-term survival outcomes for
BCT compared to mastectomy and the benefits of whole breast radiation therapy
after conservative surgery in reducing local-regional relapse compared with
breast-conserving surgery alone [1, 3-6, 26, 27].

While defining the appropriate selection of patients for a breast-conserving
approach is sometimes debated, the established criteria are based on the ability to
(1) achieve an acceptable cosmetic result (i.e., tumor size with respect to breast
size), (2) obtain negative margins at surgery, and (3) safely deliver radiation therapy
and minimize potential for side effects. In terms of radiation, the technique utilized
in each of the trials establishing breast conservation therapy utilized whole breast
radiation therapy delivered using external beam techniques. Target volumes to
encompass the entire breast volume typically extend from the clavicular head
superiorly to approximately 2 cm below the inframammary fold inferiorly, and
from the midline medially and approximately 2 cm beyond palpable breast tissue
laterally (usually at mid-axillary line) (Fig. 9.1a—c). The current technology man-
dates an in-depth knowledge of the anatomy and treatment techniques to improve
homogeneity in the treatment field while minimizing the dose to organs at risk. An
anatomic atlas for volume contouring both tumor and normal tissues have been
established [28]. The vast majority of patients treated in these trials were treated
with conventionally fractionated, whole breast radiation delivered which entails
180-200 cGy per day to doses of 4500-5040 cGy delivered over a 5-6 week
period. In most contemporary practices, the practice of boosting is also employed,
where an additional radiation dose of 1000-1600 cGy is delivered to the lumpec-
tomy bed to dose escalate the region at highest risk of recurrence, ultimately
requiring patients to receive daily treatments from 5 to 7 weeks of treatment.

Results of Breast Conservation in BRCA Carriers Versus
Sporadic Cancers

Early studies of familial breast cancer used a positive family history as a surrogate
for genetic predisposition; therefore, many of these publications included patients
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Fig. 9.1 CT treatment planning scan of a patient receiving radiation therapy to the left breast after
breast-conserving surgery and sentinel node biopsy. Various cardiac avoidance techniques can be
utilized to minimize heart and lung exposure. a Axial section showing dose distribution to the
whole breast. b Sagittal section demonstrating the dose to the breast with avoidance of the heart.
¢ The digital reconstruction illustrates the medial and lateral tangential beams as they intersect with
on the skin. In this case, a small cardiac block is used to significantly decrease heart/lung dose

who did not necessarily harbor BRCAI/2 gene germ line mutations. Hence,
conflicting results reported across studies may be related to the inaccuracy of risk
assessment when genetic predisposition was based on a positive family history
rather than a true genetic mutation. For example, one investigation of patients
with > 3 first-degree relatives with breast or ovarian cancer or whose families had
BRCAI/2 mutations found that local recurrence rates after breast-conserving



158 M.S. Moran

surgery were initially similar to patients with sporadic breast cancer; however, with
longer follow-up, higher rates of recurrence were found in the hereditary group
compared with age-matched patients with sporadic disease [29]. The majority of
these earlier studies did not demonstrate genetic predisposition as an independent
predictor of local recurrence after breast-conserving surgery and whole breast
radiation therapy in patients with loosely defined criteria of risk [30-33].

Once the identification and cloning of BRCAI and BRCA2 genes became readily
available for patient testing, genetically predisposed patients began being sent for
genetic screening and testing for the presence of BRCAI/BRCA2 germ line muta-
tions. One of the earliest reports of breast conservation therapy in genetically tested
BRCA carriers was a case controlled study from Yale in which the frequency of
BRCAI/BRCA2 mutations was studied in a series of breast cancer patients who had
experienced an in-breast recurrence. Of the 52 patients identified with a docu-
mented in-breast failure, 8 (15%) were considered to have had a deleterious
mutation, though one of these mutations was subsequently classified as no longer
being deleterious, thus reducing the frequency of BRCA carriers to 13% of the
cohort [34]. Interestingly, the median time to IBTR in the BRCAI/BRCA2 carriers
was 7.8 years compared to 4.7 years for patients without a germ line mutation,
suggesting that recurrences in mutation carriers were more likely to be new pri-
maries with a longer time for development of the second breast cancer than a true
cancer recurrence.

There is a body of published literature studying the rates of in breast recurrence
for BRCAI/BRCA2 compared to sporadic breast cancers. In a series from Memorial
Sloan-Kettering Cancer Center, archival tissue samples were retrospectively col-
lected from 305 women of Ashkenazi Jewish descent treated with BCT, of which
28 harbored genetic mutations. On multivariate analysis, only age remained a
significant predictor for IBTR with a relative risk of 2.5; BRCA mutation status did
not significantly predict for increased risk of IBTR [35].

Another series that was unable to show BRCAI/2 status to be an independent
predictor of ipsilateral breast tumor recurrence was a cohort of BRCA1/2 carriers
compared with women with sporadic breast cancer treated at Institute Curie. At a
median follow-up of 8.8 years, the crude rates of local breast tumor recurrence in
27 BRCAI and BRCAZ2 patients was 24% compared with 19% in 261 women with
sporadic breast cancer (p = 0.47). These data were updated at a 13.4-year median
follow-up and similarly reported no difference in the rates of ipsilateral recurrence
between the 2 cohorts with extended follow-up (36% BRCA vs. 33% sporadic,
p = 0.42) [36].

A multi-institutional series by Pierce, et al. published in 2000 reported on 71
women with a BRCAI/2 mutation and stage I/II breast cancer treated with BCT that
were matched 1:3 with 213 women with sporadic breast cancer from centers across
North America. The objective of the study was to assess radiation-associated
complications and patterns of recurrence between the 2 cohorts. While
BRCA-associated tumors were associated with higher histologic and nuclear grades
and were more likely to be estrogen/progesterone receptor negative than the spo-
radic cohort, none of the outcome endpoints (5-year actuarial overall survival,
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relapse-free survival, or in-breast local control) differed significantly between the 2
cohorts. There were no significant differences in acute or chronic morbidity in skin,
subcutaneous tissue, lung, or bone based on the Radiation Therapy Oncology
Group/European Organization for Research and Treatment of Cancer
(RTOG/EORTC) toxicity scoring scale. Based on their findings that tumor control
rates, survival, and radiation sensitivity in breast tissue heterozygous for a BRCA1/2
germ line mutation were similar to matched controls at 5 years, the authors con-
cluded that, though longer follow-up was needed, administering radiation to germ
line BRCA1/2 mutation carriers is safe [37].

This multi-institutional cohort was subsequently expanded to be of the largest
series to analyze the role of breast conservation in BRCA carriers with data from 11
institutions. Again, the outcomes of 160 BRCAI/BRCA2 patients with Stage I or II
breast cancer treated with breast-conserving surgery and whole breast radiotherapy
were matched with 445 patients similarly treated with sporadic disease. There was
no significant difference in IBTR overall between carriers and controls; 10- and
15-year estimates were 12 and 24% for carriers and 9 and 17% for controls,
respectively (hazard ratio [HR], 1.37; P = 0.19). Of note, the incidence of in-breast
recurrences did not differ between the 2 cohorts for carriers who had undergone
oophorectomy (p = 0.37). However, when multivariate analyses removed the
patients who had undergone oophorectomy, BRCA 1/2 mutation status was found to
be an independent predictor of IBTR by nearly twofold (HR, 1.99; P = 0.04); the
incidence of IBTR in BRCA carriers who had undergone oophorectomy was not
significantly different from that in sporadic controls (P = 0.37) [38].

An important series from Yale establishing the likelihood of late recurrences in
BRCA patient evaluated the outcome of BCT in a series of 127 patients diagnosed
with breast cancer by age 42 who underwent testing for germ line BRCA1/BRCA2
mutations. Of these, 22 were found to have deleterious mutations. At a median
follow-up of 12.7 years, the rate of in-breast recurrences was found to be similar in
the two groups until approximately 6 years, after which significantly more recur-
rences (49%) were observed in the BRCA group compared with 21% in the sporadic
group (P =0.001). The multivariate analysis adjusting for the effects of age
revealed that the mutation status remained a significant predictor for IBTR. In
comparing the histology and sites of the recurrences to the original cancers, 9/11
cancers (82%) were felt to be new primaries as opposed to true clonogenic relapses.
Of note, none of the patients in the BRCA cohort had received adjuvant hormonal
therapy or prophylactic oophorectomy, in contrast to the aforementioned studies in
which BRCA-associated breast cancers had received these interventions [38]. These
high rates of in-breast relapses in the BRCA cohort led the authors to conclude that
patients with germ line BRCA1/2 mutations remain at significantly higher risk of
second primary tumors in the residual tissue after breast conservation treatment
[39]. These findings are consistent with the results of multi-institutional analysis
described above that found increased rates of ipsilateral and contralateral breast
cancers in the absence of oophorectomy and tamoxifen [38]. These findings are also
consistent with another series published in 2009 that reported on 54 BRCAI/2
patients which also demonstrated a statistically significant higher risk of local
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events after breast-conserving surgery and radiation. At 5 years, they reported a
local relapse rates of 15% in BRCAI1/2 carriers compared with 4% in sporadic
controls (p = 0.03) [40].

Though some of the results across studies appear conflicting in their conclusions,
this may be due to their retrospective nature and differences in factors such as
follow-up time, sample size, and ascertainment bias or confounding by factors that
affect local recurrence such as margin status, radiation dose, and use of
oophorectomy and hormonal therapy. These limitations should be considered when
interpreting these results. Ultimately, evaluation of the aggregate data surprisingly
suggests consistent findings across the studies: outcomes with breast conservation
therapy are similar in terms of early IBTR between BRCA-related and sporadic
breast cancers; with longer follow-up; however, BRCA-associate breast cancers
appear to have a higher risk of in-breast recurrences (or new primaries) with the use
of breast-conserving therapy. This was recently confirmed by a recent meta-analysis
which concluded that breast conservation therapy does not increase the risk of
in-breast relapses in BRCA mutation carriers compared with non-carriers, that
radiation therapy was at least as effective, though BRCA carriers were at increased
risk for new primaries given the continued risk in the residual mutated breast tissue.
Ultimately, there was no overall survival difference between carriers and
non-carriers after breast conservation therapy [41].

Breast Conservation Versus Mastectomy in BRCA-Associated
Breast Cancers

Assessing the equivalence of breast conservation therapy versus mastectomy in
BRCA carriers will likely never be determined in a prospective fashion. The only
study to assess this specific question was a multi-institutional series in which BRCA
patients across 9 institutions were analyzed by treatment type to determine out-
comes of breast conservation compared with mastectomy. In this series, 655
BRCAI or BRCA2 patients were treated with breast conservation (n = 302) or
mastectomy (n = 353) were analyzed by treatment type and outcomes. They
reported in-breast failures to be significantly more likely after breast conservation
compared with mastectomy (15 year: 23.5% vs. 5.5%, p < 0.0001). Concordant
with other previously discussed data, the failures after breast conservation appeared
to be new primary cancers, and not failures in controlling the primary tumor [42].

Radiation Toxicity Considerations for BRCA Mutation
Carriers

The issue of radio sensitivity in BRCA-mutated tumors stems from theoretical and
preclinical data that suggest the inherent inability of BRCA carriers to repair
treatment-induced damage, which would potentially provide a benefit in tumor-cell
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killing, but simultaneously would make surrounding normal tissue susceptible to
radiation-related complications. Theoretic and laboratory-based concerns of
increased sensitivity of BRCA heterozygote normal tissue resulting in increased
complications with radiation exposure have been explored (see discussion above,
radiobiologic considerations). The earliest clinical studies of radiotoxicity predate
routine genetic testing in patients perceived as being high risk for genetic suscep-
tibility and were limited by their use of a loosely defined family history as a
surrogate for mutation status [43].

Risk of Acute/Long-Term Radiation-Related
Toxicity in BRCA Carriers

In order to evaluate the risk of radiation-related toxicity to the breast and sur-
rounding heart, lung, or soft tissue in BRCA-associated cancers versus controls in a
precise fashion, a variety of factors need to be controlled for (apart from the
radiation dose delivered), which include, but are not limited to, patients’ body
habitus/breast cup size, inhomogeneity across radiation treatment plans, and dif-
ferences in ethnicity which may result in inherent differences in skin reactions.
Thus, determining whether toxicity of radiation therapy is increased in BRCA
mutation carriers relative to sporadic controls, controlling for confounding vari-
ables, is challenging.

In 1998, Gaftney, et al. evaluated acute radiotherapy reactions in 30 BRCAI and
20 BRCA?2 carriers, without a control for comparison, and reported the most severe
radiation reaction to be moist desquamation which was described as self-limited in
29% (6/21) of irradiated patients [44].

Subsequently, larger clinical studies where radiation response has been measured
in BRCA carriers have not found any differences in acute and chronic toxicity. The
multi-institutional series by Pierce, et al. evaluated differences in acute or chronic
morbidity in their cohorts of patients and reported on skin, subcutaneous tissue,
lung, or bone based on the RTOG/EORTC toxicity scoring scale. They did not find
any significant differences between BRCA carriers and sporadic controls [37].
Another series from the UK assessed acute and late toxicity in BRCA mutation-
associated breast cancers compared with sporadic controls. They reported no dif-
ferences in breast erythema, moist desquamation, or fatigue as acute side effects (all
p > 0.05) and no differences in rib fractures, lung fibrosis, necrosis of soft
tissue/bone, and pericarditis as late effects (p > 0.05). In addition, LENT-SOMA
scores and clinical photography failed to detect any differences in patient-reported
pain, edema, fibrosis, telangiectasia, or ulcerations. Further, no differences were
found in terms of atrophy (assessed by physical examination), use of medications
for pain, atrophy or ulcers, or need for lymphedema management [45]. Thus, it is
generally felt that though there are theoretic and in vitro-based radiobiologic con-
cerns regarding increased sensitivity to radiation resulting in increased acute and
long-term toxicity for BRCA carriers, the existing limited clinical data does not
support these concerns.
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Secondary Radiation-Induced Malignancies and/or Increase
in Contralateral Breast Cancer Risk

Age is the one the most important risk factors for determining likelihood of
developing a secondary malignancy. The younger the patient is at the time of
radiation treatment, the higher the risk is of a future second cancer. It is well
documented that the overall risk of contralateral breast cancers in BRCA germ line
carriers at a baseline is high. When considering factors that can modify the risk of
contralateral breast cancers, radiation needs to be discussed in the context of breast
conservation therapy; specifically, whether the use of radiation for BRCA-associated
breast cancers puts patients at a higher risk of additional second malignancies
including contralateral events and in field recurrences. It is well documented from
studies risk of radiation-induced malignancies in atomic bomb survivors and
patients exposed to X-rays in the diagnostic setting that a minimal latency period of
10-12 years is required between radiation exposure and secondary cancer onset.
Thus, when interpreting studies on radiation-induced breast cancer risk or second
malignancy risk, duration of follow-up remains a critical factor. It is also important
to recognize that a threshold dose for secondary malignancy development has not
been identified, and the dose-effect relationship from these studies appears to be
somewhat linear. This suggests that any exposure to ionizing radiation can be
carcinogenic depending on radiation variables (higher total dose, larger individual
exposure dose, cumulative dose, larger field size etc.) [46]. In addition, there are
numerous other additional factors (other than direct radiation-related cell killing and
fractionation) that can affect the magnitude or the shape of the dose-response curve
after therapeutic radiation exposure. These include host variables such as mutations
in genes affecting repair and hypoxia.

BRCAI or BRCA?2 carriers with breast cancer have been shown to be at increased
risk of contralateral breast cancer compared with non-carriers after receiving
radiotherapy [47, 48]. This increased risk is particularly apparent in genetically
predisposed young women (<40 years). In the Yale series, contralateral events were
significantly higher in BRCA1/2 carriers after whole breast radiation compared with
the sporadic controls (42% vs 9%, p = 0.001) and remained significant on multi-
variate regression analysis adjusted for age [39]. Another series similarly found
higher rates of second malignancies in BRCA deleterious mutation carriers com-
pared with controls. At 10 years of follow-up, secondary malignancies were seen in
14% in sporadic patients versus 39% BRCA patients [49]. In the multi-institutional
series by Pierce, et al., contralateral breast cancers were also significantly increased
in carriers versus controls, with 10-year estimates of 26% versus 3% and 15 year
estimates of 39% versus 7% (HR: 10.43, p < 0.001) [38].

Other studies have failed to show an increase in contralateral breast cancer risk
[38, 50, 51]. For example, a nested case-control analysis from the WECARE study,
a population-based study of a large genetically tested cohort of 603 metachronous
contralateral breast cancers matched with 1199 patients with unilateral breast cancer
(of which 158 were BRCAI/2 mutation carriers), analyzed risk of contralateral
events after radiation therapy. They reported no increased risk of contralateral
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breast cancer events after radiotherapy for primary breast cancer, adjusting for age
of diagnosis, age at menarche and menopause, number of full-term pregnancies,
family history, and receipt of adjuvant systemic treatment, histology, and stage of
the first primary [51]. Furthermore, the WECARE study found no clear evidence of
increased contralateral breast cancer risk for patients treated with breast radio-
therapy among carriers of BRCAI/BRCA?2 mutations [52].

Lastly, another cohort study of BRCA/2-breast cancer patients found no asso-
ciation between radiotherapy for primary breast cancer and risk of contralateral
breast cancer, and no increased risk of additional (second) primary breast cancers or
contralateral cancers in the BRCAI/2 breast cancer patients who were irradiated
before the age of 40 years [48].

Existing published data to support a higher risk of scatter ionizing therapeutic
radiation increasing the carcinogenic effect in BRCAI/2-associated breast cancers
(relative to sporadic breast cancers) is weak. However, this does not likely apply to
young BRCA 1/2 mutation carriers since there are relatively good data to support the
development of secondary cancers from diagnostic (low-dose) radiation in young
mutation carriers. Hence, clinicians rightfully remain concerned regarding a car-
cinogenic effect of therapeutic ionizing radiation in young BRCAI/2 mutation
carriers. The major factors associated with decreased risk of contralateral breast
cancers in BRCA+ patients are oophorectomy, increased age at diagnosis, and use
of adjuvant tamoxifen

In summary, though both therapeutic and diagnostic radiation exposure is known
to increase the risk of secondary malignancies, particularly in the young age group,
clinical data analyzing increased risk of BRCAI and BRCA2 mutation carriers
relative to sporadic breast cancer patients is limited due to the inherent difficulties
(such as selection bias) in conducting well designed studies to accurately assess the
magnitude of increased risk.

Faster Radiation Delivery Methods

Although conventionally fractionated radiotherapy course treats the entire breast,
typically followed by a boost to the tumor bed over six to seven weeks, and the
efficacy and cosmetic outcomes of such regimens are well-established, two strate-
gies are being investigated to address the lengthy treatment time associated with
adjuvant radiotherapy for early stage breast cancer. The techniques and applicability
for BRCA-associated breast cancers is discussed below.

Hypo-fractionated Whole Breast Radiation Therapy
Recent efforts to shorten the course of conventionally fractionated whole breast

radiation have established the use of hypo-fractionated whole breast radiation,
whereby with larger daily fractions (i.e., 267 cGy) are delivered to a biologically
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equivalent dose to the total dose of standard fractionated (i.e., 39 Gy in 13 frac-
tions, or 42.9 Gy given in 13 fractions) to the whole breast volume. Several
prospective randomized trials have demonstrated long-term efficacy that is
non-inferior to standard fractionation of 5-7 weeks with similar toxicity profiles
[53-57]. Despite the excellent local control and cosmetic results demonstrated in
these studies with the use of hypo-fractionation, there remains controversy as to
which patients are eligible for these shorter fractionation schemas based on patients
that were included in the original trials [58]. Although an American Society of
Radiation Oncology (ASTRO) 2010 consensus guideline was developed with
recommendations for appropriate patient selection for hypo-fractionation, [59]
patient eligibility is being re-evaluated and will likely evolve to include a broader
group of patients in the near future. Nevertheless, the vast majority of patients in the
randomized trials were >50 years of age, and the existing data and guidelines do
not support the use of hypo-fractionated whole breast radiation in younger patients
because the higher risk of local recurrence associated with younger age [54, 56, 57].
Furthermore, because the preponderance of existing data supporting
hypo-fractionated WBRT is derived from sporadic breast cancers that were
ER-positive tumors in patients >50 years of age, the outcomes for
hypo-fractionated WBRT have not been adequately assessed for BRCA-associated
breast cancers. Given that different breast cancer subtypes may have different
sensitivities to changes in radiation fractionation schedules (which forms the basis
of hypo-fractionation schemas), assessment with radiobiological modeling and
clinical trials needs to be done before routine use of this treatment in patients with
BRCA mutations. Until then, hypo-fractionated WBRT should be used with caution
in BRCA-associated cancers [60]. Regardless, the association of young age and
triple-negative subtype with genetic breast cancers typically precludes the clinical
applicability of hypo-fractionated WBRT for BRCA carriers.

Accelerated Partial Breast Irradiation

Another treatment modality under active investigation to shorten the lengthy
treatment time associated with whole breast radiation is delivery with accelerated
partial breast radiotherapy (APBI) techniques. The rationale for treatment of a select
portion of the breast around the lumpectomy cavity (as opposed to whole breast)
comes from data collected in both retrospective and prospective studies demon-
strating that the majority of local recurrences occur in close proximity to the tumor
bed. Local recurrences in other quadrants remote from the tumor bed are rare,
representing only 3-4% of recurrences [61]. Based on these concepts, APBI
techniques were designed to treat the highest risk portion of the breast, encom-
passing the lumpectomy cavity plus a margin of approximately 1-2 cm, typically
delivered twice a day over the course of one week. APBI can be delivered using
methods that utilize external beam photons (3D conformal EBRT), brachytherapy
(such as interstitial or balloon-based brachytherapy), or techniques that deliver
photons or electrons to the tumor bed intra-operatively (IORT: intra-operative
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radiation therapy). The vast majority of the existing data is retrospective and
prospective randomized trials with long-term follow-up are lacking. Current
guidelines support the use of APBI in highly selected low-risk patients using
specific modalities, [62—65] but patient selection criteria vary across organizations
and will remain controversial until data from additional randomized trials become
available. Similar to hypo-fractioned whole breast radiation, caution should be
utilized using APBI in BRCA-associated breast cancers until additional data become
available. The ASTRO consensus guideline developed in 2009 with recommen-
dations for appropriate patient selection for APBI specifically state that BRCA
mutation carriers fall under the “unsuitable” category [62].

Post-mastectomy Radiation Therapy (PMRT)

The use of radiation therapy is an integral component in the multidisciplinary
management of locally advanced breast cancer in the post-mastectomy setting.
Post-mastectomy radiation has been used for decades to reduce the risk of
local-regional recurrence in higher risk patients after complete removal of the breast
tissue and regional nodes, and is supported by many randomized trials with
long-term follow-up [66—68]. The techniques for radiation treatment to the chest
wall have evolved significantly since their initial use in the 1940s, with progressive
use of computed tomography (CT) simulation, modern-day linear accelerators,
computerized treatment planning modalities, and onboard imaging techniques [69].
These improvements in technology have significantly decreased toxicity to heart
and lung that was experienced with the older techniques, resulting in improvements
to the therapeutic ratio for radiation therapy in the post-mastectomy setting. With
meticulous treatment planning and improvements in techniques to decrease the
exposure to surrounding normal tissue, the benefits in decreasing local-regional
relapse have been shown to ultimately result in improvements in disease-free sur-
vival and overall survival due to significant decreases in cardiac and lung mortality
associated with older techniques [70]. Recently, the recommendations for
post-mastectomy radiation therapy have been revised to strongly consider radiation
for patients with one or more positive nodes [71]. The most recent update of
post-mastectomy radiation therapy guideline from the American Society of Clinical
Oncology (ASCO) has updated to recommend radiating patients with T1-2 breast
cancer with one to three positive axillary nodes after mastectomy, with the caveat
that some subsets of these patients are likely to have such a low risk of
local-regional failure, such that the absolute benefit of PMRT may be outweighed
by its potential toxicities; risk-to-benefit ratios therefore need to be considered [72].
For BRCA mutation carriers undergoing mastectomy with high-risk features, con-
sideration of post-mastectomy radiation should include a thorough discussion of the
risks versus benefits of radiation and meticulous attention to minimizing dose to
normal tissue structures.
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Summary

BRCA mutation status has significant implications for local-regional management of
breast cancer. In view of the strong association of BRCA I-associated breast cancer
with TNBC, present guidelines for genetic screening have incorporated TNBC so
that all patients younger than 60 years with this form of cancer, irrespective of
family history, should be considered for genetic testing [73]. Patients should be
informed that while BRCA carriers may have an overall increased lifetime risk of
both ipsilateral and contralateral local recurrences in comparison with patients with
sporadic breast cancers, this does not appear to affect cause-specific and overall
survival outcomes. Thus, the presence of a BRCA mutation is not a contraindication
for breast conservation in otherwise appropriately selected candidates. Importantly,
these data do not suggest increased toxicity in germ line BRCAI and 2 carriers
treated with radiotherapy compared with sporadic breast cancers, and therefore,
radiotherapy should not be withheld when indicated for patient care.

The final recommendations for BRCA carriers with regard to radiation are still in
evolution. Though any ionizing radiation is considered to be a significant risk factor
for the development of primary breast cancer, there are no hard data suggesting
increased acute or long-term toxicity. The risk of secondary malignancies, seen
particularly in younger patients, is likely related to an underlying risk in patients
harboring residual BRCA-mutated cells, rather than specific to the use of adjuvant
radiotherapy in BRCA1/2 mutation carriers.
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Introduction

Breast cancer is a significant international public health problem and is the leading
cause of cancer death in women worldwide [1]. In high-income countries, women
under the age of 45 are more likely to die of breast cancer than of any other disease
or injury [2]. Women with hereditary breast and ovarian cancer syndromes,
including carriers of deleterious mutations in the BRCAI or 2 genes, are not only
at an approximately fivefold increased risk of developing breast cancer, but also
develop malignancy approximately 10 years earlier than those with non-hereditary
disease, often during their reproductive years [3—5]. In such patients, often referred
to as BRCA-positive/+ or carriers, the potential for early onset disease combined
with the potential adverse impact on fertility of cancer prevention strategies and
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treatment if disease develops necessitates proactive, careful counseling about
reproductive planning. This should be considered for both previvors (patients who
are BRCA+ but have not developed disease) and BRCA+ survivors (patients who
have developed disease in the setting of a hereditary predisposition). While male
BRCA carriers are at increased risk of developing malignancies, most present later
in life, not during reproductive years, and there are not standard risk-reducing
strategies employed that are associated with infertility for male previvors. Never-
theless, potential concerns regarding reproduction should be addressed for young
male patients as well.

In this manuscript, we review the unique considerations surrounding reproduc-
tion, fertility, and fertility preservation for carriers of BRCA gene mutations. We
address the relevant fertility concerns for the previvor and survivor populations,
including strategies for patients with a new cancer diagnosis as well as consider-
ation of preimplantation genetic diagnosis (PGD), even in the absence of infertility,
to avoid passing on a deleterious germ line mutation to progeny. Available options
are discussed, including gamete (egg or sperm) and embryo cryopreservation, as
well as the more controversial use of LHRH agonists for ovarian suppression to
preserve fertility. We also highlight future directions such as ovarian tissue cry-
opreservation. The available data regarding the safety of current assisted repro-
ductive technologies (ART) for BRCA carriers will be reviewed. Finally, we
describe some of the salient ethical concerns in this area.

Whether BRCA carriers are previvors, newly diagnosed with cancer, or longer
term survivors, reproductive goals may weigh heavily on their minds, particularly
regarding how treatment may impact their fecundity. Fertility preservation dis-
cussions prior to initiating treatment, and preservation of the ability to have bio-
logical children, have been shown to increase quality of life and improve
psychological outcomes for cancer patients [6, 7]. In particular, for young women
with breast cancer, international guidelines recommend early referral to reproduc-
tive endocrinology and infertility specialists (REIs) to discuss reproductive goals [2,
8]. However, there are a number of potential barriers and concerns surrounding
fertility preservation and subsequent pregnancy in BRCA carriers with or without a
history of cancer including utility, efficacy, timing, and safety of any intervention
[9]. BRCA carriers require special consideration as detailed below.

Reproductive Considerations for Previvors (BRCA Carriers
Who Have not Developed Cancer)

In order to reduce the lifetime risk of cancer in previvors, it is recommended that
patients consider prophylactic mastectomy and bilateral salpingo-oophorectomy,
surgery that results in sterilization. Carriers of the BRCAI mutation have a 15-45%
lifetime risk of developing ovarian cancer and <85% risk of developing breast
cancer. A BRCA2 mutation confers a lifetime risk of ovarian cancer of 10-20% and a
breast cancer risk of 40% [3]. By undergoing prophylactic bilateral mastectomy,
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breast cancer risk and mortality can be reduced by 90-95% [10]. Bilateral
salpingo-oophorectomy reduces the risk of ovarian cancer by approximately 85-90%
and reduces the risk of breast cancer by 40-70% [11, 12]. Based on international
guidelines, patients should undergo bilateral salpingo-oophorectomy once child-
bearing is completed, or by the age of 35-40, given the increased risk of ovarian cancer
with age [2, 13].

Previvors may desire to complete childbearing prior to undergoing prophylactic
surgery. These patients, in the absence of other fertility concerns, may be able to
conceive naturally. The optimal timing of reproduction is a very personal decision.
However, even in patients who are not infertile, IVF for the purposes of PGD is still
a consideration for BRCA carriers.

Preimplantation Genetic Diagnosis

PGD is useful in hereditary disorders when intended parents wish to avoid passing a
specific gene on to their offspring. BRCA genes demonstrate an autosomal dominant
pattern of inheritance, conferring a 50% chance that a child will be a carrier.
Following IVF, PGD allows parents to know in advance the carrier status of each
embryo. By transferring only non-carrier embryos, intended parents can prevent the
propagation of the BRCA gene in their family [14].

For PGD, the woman must undergo ovarian stimulation with subsequent oocyte
harvesting, and sperm must be available for IVF. Once embryos are fertilized via
IVF, they are allowed to develop in the embryology laboratory. At day five and/or
six of development, the external cells of the blastocyst (trophectoderm cells, des-
tined to become the placenta) can be biopsied and genetically tested for the pres-
ence of specific gene, such as BRCAI or 2 mutations. PGD may be an attractive
option for pre-surgical BRCA patients, who can later have a cryopreserved embryo
thawed and transferred. The ethical implications of PGD for BRCA carriers, and the
disposition of non-carrier and indeterminate embryos after PGD testing, are dis-
cussed later. For some women, particularly those needing urgent neoadjuvant
chemotherapy, BRCA status may be unknown at the time of embryo banking.
Additional consideration should be taken when discussing the timing of embryo
banking, and the option of PGD, under these circumstances.

Preimplantation genetic screening can also provide information about other
chromosomal abnormalities, such as aneuploidy, prior to the transfer or storage of
embryos. This may help eliminate the need for invasive testing in the first trimester
of pregnancy, such as chorionic villus sampling or amniocentesis, after which some
women opt to terminate. If under time constraints, this consideration may be par-
ticularly relevant.

IVF with or without PGD and cryopreservation of embryos allows patients to
plan for the future, aligning with the modern trend toward delaying childbearing
until later in life [15]. Since prophylactic salpingo-oophorectomy is recommended
by age 40, some patients may wish to undergo surgery with the plan to delay
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pregnancy and family building. For patients who do not wish to carry a pregnancy,
or are of an age where becoming pregnant may be difficult or dangerous, the option
of using a gestational carrier may also be considered.

Reproductive Considerations for BRCA Carriers with a
Cancer Diagnosis, Survivors

Options for reproduction and family building may be different for carriers of the
BRCA gene with a new diagnosis of cancer, when time constraints may be more
pressing. Prior to initiating treatment, these patients should be counseled on the
potential risks of therapy to fertility, and on the current options for fertility
preservation, namely gamete or embryo cryopreservation [16]. Alternatively,
ovarian suppression, with the use of luteinizing hormone-releasing hormone ago-
nists during chemotherapy, may offer some ovarian protection, an option discussed
in more detail below [17]. In patients with ER-positive disease in particular, there
may be concern surrounding the safety of fertility preservation strategies with
regard to disease outcomes given the associated maintenance or temporary eleva-
tion of reproductive hormones, and this should be considered on a case-by-case
basis. In BRCA-associated breast cancers, 10-24% are ER-positive, compared to
65-79% ER positivity in BRCA2-associated breast cancers [18]. Survivors of
cancer who may have completed chemotherapy and/or radiation but still have their
ovaries in situ may consider ART after treatment. However, patients may have
subsequent diminished ovarian reserve, chemotherapy-induced amenorrhea, or
premature menopause due to treatments received and may require fertility assis-
tance [15]. Barton and colleagues compared female cancer survivors with all other
patients undergoing IVF/ICSI and demonstrated that survivors were low responders
and had poorer outcomes overall. Survivors had significantly fewer oocytes
retrieved and embryos available for transfer. Pregnancy and live birth rates were
lower among survivors as well with odds ratios of 0.30 (95% CI 0.13-0.68) and
0.27 (95% CI 0.10-0.69), respectively [19]. Patients should be counseled that
following treatment with chemotherapy or radiation, ART may be challenging;
some may ultimately need a donor egg in order to achieve pregnancy.

Female Fertility Preservation: Existing Options

The most established method of fertility preservation is embryo cryopreservation
[16]. Following a protocol of controlled ovarian stimulation (COS) to promote the
development of the greatest numbers of follicles, oocytes are harvested, fertilized,
then the resultant embryos cryopreserved and stored until ready for use.
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Oocyte cryopreservation is also now a standard option, which involves similar
COS, oocyte retrieval followed by cryopreservation of mature oocytes in their
unfertilized state. Fertilization, pregnancy, and live birth rates reported with thawed
oocytes appear to be equivalent to fresh oocytes, making oocyte cryopreservation
an accepted, non-experimental practice [20]. Specific data for breast cancer patients
regarding success with cryopreserved oocytes versus embryos are not yet available,
though it is presumed these are roughly equivalent. As of 2012, of the 387 US IVF
clinics registered as Society for Assisted Reproductive Technology members, 200
(51.7%) offered oocyte cryopreservation [21].

For patients that are either single or not in a relationship with a potential
co-parent, gamete cryopreservation may be a good option. Alternatively, embryo
cryopreservation is appropriate if a couple decides they would like to parent a
biological child in the future. A single female can also opt to freeze embryos using
her oocytes and a donor sperm. However, in cases of divorce, courts may not
necessarily grant ownership and control of the embryos to the cancer survivor.
Therefore, it is important to inform women that oocyte cryopreservation, or cry-
opreservation of eggs fertilized with anonymous donor sperm, is the only way to
guarantee that they will have complete control of embryos in the future. The option
of embryo or gamete freezing allows for substantial flexibility on a case-by-case
basis (Table 10.1).

Table 10.1 Options for female BRCA carriers

Oocyte Embryo Ovarian suppression | Ovarian tissue
cryopreservation | cryopreservation cryopreservation
Advantages Established Established Allows for a delay in  Tissue is spared
practice practice surgical removal of | exposure to
ovaries chemotherapy or
radiation

Does not require | Option for PGD | Potentially reduces

a partner tissue exposure to
chemotherapy or
radiation
Disadvantages = Potential delay | Potential delay | New practice with Experimental
to treatment to treatment unclear role for
BRCA carriers
Exposure to Exposure to Limited access Potential to
COS COS reintroduce
(pre)malignant
cells

Limited access | Limited access Limited access
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Ovarian Suppression During Chemotherapy

Recently, regimens that suppress and thereby theoretically protect ovarian function
during chemotherapy have emerged as potential options for reproductive age
women with cancer. Chemotherapy can have a negative impact on ovarian reserve,
and alkylating agents commonly used to treat breast cancer can be particularly
gonadotoxic [22]. The extent of potential damage to ovarian reserve is related to the
choice of chemotherapy regimen, dosage, and temporal exposure, as well as patient
age [22].

For women who maintain their ovaries during therapy, luteinizing
hormone-releasing hormone analogues (LHRHa), when given concomitantly with
chemotherapy, may offer some ovarian protection against such gonadal cytotoxicity
[23]. Expert opinion and meta-analyses of available data indicate that LHRH
agonists do seem to help preserve ovarian function during chemotherapy exposure
[17]. In a recent randomized control trial of 281 women, patients who received
LHRHa were significantly more likely to resume menses after treatment compared
to the control group (73% vs. 64%), and the LHRHa patients reported more
pregnancies compared to the control group (8 vs. 3, p < 0.05) [17]. In this trial,
there was no difference in disease-free survival between the two groups [17, 23].

Importantly, two large randomized controlled trials, the Tamoxifen and
Exemestane Trial (TEXT) and the Suppression of Ovarian Function Trial (SOFT),
evaluated potential benefits of ovarian suppression regimens during chemotherapy
for premenopausal breast cancer with hormone-receptor-positive breast cancer.
Combined analysis of these data demonstrates a reduced risk of breast cancer
recurrence for women treated with ovarian suppression plus the aromatase inhibitor
exemestane, compared to ovarian suppression plus tamoxifen [17, 24]. Thus, use of
ovarian suppression is increasingly being used routinely for breast cancer treatment
in the setting of early-stage hormone-receptor-positive breast cancer in pre-
menopausal women. Further, there is no apparent harm with regard to disease
outcome in this setting with the use of ovarian suppression through chemotherapy,
whether for treatment or for fertility preservation. Nevertheless, the potential role
for ovarian suppression for fertility preservation in women with early breast cancer
remains controversial, whether they are mutation carriers or not. In treating BRCA
carriers, this should be considered on a case-by-case basis.

Future Directions

Ovarian tissue cryopreservation is considered an experimental technique for fertility
preservation. It involves surgical biopsy or stripping of the ovarian cortex, or
removing the entire ovary, then cryopreserving the specimen for future use. The
ovarian tissue can later be thawed and reimplanted in the patient once therapy is
completed, either in or outside the pelvis [25]. As of January 2016, more than 60
live births have resulted from ovarian tissue cryopreservation, with all deliveries



10 Fertility Preservation in BRCA Carriers: Special Considerations 177

resulting from orthotopic (in the pelvis) tissue replacement [26]. A recent study
from Israel of 20 patients, the majority of which had hematologic malignancies,
reported 53% of patients successfully conceived following ovarian tissue trans-
plantation. Sixteen pregnancies were achieved (six spontaneous and 10 following
IVF), with 10 subsequent live births, and two ongoing pregnancies [26].

Ovarian tissue cryopreservation avoids exposing the ovaries to the toxic effects
of chemotherapy and/or radiation. It also eliminates the need to delay treatment
because the surgery can be done at any time in the cycle and does not require any
ovarian stimulation. Similar to oocyte cryopreservation, ovarian tissue cryop-
reservation does not require a partner.

Ovarian tissue cryopreservation is performed with the intention to reimplant the
tissue in the future. This may not be the safest option for BRCA carriers, given their
increased risk of ovarian malignancy. It is theoretically possible that the ovarian
tissue may be reimplanted for a brief time, stimulated to retrieve oocytes, and then
removed soon thereafter, to minimize exposure to potentially pre-malignant or
malignant cells. However, this remains experimental, without data related to out-
comes in BRCA patients. In addition, it is likely contraindicated in patients with
metastatic disease, as breast cancer may metastasize to ovaries. Only select centers
are offering ovarian tissue cryopreservation, and it is not widely available [4, 25].

Female Fertility Preservation: Potential Risks
and Challenges

BRCA carriers with a new diagnosis of cancer may have concerns that cryop-
reservation of oocytes or embryos may lead to a dangerous delay in treatment [27].
In order to maximize the yield of oocytes harvested for cryopreservation, most
providers recommend controlled ovarian stimulation (COS), a process that requires
an average of two weeks [4]. In order to reduce delay in cancer treatment, some
providers will begin COS as soon as possible, rather than waiting for the early
follicular phase, as is traditional practice. This random-start protocol using gona-
dotropin antagonists has been shown to have similar outcomes compared to fol-
licular phase-start protocols, with no difference in the number of total and mature
oocytes retrieved, oocyte maturity rate, and fertilization rates [28]. However, data
including live birth rates are scant. In an emergency situation, random-start pro-
tocols are most appropriate.

Most women, however, may be able to undergo at least one IVF cycle without
significantly delaying the initiation of their therapy. In 2007, a study by Madrigano
et al. highlighted the importance of early referral to an REI in order to avoid delays
while still maximizing potential fertility preservation. For 23 patients with breast
cancer, the mean time from fertility evaluation to egg retrieval was 33.3 (10-65)
days [29]. On average, patients underwent ovarian stimulation for 11.5 (9-20) days
prior to egg retrieval [29]. The average time from definitive surgery to initiation of
chemotherapy was 46.8 days in the women who underwent fertility preservation
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[29]. Time from diagnosis to initiation of chemotherapy was not statistically dif-
ferent between women who opted for fertility preservation compared to those who
did not (71 days vs. 67 days). For women undergoing egg retrieval, time from
diagnosis to definitive surgery was longer by 15 days, but this was not statistically
significant. Standard of care treatment for breast cancer was not delayed in any
clinically significant way by undergoing fertility preservation treatment [29, 30].

A second concern exists regarding risks of exposure to the hormonal protocol
used to induce ovarian stimulation. Typical regimens for stimulation protocols use
high-dose gonadotropins that result in supraphysiologic systemic levels of estradiol,
as much as 10-20 times normal [15, 31]. This allows for the recruitment of multiple
follicles, maximizing the number of oocytes retrieved. Patients also receive GnRH
agonists or antagonists to try to prevent premature luteinization and ovulation [31].
Exposure to such high levels of estradiol may be of particular concern for women
that have estrogen-receptor-positive breast cancer, keeping in mind that 65-79% of
breast cancers will be estrogen-receptor-positive in BRCA2 carriers, compared to
10-24% of breast cancers in BRCAI carriers [18].

Alternative regimens, utilizing the selective estrogen-receptor modulator ta-
moxifen or the aromatase inhibitor letrozole during COS, have been well described
and may help limit exposure to high levels of estradiol [4, 31, 32]. Both tamoxifen
and letrozole can be used as ovulation induction agents, and the use of either agent
is associated with improvement in IVF cycle outcomes [29, 33].

One study by Oktay et al. reported that the use of low-dose FSH with letrozole or
tamoxifen results in improved embryo yield compared to the use of tamoxifen
alone, but use of letrozole may be preferential as it produces lower levels of
estradiol [33]. The same study indicated that tamoxifen alone may briefly result in
increased levels of estradiol during stimulation. There are, however, no studies
comparing live birth rates with different ovulation induction regimens in breast
cancer patients. Again, this may be of particular relevance to patients with
ER-positive breast cancers.

Importantly, limited data show that the use of letrozole or tamoxifen as part of
the COS protocol does not appear to negatively impact breast cancer outcomes, or
increase the risk of recurrence [31]. Data also show that fertility treatments in
general do not increase risk of epithelial ovarian cancer for patients specifically with
BRCA mutations [34].

A natural cycle is also a possibility, in which COS is not performed. The follicles
produced by a woman in her natural cycle are aspirated, with as many eggs har-
vested as possible, though typically the yield is much lower than with ovarian
stimulation and would be expected to result in much lower chances of future
pregnancy [33]. This treatment has largely been abandoned by most large fertility
preservation centers.
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Ovarian Reserve and BRCA Carriers

Some data suggest that BRCA carriers may have inherent diminished ovarian
reserve compared to non-carriers and may have fewer oocytes retrieved after COS
[35]. There is evidence that BRCAI carriers have poorer serum markers of ovarian
reserve, specifically a fourfold greater chance of having anti-Mullerian hormone
(AMH)<1 ng/mL compared with non-BRCAI carriers [36]. However, having
poorer ovarian reserve based on serum markers may not translate into meaningful
clinical outcomes.

A recent study out of Israel reviewed IVF data for BRCA carriers and
non-carriers, specifically evaluating response to COS. Carriers and non-carriers had
comparable oocyte yield (13.75 vs. 14.75) and low response rates (8.06% vs.
6.45%) [37]. There were no differences in ovarian response, fertilization rates
(70.6% vs. 59.66%), or resultant embryos (8.4 vs. 7.19) [37].

BRCA carriers and non-carriers appear to be at similar risk for
chemotherapy-induced amenorrhea [38]. Though BRCA carriers generally experi-
ence menopause 1-2 years earlier than non-carriers, this does not appear to have
any meaningful impact on fertility outcomes, such as age at first parity or need for
fertility treatments [39]. Compared to non-BRCA breast cancer patients, BRCA
carriers do not appear to be more susceptible to gonadotoxic side effects of
chemotherapy and do not appear to have worse fertility outcomes.

Recent data reported by Sabatini et al. over a 17-year experience demonstrate
that cancer patients in general have fertility outcomes that are equivalent to women
without a history of cancer. The study reported no difference in outcomes for frozen
embryo transfers between cancer patients and patients with tubal factor infertility.
Both groups had equivalent number of oocytes retrieved and embryos frozen.
Similarly, there were no differences between cumulative pregnancy rate per transfer
for cancer patients (37%) compared to controls (43%), and cumulative live birth
rate per transfer (30% vs. 32%, respectively) [40].

There has been concern regarding the safety of pregnancy for patients with a
history of breast cancer, particularly with estrogen-receptor-positive cancers.
Pregnancy, however, appears to be safe for patients who have undergone curative
treatment. Regardless of receptor status, women who achieve pregnancy after
therapy have no difference in survival or risk or recurrence compared to women
who do not get pregnant, recognizing that data are limited to retrospective analyses
or registry studies [41].

Male Fertility Preservation: Existing Options

Discussions regarding fertility preservation are relevant to male BRCA carriers as
well. Although male carriers of BRCAI have a lifetime breast cancer risk of less
than 2%, they may be twice as likely to develop prostate cancer before age 65, for
example [42].
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Table 10.2 Options for male BRCA carriers

Sperm cryopreservation Embryo cryopreservation
Advantages Established practice Established practice
Does not require a partner Option for PGD

No delay in treatment

Disadvantages Limited access Limited access

Though most of the cancers seen in male BRCA patients present later in life, they
can affect a man of reproductive age. If so, the patient should be given the option to
bank sperm prior to initiating therapy [16]. Semen collection and freezing is the
standard of care for men of reproductive age with a new diagnosis of cancer and can
usually be arranged in a matter of days [8]. These patients should also be offered the
opportunity to pursue PGD if they wish to eliminate the BRCA gene in their
offspring (Table 10.2).

Socioeconomic, Cultural, and Ethical Considerations

It is an inherent right to parent and to have a family. The Universal Declaration of
Human Rights, proclaimed by the United Nations General Assembly in 1948, states
men and women have a right to found a family. BRCA carriers may require addi-
tional efforts to protect their reproductive rights, given the heritability of the
mutation, and that standard treatment for these patients often involves procedures
that affect their fertility.

In young women with breast cancer, concerns about fertility are associated with
significant psychosocial stress [43]. BRCA carriers need early discussion regarding
reproductive goals and early referral to appropriate providers, namely REI physi-
cians, to review the available options [2, 8]. Unfortunately, consultation with an
REI is not yet the standard of care, and access to such subspecialists may be limited.
One study found that in women with localized breast cancer diagnosed at 40 years
of age or younger, only 68% had discussed fertility options and only 10% under-
went fertility preservation prior to initiating treatment [9]. A 2011 survey of over
1000 women diagnosed with cancer at ages 15-40 reported only 61% of women
were counseled about fertility risks prior to initiating treatment, and only 4%
pursued fertility preservation [44].

Though it does not require stimulation protocols or invasive procedures, referral
rates for sperm banking can be low as well. In one recent study, 29% of male cancer
patients received fertility counseling and only 11% attempted sperm banking [45].

In the USA alone, access varies tremendously based on location. The highest
percentages of IVF clinics are located in northeastern and western states [46]. In areas
with fewer hospitals and fewer subspecialty practices, it may not be possible to refer
patients to an REI physician. Access to genetic testing to even confirm BRCA carrier
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status may be difficult as well though most insurance policies, including Medicare,
will cover the cost of genetic screening in appropriate patients [13].

Interestingly, even among women who undergo fertility preservation prior to ther-
apy, few seem to pursue attempts at pregnancy after treatment [30]. This may in part be
due to patient and/or provider concerns about pregnancy safety. It should be reinforced
that pregnancy does not appear to increase risk of recurrence or mortality [41].

Cultural differences may also limit patients’ access to care. In Italy, for example,
embryo cryopreservation was forbidden in 2004 [47]. Federal law mandated that all
created embryos were used for transfer and outlawed cryopreserving embryos for
future use. Italy allows only gamete banking, but even this limitation can signifi-
cantly impair options surrounding fertility preservation.

Socioeconomic and racial impacts on fertility options should not be underesti-
mated either. Survey data suggest that women without bachelor’s degrees, for
example, are less likely to be counseled on reproductive risks of cancer treatment,
with an odds ratio of 0.7. The same study found trends toward disparities in access
to reproductive services for women over 35, Latina and African American women,
and parous women [44].

Financial barriers can also pose a significant problem for many patients. There is
no insurance mandate to cover fertility treatments for patients with hereditary
cancer syndromes, so for many patients, the cost of IVF cycles and the cost of
preserving gametes or embryos are paid out-of-pocket. This can be prohibitively
expensive. In 2010, the average cost for a female cancer patient to undergo fertility
preservation with oocyte or embryo cryopreservation was $8655. It cost approxi-
mately $1495 (17%) more for embryo cryopreservation than oocyte cryopreser-
vation [48]. More recent data indicate that in 2016, it costs between $12,000—
15,000 for egg freezing and $15,000-$18,000 for embryo freezing. Storage fees
average $900 per year [49]. One retrospective review found that breast cancer
patients who were wealthier and older were more likely to pursue fertility preser-
vation treatment [50].

However, some large fertility centers are able to offer discount services for patients
with cancer in recognition that these patients do not have time to save for this expense.
There are 15 states (Arkansas, California, Connecticut, Hawaii, Illinois, Louisiana,
Maryland, Massachusetts, Montana, New Jersey, New York, Ohio, Rhode Island,
Texas, and West Virginia) that offer coverage for some infertility diagnosis and
treatment, but the extent of coverage varies on a state-by-state basis [51].

The opportunity for PGD, given the heritability of the BRCA genes, introduces
unique ethical concerns that merit consideration as well. The option to undergo
PGD is increasingly desired in patients with hereditary cancer syndromes.
A meta-analysis of 13 studies found that, of the 370 respondents affected by a
hereditary cancer syndrome, 28% felt their syndrome impacted family planning,
72% felt that PGD should be offered, and 43% would consider using PGD [52]. In a
survey of 22 couples affected by hereditary breast and ovarian cancer, half chose to
undergo PGD because they “believed it was their moral duty to protect their future
child(ren) from suffering” [14]. For patients who have had cancer as a direct result
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of a BRCA mutation, PGD may be a particularly important option for their psy-
chological well-being and family planning goals.

PGD poses additional potential ethical quandaries as it is not universally agreed
upon that BRCA carrier status is an appropriate indication for PGD. There is no
mandated insurance coverage for PGD, and coverage for this indication again varies
widely state-by-state. Since BRCA carrier status predisposes to a potentially fatal
adult-onset disease, many IVF centers will allow PGD. However, some may have
concerns that it inappropriately eliminates potential offspring that have a significant
chance of being healthy and disease-free [53].

Identifying carrier and non-carrier embryos, as well as those with indeterminate
status through the use of PGD, has led to ethical debate regarding the fate of such
embryos [53]. The potential outcomes of PGD should be explicitly discussed with
patients prior to initiating testing. Patients opting for PGD should understand that
the goal of PGD is to identify and transfer a non-carrier embryo. If this does not
align with the patient’s goal, the patient should not elect for PGD.

Finally, emphasis should be placed on safeguarding the future of any gametes or
embryos produced via ART. Following any fertility preservation technique, it is
advisable to create legal documents guiding the disposition of any embryos or
gametes that are stored for the future, particularly outlining ownership [54]. This
can help avoid debate regarding the posthumous use of stored gametes or embryos.

Conclusion

BRCA carriers require special consideration regarding reproduction. Prophylactic
and therapeutic management of these patients may compromise their ability to
achieve their reproductive goals. A multidisciplinary team approach to this sensitive
issue is warranted including oncology, reproductive endocrinology as well as
psychosocial supportive providers to assist patients and their loved ones in making
the best decisions for themselves in their medical and social situations.
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Donna-Marie Manasseh, Ryland J. Gore and Patrick I. Borgen

Introduction

Male breast cancer is rare, making up less than 1% of all breast cancers, but
certainly not irrelevant—particularly in the setting of BRCA mutation carriers.
While studies in male breast cancer have been limited and therefore this is often
seen as the same disease as in women, Table 11.1 illustrates important similarities
and differences between the two phenomena. Recent molecular studies [1] have
revealed fundamental biological differences between FBC and MBC, and it is
hoped that these findings will guide treatment strategies toward a more tailored
approach to the male form of the disease. Significantly more MBCs (proportionally)
than FBCs arise with an underlying germline cancer predisposition and display a
vastly different penetrance compared with females. Furthermore, the genopheno-
typical association of basal-epithelioid-like cancer with BRCAI, present in FBC, is
not observed in MBC. Differences in somatic changes between male and female
breast cancer have also been reported, particularly a higher number of PIK3CA
mutations and a paucity of TP53 mutations, which are the most common genetic
aberration in FBC. In general, chromosomal-based changes, in particular regions of
gains, are seen more frequently in male than female breast cancer and methylation
(by far the most common mechanism of tumor suppressor gene silencing) is seen
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Table 11.1 Comparison of male and female breast cancer

Cell type of origin

Tumor location

Estrogen receptors

Impact of BRCA2
mutation

Contralateral breast
cancer risk (sporadic)

Contralateral breast
cancer risk (BRCA
associated)

HER-2 amplification

Endocrine ablative
strategy

Chromosomal base
changes

Surgical management

Axillary staging
Adjuvant systemic
treatment

Postoperative
surveillance

Associated
malignancies

Male breast cancer
Overwhelmingly ductal

Always subjacent to nipple areolar
complex

90% ER+
6% rate of ductal breast cancer

7% lifetime risk

4-40% lifetime risk

Wide range of positive HER-2
Tamoxifen citrate

Regions of gains
Total mastectomy

Sentinel node biopsy

+Radiation

Mainstay of treatment is tamoxifen
Chemotherapy poorly studied in
males

H&P g6 months for 5 years,
annually thereafter

Imaging and laboratory studies if
suspicion for recurrence or
metastatic disease

D.-M. Manasseh et al.

Female breast cancer
Mixed ductal and lobular
Upper outer quadrant most
common but can occur
anywhere

75% ER+

65-85% of invasive breast
cancer

0.7% per year cumulative risk
plateau at 15%

65% lifetime risk

25% HER-2 positive

Tamoxifen in premenopausal;
aromatase inhibitor in
postmenopausal

Regions of deletions

Breast conservation
Mastectomy

Sentinel node biopsy

+Radiation
+Chemotherapy
+Endocrine therapy

H&P g6 months for 5 years,
annually thereafter

Annual mammography
Laboratory studies if suspicion
for metastatic disease

Prostate in males; pancreas in both genders; ovarian in females

less frequently. Clinically, several molecular subtypes with prognostic relevance
have been described. These include tumors displaying chromosomal complex high
and methylation high subgroups. Profiling signatures pertaining to epithelial mes-
enchymal transition and hormonal therapy insensitivity have also been reported
suggesting a far more uncommon phenotype than the typical estrogen responsive
MBC. As with FBC, attention to male-specific multicenter trials based on the
individual characteristics is needed but these trials are impractical. There is a far
greater chance of success with the establishment of national tumor repositories and
prospective registries coupled with the type of prospective/retrospective studies that
produced assays such as the 21-gene genomic assay in estrogen receptor-positive,
HER-2 negative breast cancer. Continued emphasis on the development of reliable
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preclinical models to elucidate more clearly the pathogenesis of MBC should
provide attractive targets for study and hold out hope of improving the often poor
prognosis seen in this disease.

Incidence and Epidemiology

Breast cancer, although a common disease, is highly uncommon in men. The
American Cancer Society estimates that, in 2016, approximately 2600 new cases of
invasive male breast cancer will be diagnosed and 440 men will die from their
disease [2]. The annual incidence of (MBC) is less than 1% of all breast cancers and
less than 1% of all male cancers [3]. The incidence of MBC has been increasing
over the past 25 years, although this likely reflects an aging population with a shift
of the bell curve of age in the USA to the right. It is reasonable to assume that
decreases in deaths due to cardiovascular disease may result in more men surviving
only to develop uncommon conditions such as male breast cancer in the future.

The average male breast cancer patient is diagnosed at a slightly older age than
female breast cancer patients, 67 years versus 61 years, respectively [4, 5]. Men
tend to present with more advanced tumor characteristics (T > 2.0 cm, positive
axillary nodes) as compared to women. However, they also tend to present more
commonly with ER+ tumors. The frequency of HER-2 gene amplification appears
to be very similar to the observed rate in female breast cancer [6].

Approximately 20% of all MBCs have a family history of breast cancer and 10%
have a germline mutation in BRCAI and BRCA2 [7], with BRCA2 being the most
commonly associated mutation.

Risk Factors

The etiology of male breast cancer is not well understood. However, a number of
risk factors are believed to be associated with the development of male breast
cancer. There are virtually no risk determinants associated with MBC. Most risk
factors are either environmental or genetically based. Among environmental factors
are disorders that are associated with increased estrogen levels, testicular disorders,
as well as occupational and environmental exposures. Age and racial differences
play a role in the incidence of MBC. Caucasian men have a lower incidence as
compared to African-American and Afro-Caribbean men (1/100,000 vs.
1.8/100,000) [8] and better prognostic features [5]. The incidence of MBC increases
as men age but levels off at approximately age 80 [9]. On the contrary, FBCs tend to
have two peaks of age-related risks.

Gynecomastia, defined as increased in vestigial breast tissue in men, results from
increased estrogen exposure and has been noted in 40-50% of MBC patients [10,
11]. However, it is unclear whether gynecomastia itself imparts an elevated risk, as



190 D.-M. Manasseh et al.

gynecomastia is also fairly common in men without breast cancer [12]. The highly
common nature of gynecomastia and the very rare incidence of MBC suggest very
little increase in risk from benign gynecomastia.

Other etiologies of increased levels of circulating estrogen have been associated
with increased risk for male breast cancer. Testicular disorders, such as orchiec-
tomy, testicular injury, cryptorchidism, and orchitis (usually secondary to mumps),
can all result in an imbalance in the androgen-to-estrogen ratio and as a result can
increase the risk of breast cancer [13—15]. Obesity, alcohol, cirrhosis, prostate
cancer treatment, and hormonal treatments for trans-sexuality with their resultant
higher circulating estrogen levels have also been associated with MBC risk [16—
19]. Environmental exposures, such as chest wall irradiation, similar to female
breast cancers, have been shown to increase the risk of breast cancer [20].

Family history is a significant risk factor for MBC. Some series have noted a 15—
20% risk of MBC in individuals with at least one first-degree relative with breast
cancer [21-23]. Approximately, 4-40% of these cancers are associated with some
type of inherited genetic mutation [24].

Genetics

Genetic mutations play a role in male breast cancer. Despite the fact that a variety of
germline mutations have been noted to be associated with male breast cancer,
BRCA mutations, particularly BRCA2, are implicated most often. Some series
estimate that BRCA2 accounts for 40-75% of mutation carrier-related male breast
cancer. BRCAI mutations account for 10—-16% of male breast cancers [25, 26]. In
these individuals, the estimated lifetime risk of developing breast cancer ranges
from 1 to 5% in men with BRCAI mutations and 5-10% with BRCA2 mutations
[27]. In both instances this represents a vastly larger proportional increase in risk of
breast cancer in men than is seen in female BRCA heterozygotes. Other genetic
lesions believed to be associated with MBC include PTEN, CHEK2, CYP17,
Klinefelter’s syndrome (XXY), single nucleotide polymorphisms (SNPs), and
PALB?2 [28]. The influence of these genetic abnormalities can be subdivided into
degrees of penetrance: high (e.g., BRCAI and BRCA2)-, moderate (e.g., CHEK2,
PALB?2)-, and low-penetrance genetic lesions (e.g., SNPs).

BRCA1 and BRCA2 Genes

Both BRCAI and BRCA2 work to preserve chromosome structure, yet the precise
nature of their contribution and the specifics of gene—gene interaction have proven
difficult to define. Both proteins have been implicated in a multitude of different
processes including DNA repair and recombination, cell cycle control, and tran-
scription. The similarities between the observed phenotypes induced by mutations
or disruptions in function of BRCAI or BRCA2 and their apparent cohabitation in
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certain macromolecular complexes have prompted speculation that they work in
unison in common cellular pathways.

One defective copy of BRCAI or BRCA?2 in the germline is enough to cause a
predisposition to cancer. However, the rate of mutation of the second allele (loss of
heterozygosity) is less clear and may not be an obligate precursor to tumorigenesis
as described in Knudsen’s Two-Hit Hypothesis. King et al. demonstrated that loss
of heterozygosity in BRCA-associated breast cancers has not occurred in 10-35% of
cases [29].

Cancer susceptibility gene mutations fall into two broad, general classes [30].
Genes whose mutation or altered expression relieves normal controls on cell
division, death, or lifespan, promoting the outgrowth of cancer cells, have been
termed ‘““gatekeepers.” Those whose disruption causes genome instability, increas-
ing the frequency of alterations in gatekeeper genes, work instead as “caretakers.”

BRCAI and BRCA2 have multiple functions. Their main role as tumor sup-
pressor genes is to maintain DNA integrity. Simply stated, when single-stranded or
double-stranded DNA is damaged, BRCAI and BRCA?2 protein products initiate
DNA repair or apoptosis. Cells then accumulate genetic instability allowing for
additional mutations to occur in genes that are associated with cell cycle checkpoint
activation. In cells carrying a BRCA mutation, cell death is avoided permanently,
unchecked proliferation occurs, and the result is tumor formation. BRCA2 mutations
in men tend to result in breast cancer at a younger age and have a poorer prognosis
compared to men with non-genetic-associated breast cancers. It has also been noted
that males with BRCA2 mutation-related breast cancers tend to have a higher
proliferative index and higher grade than their female counterparts [31] (Fig. 11.1).

RING BRCT
domain NLSs domains
BRCA1 N || 1,863 aa
BARD1 MRE11 RNA pol Il
RADS0 clP
Nbs1
BRC
repeats NLSs

BRCA2F’WS,41833

RADS1

Fig. 11.1 Features of the human BRCA proteins BRCAI contains an N-terminal RING domain,
nuclear localization signals (NLSs), and two C-terminal BRCT domains of ~ 110 residues (also
found in several proteins with functions in DNA repair or cell cycle control). Interacting proteins
discussed in the text are shown below approximate regions of binding. BRCA2 contains eight
repeats of the ~ 40 residue BRC motifs. Six of the eight motifs in human BRCA2 can bind directly
to RADS51 when expressed in vitro [32]. Reprinted from Cell, Vol 108/No. 2, Venkitarraman AR,
Cancer Susceptibility and the Functions of BRCAI and BRCA2, pgs 171-182, © 2002, with
permission from Elsevier
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BRCA1 and BRCA2 in Male Breast Cancer

A recent report from the Consortium of Investigators of Modifiers of BRCAI/
BRCA?2 [33] examined whether MBCs arising in the setting of BRCA! and/or
BRCA2 mutations display specific pathologic features and whether those features
differ from BRCA-associated female breast.

The investigators studied the pathologic features of 419 BRCA1/ BRCA2 MBCs
and, using logistic regression analysis, contrasted those with data from 9675
BRCAI1/ BRCA2 FBCs and with population-based data from 6351 MBCs in the
Surveillance, Epidemiology, and End Results (SEER) database. Among BRCA2
MBC s, grade significantly decreased with increasing age at diagnosis (P = 0.005).
Compared with BRCA2 female breast cancers, BRCA2 MBCs were of significantly
higher stage (P for trend = 2 x 10(—5)) and higher grade (P for trend = 0.005) and
were more likely to be estrogen receptor-positive [odds ratio (OR) 10.59; 95%
confidence interval (CI) 5.15-21.80] and progesterone receptor-positive (OR 5.04;
95% CI 3.17-8.04). With the exception of grade, similar patterns of associations
emerged when BRCAI MBCs were compared to matched FBCs. BRCA2 MBCs
also presented with higher grade than MBCs from the SEER database (P for
trend = 4 x 10(—12)). The authors of this study concluded that MBCs associated
with BRCA genes display distinct pathologic characteristics compared to matched
female patients. A specific BRCA2-associated MBC phenotype characterized by
greater biological aggressiveness (higher histologic grade) was reported.

Somatic Mutations in Male Breast Cancer

Somatic genetic alterations commonly seen in female breast cancer have been
reported in MBC. A recent study sequenced 59 MBCs subtyped by immunohis-
tochemistry (IHC) for all exons of 241 genes frequently mutated in female breast
cancer and/or those that are related to DNA repair. The panorama of somatic
mutations and copy number alterations of MBC were compared with that of
carefully subtyped, matched female breast cancer. Twenty-nine percent of females
and 71% of males were IHC classified as either luminal A-like or luminal B-like
[34].

Male breast cancers displayed a wide and diverse range of somatic genetic
alterations that, to some extent, recapitulate that of estrogen
receptor-positive/HER2-negative female breast cancers, including recurrent muta-
tions  affecting PIK3CA (20%) and GATA3 (15%).  Estrogen
receptor-positive/HER2-negative male breast cancers, however, less frequently
harbored 16q losses and PIK3CA and TP53 mutations than estrogen
receptor-positive/HER2-negative female breast cancers. In addition, male breast
cancers were found to be significantly enriched for mutations affecting DNA
repair-related genes. The authors concluded that at least a subset of MBCs are
driven by a distinct repertoire of somatic changes [34].
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The majority of male breast cancers (approximately 90%) are found to be
invasive ductal carcinoma, followed by DCIS (10%) [35]. Evaluation of the SEER
data registry reveals that 93.7% of male breast cancers are ductal or unclassified;
2.6% papillary; 1.8% mucinous; and only 1.5% lobular [4]. This is in contrast to
female breast cancers in which 12% are lobular cancers. The majority of male breast
cancers are ER+/PR+ with approximately 90% being ER+ and 80% PR+ [4]. Male
breast cancers are more likely to be ER+/PR+ as compared to female breast can-
cers, and the rates of positivity increase with age. In contrast, overexpression of
HER?2 is somewhat less likely in male breast cancers [36, 37], ranging from O to
15% in some studies [38]. Therefore, the most common male breast cancer profile is
ER/PR+, HER2 (—).

Diagnosis of Male Breast Cancer

The diagnostic workup of a suspicious mass in the male breast includes a combi-
nation of the clinical examination in addition to mammogram and ultrasound, with
core needle biopsy for verification. Studies estimate that mammograms are 92%
sensitive and 90% specific for male breast cancers [39]. Suspicious findings on a
mammogram include the presence of a mass subjacent to the nipple, spiculations,
and calcifications (Fig. 11.2). An ultrasound may be used as an adjunct and will
demonstrate a hypoechoic mass with irregular borders. Cystic masses should also
be viewed with suspicion, as neoplastic papillary lesions may resemble complex
cystic lesions [40].

Any suspicious clinical or imaging examination should be confirmed by
histopathology. This can be performed via fine needle aspiration (FNA) or by core
needle biopsy. FNA may be used for initial evaluation, in most cases, if core needle
biopsy is not readily available. However, when the FNA is inadequate or equivocal,
core needle biopsy is indicated. As stated previously, the majority of male breast
cancers are invasive ductal carcinomas.

The use of breast MRI in men is yet to be defined as most men present with a
palpable mass and are subsequently treated with mastectomy, precluding the need
for MRI in the majority of cases. MRI may be useful if there is a concern for chest
wall invasion, unclear diagnostic features, or possibly in mutation carriers who are
at a higher risk for developing breast cancer than the average male. There are
limited data available to recommend breast MRI more than on a case-by-case basis.

In addition to breast imaging, the extent of disease workup should be considered
on a case-by-case basis as most men present at later stages.
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Fig. 11.2 Left mammogram of a male breast cancer patient who presented with a palpable mass
(as indicated by triangular marker). This lesion is dense with spiculated edges

Treatment

Little data exist concerning precise efficacy of male breast cancer treatment due to
the rare nature of the disease. There is even less known for male cancer suscepti-
bility gene mutation carriers. Treatment strategies therefore follow general guide-
lines established for postmenopausal women. The majority of men with breast
cancer are treated with mastectomy and axillary evaluation, either axillary dissec-
tion or sentinel lymph node biopsy.

Historically, radical mastectomy was recommended for the first half of the
twentieth century, eventually supplanted by the modified radical mastectomy.
However, most retrospective reviews of male breast cancer prognosis demonstrate
survivals that are comparable to FBC [41]. Simple mastectomy is preferred over
breast conservation due to the relatively small amount of tissue present, the fact that
the tumors are virtually always immediately subjacent to the nipple areolar complex
and the frequently seen advanced stage at presentation. Axillary evaluation is
essential as it is a powerful prognostic indicator. Axillary node evaluation can be
done with either axillary dissection in clinically positive axillary disease or via
sentinel lymph node biopsy in clinically node negative disease as sentinel node
biopsy has been demonstrated to be feasible and effective in male breast cancer [42,
43].
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Radiation therapy for male breast cancer generally follows the same guidelines
established for women with breast cancer. Radiation therapy has been found to be
effective in decreasing local recurrence in men [44] although the potential effect on
survival has been harder to establish. In a study from MD Anderson looking at 142
male patients, approximately 18% experience loco-regional failure, most commonly
at the chest wall and supraclavicular area. Factors believed to result in failure
include margin status, tumor size, and number of positive axillary nodes [45].

The data on systemic therapy for male mutation carriers and non-mutation
carriers are limited due to the rarity of the disease. Therefore, the general approach
has been to follow well-established guidelines used in the management of female
breast cancers. Chemotherapy in both the adjuvant and neoadjuvant setting has
been infrequently studied in men. Commonly used regimens include CMF
[cyclophosphamide/methotrexate/5-FU] [46] and FAC [5-FU/doxorubicin/
cyclophosphamide] [47].

The majority of male breast cancers are steroid binding hormone receptor
responsive, and the mainstay of systemic therapy has been tamoxifen. Tamoxifen
has been demonstrated in small studies to be of benefit in ER-positive male breast
cancers. Its efficacy has been demonstrated to range anywhere from 25 to 80% [48—
51] in advanced male breast cancer. In the adjuvant setting, it has improved 5-year
overall survival from 44 to 61% and 5-year disease-free survival from 28 to 56%
[52]. While the majority of male breast cancers are strongly hormone
receptor-positive, up to 25% of men will discontinue tamoxifen [53]. Adverse side
effects in male patients are similar to that of their female counterparts and include
hot flashes, weight gain, and thromboembolic events, in addition to decreased
libido, sexual dysfunction, and depression. It is important that providers are
knowledgeable about treatment side effects and are able to manage patient expec-
tations, in addition to offering strategies to manage side effects [54].

Aromatase inhibitors are used successfully in the treatment of female breast
cancers. However, concerns about inadequate control of testicular endogenous
estrogen production, has led some to postulate that the benefit of aromatase inhi-
bitors in men, especially in the absence of concurrent gonadotropin-releasing
hormone (GnRH) agonist use, [55] is limited. Therefore, aromatase inhibitors are
typically used when tamoxifen is contraindicated (e.g., failure to tolerate tamoxifen
secondary to side effect profile). Aromatase inhibitors may also be associated with a
surge in endogenous testosterone production, which may be symptomatic [56].

In the metastatic disease setting, endocrine therapy strategies are first line fol-
lowed by chemotherapy for certain clinical situations. Historically, surgical hor-
monal ablative therapy consisted of orchiectomy, hypophysectomy, or
adrenalectomy. Although these strategies were somewhat effective, they were also
quite morbid. These procedures have largely been supplanted by tamoxifen therapy
[57]. If the disease is recalcitrant to treatment, several chemotherapy regimens have
been demonstrated to provide adequate palliation. The role of trastuzumab in the
HER2+ male breast cancer patient is unclear, but may be of benefit based on its
success in female breast cancer [58].
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Oncotype Dx has been demonstrated to be effective in female breast cancers in
several studies. In male breast cancer, there is very limited information. In a study
by Shak et al. [59], 347 male breast cancer patients were evaluated using the
21-gene Oncotype Dx RT-PCR assay. Recurrence scores were found to be similar
in distribution to female breast cancers. The expression of ER was higher in males
than females, as was Ki-67. The prognostic relevance for male breast cancer was
not reported due to small sample size. More research is therefore needed to better
delineate its role in male breast cancer. It is currently our practice to obtain the
21-gene assay in selected MBC patients with estrogen receptor-positive,
HER-2-negative, and limited axillary node-positive patients to aid our decision
analysis about treatment strategies.

Clinical Outcome

A number of matched pair analyses comparing MBC to the female form of the
disease have demonstrated comparable survival statistics for both. However, the
risk of second, non-breast primary cancers, however, seems to be higher in male
than female breast cancer survivors. A recent national survey including more than
100,000 female and 578 sporadic male breast cancer patients investigated the risk of
second primary malignancies [60]. Male breast cancer patients displayed signifi-
cantly higher risk for thyroid (SIR: 13.2, 95% CI: 1.60-47.69), skin (SIR: 8.24,
95% CI: 3.02—-17.94), and head and neck (SIR: 4.41, 95% CI: 2.35-7.54) cancers.
Among breast cancer patients, risk factors significantly associated with second
primary malignancies included male gender, older age, chemotherapy treatment,
and comorbidity with liver cirrhosis.

Another study suggested that a male breast cancer patient’s insurance status may
impact his survival rate [61]. This study included 8828 male breast cancer patients
diagnosed between 1998 and 2006 and followed to 2011 in the National Cancer
Data Base. Cox regression was used to investigate the effect of payer’s status and
other factors on overall survival. Patients had 36.2, 42.7, 14.7, and 6.5% of stage 1
to IV cancer, respectively. Payer status was private 47.7%, Medicare 42.6%,
Medicaid 3.24%, unknown 3.59%, and uninsured 2.95%. Median overall survival
(MOS) for all patients was 10.6 years. In multivariate analysis, direct adjusted
MOS was 12.46, 11.89, 9.99, 9.02, and 8.29 years for private, “unknown,”
Medicare, uninsured, and Medicaid payer’s status, respectively. Patients with pri-
vate and “unknown” payer’s status showed a significantly better survival compared
to uninsured patients, while Medicaid and Medicare patients did not. Age, race,
stage, grade, income, comorbidity, distance travelled, and diagnosing/treating
facility were also significant predictors of survival. Obvious biases with this
analysis include a myriad of other controllable lifestyle factors that may be different
between privately insured versus government-insured patients. Treatment delay and
treatment in a dedicated cancer program did not have a significant influence on
survival.
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Surveillance

There is no role for screening for breast cancer in the general male population.
However, it should be noted that male survivors of breast cancer have an increased
risk of developing a contralateral breast cancer than the general population. The risk
is even greater in male survivors less than 50 years of age. As such, it stands to
reason that male survivors who are mutation carriers would benefit from routine
breast imaging [55]. There are other significant risk factors for the development of
male breast cancer. These patients SHOULD be screened for the disease.

For male mutation carriers, the current NCCN guidelines recommend
self-examination and annual clinical breast examinations beginning at 35 years of
age, as well as prostate cancer screening for carriers that specifically have a BRCA
mutation [62]. Extrapolating from the NCCN guidelines that are currently in place for
female mutation carriers with breast cancer who require surgical intervention, it
seems appropriate that male breast cancer survivors should also undergo a history and
physical examination every six months for the first five years after surgery, and then
annually thereafter. If there is clinical suspicion for a recurrence or metastatic disease,
the appropriate imaging and laboratory workup should be done at that time [63].

Lastly, special attention should be given to male mutation carriers, who unlike
their non-mutation counterparts are at higher risk for the development of other
primary cancers. Prostate, pancreatic, colorectal, gastric, and second breast pri-
maries, as well as leukemia, have all been demonstrated to be of increased risk in
mutation carriers [64—66]. It has been estimated that approximately 18% of male
survivors will develop a second primary cancer over a median follow-up of
51 months. It is uncertain if adjuvant therapies of their breast cancer contribute to
this risk. Therefore, surveillance, risk management strategies, and counseling need to
be considered in these individuals. Such strategies include PSA at age 45 (prostate),
spiral CT, EUS, ERCP (pancreatic), and colonoscopy (colon cancer) [67, 68].

Discussion

It has become customary to extrapolate from the results of treatment trials for
female breast cancer and apply them to males with the disease. However, a closer
examination of available data reveals that aspects of the etiology, pathogenesis, and
treatment of MBC do not fit the simplistic model that men usually have
endocrine-sensitive tumors which behave like those in postmenopausal women.
Most males with breast cancer have none of the commonly recognized risk factors,
indicating the gaps in our knowledge of the epidemiology of this very rare disease.
In comparison with FBC, there is a larger proportion of BRCA2 tumors (occurring
in 10% of MBC), and under-representation of BRCAI tumors (found in only 1%),
suggesting significant differences in the genetic etiology of MBC and FBC.
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Genome-wide association studies [69] in FBC reported single nucleotide poly-
morphisms (SNPs) in no fewer than 12 novel independent loci that were consis-
tently associated with disease but for MBC only 2 SNPs had a significantly
increased risk. Molecular profiles of matched cancers in males and females showed
a gender-associated modulation of major processes including energy metabolism,
regulation of translation, matrix remodeling, and immune recruitment. Immuno-
histochemistry for kinase inhibitor proteins (KIPs) p27Kipl, and p21Wafl indicates
a significant difference in the immunostaining of tumors from male patients com-
pared with females. These important biological differences point the way to the
development of new therapies for MBC based on differences rather than similarities
with female breast cancer.

There is growing evidence that male breast cancer patients are under-referred for
genetic counseling and/or testing. This may be due to misconceptions about the
autosomal location of BRCA tumor suppressor genes and a lack of awareness of
their mode of transmission. A recent report from the Department of Veterans Affairs
(VA) in 2016 sought to determine whether male and female Veterans diagnosed
with breast cancer received BRCA testing as recommended by the National Com-
prehensive Cancer Network (NCCN) guidelines on Genetic/Familial High-Risk
Assessment in Breast and Ovarian Cancer (v. 1.2010-1.2012). Of the 462 Veterans
who met NCCN testing criteria, 126 (27%) received guideline-concordant care,
either a referral for counseling or actual testing. No BRCA testing was recom-
mended in 49 (50%) Veterans Administration Medical Centers that provide cancer
treatment. Surprisingly, patients with second primary breast cancer were less likely
to be referred/tested (OR 0.39; C10.17, 0.89; p = 0.025). For patients under age 51,
a yearly increase in age decreased likelihood of referral or testing (OR 0.85; CI
0.76, 0.94; p < 0.001). There were no differences in testing by race. In conclusion,
there was significant underutilization and lack of access to BRCA testing for
Veterans diagnosed with breast cancer. Our research suggests the need for clinical
decision support tools to facilitate delivery of guideline-concordant cancer care and
improve Veteran access to BRCA testing [70].

It is also likely that there are gender differences in decision making with regard
to BRCA gene testing. A recent study employing in-depth interviews of MBC
survivors with BRCA2 mutations revealed that 70.3% (n = 45) considered “Family
Risk” as the primary reason for getting BRCA tested; 21.9% (n = 14) considered
“Medical Considerations,” and 7.8% (n = 5) considered “Social Support” as their
primary reason. Participants who were 50 years old or younger or who did not have
children were more likely to consider medical reasons as the primary reason to get
tested for BRCA gene status. In terms of self-concept, younger men reported feeling
more stigmatized than their older counterparts; married men reported feeling a
greater loss of control with regard to their BRCA-positive mutation status than did
single men; and professional, gainfully employed men felt more vulnerable to the
negative influences of the disease than those who were unemployed or who had
already retired. Regression analysis results indicated that negative self-concept was
strongly related to sampled males’ BRCA status 6 months after testing [71].
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How have BRCA mutations favoring cancer loss of life years been able to
survive selection pressure, in the case of the founder effect mutations, for thousands
of years? Kwiatkowski et al. have proposed that deleterious mutations must provide
other advantages that compensate for the loss of life expectancy, the most obvious
being an increase in fertility in mutation carriers. This hypothesis was tested within
2150 hereditary breast and ovarian cancer families encompassing 96,325 individ-
uals. Variables that were collected included incidence of breast/ovarian cancer, age
at diagnosis, male breast cancer, and other cancer locations. Detailed reproductive
histories were collected and evaluated. The authors reported that men in BRCA-
mutated families had lower first and mean age at paternity, and fewer remained
childless. For women in BRCA families, the overall miscarriage rate was lower and,
in a logistic regression analysis including clinical factors, the difference in mis-
carriage rates and the male mean age at paternity remained significant. Fertility
advantages were confirmed in a subgroup of 746 BRCA mutation carriers and 483
non-carriers from BRCA-mutated families. In particular, female carriers were less
often nulliparous (9.1% of carriers vs 16.0%, p = 0.003) and both female and male
carriers were found to have more children than non-carriers (1.8 £ 1.4 SD vs
1.5 &+ 1.3, p = 0.002 for women and 1.7 & 1.3 versus 1.4 &+ 1.3, p = 0.024 for
men) [72].

Another emerging benefit from BRCA testing in men lies in the realm of prostate
cancer. The evidence to support the association of BRCA mutations with prostate
cancer risk is based on retrospective studies involving multi-institutional registries
of families affected by these mutations, or, more commonly, large cohorts of
prostate cancer patients. The two- to sevenfold relative risk range of increased risk
of developing prostate cancer in BRCA heterozygotes appears to be both clinically
and statistically significant. Several small retrospective studies suggest an associ-
ation between BRCA mutations and a more aggressive form of prostate cancer.
Compared with non-carriers, patients with BRCA2 mutations experienced signifi-
cantly shorter overall survival and prostate cancer-specific survival [73]. While
studies in male breast cancer have been limited and therefore this is often seen as
the same disease as in women, Table 11.1 illustrates important similarities and
differences between the two phenomena.

Conclusion

The management of male BRCA gene mutation carriers is challenging. The rarity of
the disease makes prospective studies, which are the basis for evidence-based
treatment guidelines, nearly impossible to perform with sufficient numbers and
statistical power. Furthermore, the limited awareness of male breast cancer in the
public sector contributes to later stage at presentation as well as a host of mis-
perceptions of the disease. The American College of Surgeons estimates that a
general surgeon in private practice in the USA will treat one male breast cancer
patient during his/her career.
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Men may feel stigmatized by the diagnosis of a “female cancer.” Many conceal
the diagnosis from all but immediate family. The systemic hormonal therapies
utilized in men have significant side effects which may not be well addressed. Men
on endocrine therapy can also have emotional and physical sequelae that they may
suffer with “in silence” due to the perceived stigma associated with their disease.

Although stage for stage MBC and FBC have similar survival rates [74] the
genetics of MBC suggests significant differences between male mutation
carrier-related breast cancers and the sporadic form of the disease. These differences
will surely impact future therapeutic options for male breast cancer patients.
However, further research is needed to better delineate the fundamental features of
these differences and their potential role in the treatment of this disease. Mutation
and non-mutation carriers alike benefit from early detection and early intervention.
Increased awareness and monitoring in known mutation carriers in conjunction with
psychosocial support is critical in the successful management of this rare disease.
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Jacquelyn M. Powers, Jessica M. Long and Willonie Mendonca

Psychosocial Considerations: Genetic Counseling, Testing
and Disclosure Process

There is a common misperception that genetic testing is simply a blood draw and
thus a single brief interaction with a genetics healthcare provider. From initially
learning about a BRCAI or BRCA2 gene mutation in the family, to preparing to
learn one’s own BRCA mutation status and, finally, to the subsequent adaptation to
results (whether positive or negative), genetic testing is better addressed as a
multi-dimensional, multi-step process tailored to an individual’s unique needs,
concerns, and circumstances. The National Society of Genetic Counselors (NSGC)
has defined genetic counseling as “the process of helping people understand and
adapt to the medical, psychological, and familial implications of genetic contri-
butions to disease” with a goal of promoting informed choices [1]. While hereditary
cancer risk may be addressed or even mitigated by enhanced surveillance,
chemoprevention, and risk-reducing surgeries, careful attention also must be paid to
the psychosocial experience of genetic testing, family dynamics surrounding risk
communication, and ultimately the impact of the psychosocial experience on
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decisions related to medical management. This chapter will review psychosocial
considerations from the initial BRCA genetic counseling and testing process, the
dissemination of BRCA-positive genetic test results throughout the family, adap-
tation to BRCA-positive results via utilization of risk reduction and enhanced
screening methods, as well as legal implications and ethical challenges pertaining to
a genetic diagnosis of inherited susceptibility to cancer.

Importance of Pre- and Post-test Genetic Counseling

NSGC Practice Guidelines emphasize healthcare professionals providing genetic
counseling for hereditary breast and ovarian cancer (HBOC) should explain “why
the test is being offered, how the results might affect the patient’s risk for cancer,
and what medical management options may be offered depending upon the results”
[2]. The components of this discussion have increased in complexity since the
advent of multi-gene panel testing and clinical exome or genomic sequencing [3, 4].
Nonetheless, the goals of cancer genetic counseling remain the same: to facilitate
informed decision-making in regard to genetic testing and to promote under-
standing and subsequent adaptation to results, such as through the implementation
of appropriate cancer screening and prevention strategies [1, 2, 5].

Various professional societies have published statements emphasizing need for
appropriate pre- and post-test counseling when providing genetic risk assessment
for hereditary breast and ovarian cancer [2, 6, 7]. Pre-test counseling and the
process of informed consent enable patients to consider in advance the implications
of the test result for themselves and their relatives, including medical options like
cancer risk reduction and surveillance [6]. In addition, pre-test counseling may
involve provision of psychosocial support and discussion of the patient’s concerns
regarding risks for genetic discrimination, potential impact on emotional coping,
sensitivity and specificity of testing, cost of testing, and testing procedures [2, 8].
The American Society of Clinical Oncologists policy statement describes the dis-
closure of genetic testing results as “a valuable opportunity” for post-test counseling
wherein providers “interpret test results, recommend appropriate follow-up, and
emphasize the importance of continuing regular prevention activities” [6].

In terms of the impact of cancer genetic counseling services, Braithwaite, et al.
conducted a meta-analysis in 2004 of controlled trials of cancer genetic counseling;
their findings suggested the provision of genetic counseling services increased
knowledge about cancer genetics among patients “without an adverse effect on
cancer-specific worry, general anxiety, distress, and depression” [5]. More recently,
a comprehensive review of the literature for the United States Preventative Services
Task Force documented a lack of reported harms of risk assessment. In addition,
sixteen studies were identified supporting decreased cancer worry, anxiety, and
depression, as well as improved accuracy of risk perception, among patients
undergoing cancer genetic counseling [9].

One of the challenges of provision of cancer genetic counseling services is the
limited, albeit growing, field of providers with special expertise in cancer risk
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Table 12.1 Resources for locating cancer genetic counseling services

Resources for locating cancer genetic counseling services

National society of genetic http://www.nsgc.org/

counselors (NSGC) 312-321-6834

NCI cancer genetics services https://www.cancer.gov/about-cancer/causes-

directory prevention/genetics/directory
1-800-4-CANCER

InformedDNA http://www.informeddna.com/

800-975-4819

assessment and genetic test results interpretation. The American College of Sur-
geons Commission on Cancer requires qualified genetics services providers be
available on-site or by referral for program accreditation [10]. However, such
providers traditionally have been distributed unequally across the USA, most often
located in or near larger cities, due to frequent affiliation with academic medical
centers. Some insurance companies, such as CIGNA, recently have begun to
require genetic counseling by a certified genetic counselor [11]. In other circum-
stances, cancer genetic testing and counseling might be provided by oncologists,
surgeons, gynecologists, and/or nurses with advanced training in genetics. Beyond
the traditional face-to-face model, other methods of cancer genetics service delivery
have been explored in attempts to expand the reach of services while retaining high
quality of care. Alternative methods of service delivery used by genetic counselors
have included telephone, videoconference, and group counseling. While promising
outcomes, researchers continue to evaluate whether these are equally effective in
terms of patient care and cost [12—14] (Table 12.1).

Learning BRCA Genetic Test Results

Receiving a BRCAI- or BRCA2-positive genetic test result is a life-altering expe-
rience. Whether affected or unaffected by cancer, the way in which an individual
views their health status and mortality is forever modified. Several studies exploring
the short-term effects ( < 1 year) of BRCAI/2 testing have demonstrated that BRCA
mutation carriers experience a transient increase in general distress after receiving
test results [15]. Studies over the last decade are discordant as to whether long-term
distress (>1 year) increases [16], remains stable [17], or decreases across time [18].
These discordances may be somewhat attributable to study design. More recently,
there seems to be emerging agreement that while a positive BRCA1/2 result remains
salient among carriers years after testing, testing does not appear to impact
long-term psychological dysfunction [19]. A prospective comparison (3-9 years
after result disclosure) of 464 women with positive, negative, or uninformative
genetic testing found that mutation carriers with and without cancer reported
modest increases in distress, but no evidence of clinically significant dysfunction
[19]. Another study of 237 participants evaluated long-term adjustment in BRCA1/2
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carriers by measuring self-esteem and mastery. Higher self-esteem and mastery
were associated with less cancer-specific anxiety. Of note, participants who
underwent genetic testing were a self-selected sample, who may have prepared
themselves for the possibility of a positive genetic testing result. Mean self-esteem
in this cohort of women was no different than general population norms and was not
related to carriers’ age, affected status, time since disclosure, or prophylactic sur-
gery status [20].

While large sample studies such as these found no lasting psychological distress
overall, select populations (such as younger women and those who report the death
of a relative from breast/ovarian cancer) may be more vulnerable to poorer
long-term adjustment [16, 21]. For premenopausal women with BRCA mutations,
unique life challenges arise such as: desire for biological children versus the pos-
sibility of early menopause due to risk-reducing salpingo-oophorectomy, and
transference of fear onto their children [22]. Also, for those who have a “lived
cancer experience” via diagnosis in themselves or a family member, they may have
an exaggerated perception of cancer risk. Hence, what may have been a predictive
blood or saliva test, often is bundled with all of these complex issues.

For some patients, reported cancer-specific distress may be best explained by
past and/or ongoing experiences of cancer in the family, rather than the acute
distress of receiving their genetic result [20]. In addition, adjustment can be
influenced by an individual’s medical and social environments. Some individuals
report a sense of disorientation given discrepant medical opinions across physicians
about the best management approach while others feel supported [20]. Feelings of
distress may not directly correlate to adjustment and coping to mutation positive
status, but rather frustration experienced with navigating care [20]. Furthermore,
individuals may receive a positive test result in the absence of illness. Such indi-
viduals continue to manage everyday social duties and responsibilities, while
coping with new risk information and navigating next steps [20] Without a physical
ailment or proof or disease, carriers may find that others (unaffected by HBOC) may
not understand the gravity of this type of risk information and therefore may not be
able to provide appropriate support. Given this, BRCA-positive individuals may
appreciate and benefit from support resources, which enable them to connect to
others with a shared experience. Some examples are listed below in Table 12.2.

Table 12.2 Resources for support, information, and advocacy

Resources for support, information, and advocacy

Facing our risk of cancer empowered (FORCE) www.facingourrisk.org
1-866-288-RISK (7475)

Bright pink www.brightpink.org

Basser center for BRCA basser.org

HIS breast cancer awareness hisbreastcancer.org

Sharsheret www.sharsheret.org

866-474-2774
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Risk Communication and Dissemination of Information
to Relatives

After a BRCA gene mutation is identified in a family, opportunities arise for:
(1) highly informative predictive genetic testing for carrier status and cancer risk
assessment, (2) cancer risk reduction measures, and/or (3) enhanced cancer
surveillance in relatives with a BRCA mutation. However, the great value of this
information is diminished if not shared with at-risk relatives in a timely and an
accurate manner. While many individuals initially pursue genetic testing for the
sake of their relatives, it is not uncommon for a person with a newly identified
BRCA mutation to articulate concerns and apprehensions about communicating the
genetic testing information to family members. This section shares options for
healthcare providers to support or enhance family health communication and also
discusses parental disclosure of BRCA-positive results to minor and young adult
offspring.

Frequently, the responsibility of sharing a positive BRCAI/2 genetic test result
with relatives rests on the proband, the first person in the family to undergo genetic
testing [23-25]. If the evaluation for HBOC syndrome was prompted by a recent
cancer diagnosis in the proband, that individual may be overwhelmed by their own
health crisis and challenged by their own healthcare needs, leaving less time and
ability to focus on the needs of relatives. Thus, the distress caused by a recent
cancer diagnosis can prohibit the timely disclosure of BRCA genetic testing
information [23, 26].

Family relationships and interpersonal dynamics also influence whether, when,
and with whom genetic testing results are shared. It has been recognized that
women act as “kin-keepers,” more often taking on roles of maintaining relation-
ships and facilitating communication among relatives, and this extends to the
gathering and sharing of health information, including BRCA1/2 genetic test results
[27, 28]. Family leaders, including parents, may play a crucial role in gathering
relevant health information, since they often have better recollection and access to
more distant family history and relatives [27]. Hearing about an identified BRCA1/2
mutation from a family member with a related cancer may help lend weight to the
importance of the information, as well as create opportunities for discussion as
“teachable moments” may arise over the course of treatment and follow-up care
[27]. Thus, when encouraging a person to inform their at-risk relatives, it may be
helpful to encourage careful thought about which relatives often serve as family
leaders, providing emotional support and fostering communication between rela-
tives. It may be useful to a person with a newly identified BRCA mutation to
consider whom they might enlist to help disseminate genetic risk information.

Despite best efforts by healthcare providers to emphasize the salience of a
BRCA-positive genetic test result for all at-risk relatives, resistance may be
encountered. Branches of the family may have lost contact over the years due to
geographic distance or even emotional distance, in the case of family conflict.
Various studies have shown more distant branches of a family, such as second- and
third-degree relatives, are less likely to be informed about a genetic risk in the
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family, compared to first-degree relatives [29-31]. Individuals who find it difficult
to communicate with relatives may negatively experience a healthcare provider’s
encouragement as pressure to act or behave in a responsible manner [28, 32].
“Passive non-disclosure” has been described as the situation in which patients at
first seem willing to share genetic testing information with relatives, but ultimately
do not take such action. It may therefore be necessary to follow-up with patients
after the initial results appointment to verify whether disclosure occurred [33].

Family notification letters are a tool frequently employed by genetic counselors
to aid individuals with known gene mutations to educate relatives regarding the
availability and importance of informative predictive genetic testing [34]. The
Basser center for BRCA has dedicated portions of the organization’s website to
BRCA support and family communication, which includes template BRCAI and
BRCA2 Family Letters [35]. Despite this, challenges remain in terms of dissemi-
nation of genetic test results to relatives, leading some clinician—researchers to
explore possible interventions to facilitate family communication [36, 37].

Even in scenarios where disclosure of genetic test results occurs, relatives may
not recall or adequately understand the information received. A recent survey of
relatives whose family member pursued BRCA1/2 genetic testing found 10.5% were
unable to recall the result at all, and 17.9% incorrectly interpreted the result they
recalled. It should be noted, however, that this study included families with BRCA
uninformative negative and inconclusive results, which were significantly less
likely to be accurately understood [23].

In terms of gender differences, men may be less likely to accurately remember
the genetic test result and more likely to deny having heard it [23]. It has also been
shown that men in families with HBOC syndrome are less likely to be informed
about the diagnosis [23, 28, 38], perhaps due to its disproportionate impact on
female cancer risk. Female first-degree relatives and adult children are more likely
to be informed [23, 30].

For parents with young children, questions often arise regarding whether and
when to disclose a familial BRCA mutation to offspring. Professional societies
caution against BRCA genetic testing for individuals under 18 years old, given the
need to preserve the child’s autonomy and the lack of proven medical benefit of
interventions to reduce risk prior to this age (discussed in greater depth elsewhere in
this chapter) [39—41]. However, these recommendations do not address the timing
of disclosure to offspring, and few parents report involving a healthcare provider in
the decision to disclose [42].

Despite this, studies have shown that a majority of parents do discuss BRCA
genetic test results with their children, some even sharing this information with
children as young as age 7 [28, 42, 43]. Both the age of the child and the result itself
(whether positive or negative) appear to influence when parents tell their offspring;
for positive results, 44% disclosed within one month, but parents tended to wait
longer when if their children were younger [42]. Among a surveyed cohort of older
offspring, daughters of mutation carriers aged 18—24, more than half indicated being
informed within one month from the time the mother received a BRCA-positive result
[44]. Often, these disclosures occurred in relation to plans for the mother to undergo
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preventative surgery or in the setting of her diagnosis of cancer [44]. When parents
delay sharing a BRCA-positive result with children, they often cite wanting time to
adjust to their own test result and to plan how to share the information [42]. One
helpful tool for parents deciding when and how to discuss genetic risk information
was created via a joint effort between NSGC and the organization Facing Our Risk of
Cancer Empowered (FORCE); this booklet, Talking About BRCA in Your Family
Tree, is publically accessible online (http://www.facingourrisk.org/understanding-
brca-and-hboc/publications/documents/booklet-talking-about-brca-family.pdf) and
serves as a valuable resource for parents struggling with these issues [45].

Cultural Considerations

Those of Ashkenazi (Central/Eastern European) Jewish ancestry have an elevated
chance (1 in 40) of carrying a mutation in either BRCAI or BRCA2 due to a
phenomenon known as “founder effect” [46]. Therefore, knowledge about Jewish
ancestry can profoundly impact breast cancer risk assessment [47]. For Orthodox
women in particular, a positive BRCAI or BRCA2 result brings forth unique con-
siderations. Obligations under the Jewish code of ethics, referred to as Jewish Law
(Halacha), emphasize protection of one’s own health, which may be in conflict with
consensus medical recommendations provided to mutation carriers. From a
Halachic perspective, risk-reducing surgery involves “mutilation of a healthy
organ,” specifically breasts and ovaries that impact a woman’s sexuality and
appearance [48]. Additionally, removal of ovaries may prevent a BRCA-positive
woman from fulfilling the mitzvah to “be fruitful and multiply” [48]. Individuals
subsequently may be hesitant to learn or to share their mutation status, so as not to
threaten marriageability. These are just a few examples which must be addressed
with both evidence-based medicine and cultural sensitivity. Typically, a woman
(and spouse) may present to their rabbinic authority for guidance and assistance. Of
late, a growing number of Jewish authorities have been considering the health
benefits of surgical interventions and permitting based upon the Halachic obligation
to prevent disease [48].

Beyond this, it is important to note that most BRCA-specific research has been
conducted in predominantly Caucasian populations. There exists a current under-
representation of minority group engagement and awareness of genetic testing and,
consequently, research specific to the psychosocial implications of medical man-
agement in mutation carriers. While there is a desire among minority populations,
to embrace genetic testing [49, 50], these patients remain overwhelmingly less
likely to undergo risk assessment and genetic testing [51]. Although certain barriers
exist in terms of insurance coverage, awareness of testing, and service availability
[52], these three factors do not fully explain these disparities. With the advent of
health information technology, some have suggested employing electronic medical
record-based decision support as well as utilization of online social media to
identify a greater catchment of individuals who may be eligible for testing [53].
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Psychosocial Impact and Utilization of Medical
Management Options in BRCA1/2 Mutation Carriers

Decisions about medical management among women and men with BRCAI and
BRCA2 gene mutations are complex and driven by many factors that can be both
cognitive and affective. Among high-risk populations such as BRCAI and BRCA2
mutation carriers, worry and other emotional states have emerged as strong pre-
dictors of behavior [54-56]. Risk perception, baseline depression and distress,
having young children, and, in particular, previous cancer-related experience
strongly influence psychological status and appear to drive decision-making [57].

Women may reduce their risk of cancer-related morbidity and mortality through
increased surveillance and risk-reducing strategies [S8—62]. Men also may consider
enhanced surveillance; although at present, existing recommendations for men are
not as well-defined or evidence-based as they are for women. A number of psy-
chological implications arise from lifelong risk management and vary based upon
gender, life stage, and presence or lack of illness in the family. This section will
explore some of these issues with an emphasis on risk-reducing surgeries among
women.

High-Risk Breast Surveillance

For the majority of BRCA mutation carriers, current data supports enhanced breast
surveillance (via annual mammography and breast MRI) as a reasonable alternative
to bilateral risk-reducing mastectomy (BRRM). Women choosing enhanced
surveillance appear to live as long as those choosing BRRM, though breast cancer
may still develop and require treatment [63—-66]. It may be helpful to recognize and
discuss with BRCA-positive women the fact that decisions surrounding enhanced
breast screening versus risk-reducing mastectomy are often intensely personal and
influenced by various factors, such as cancer-related worry, risk tolerance, potential
for surgical risks/complications, concerns regarding physical postoperative chan-
ges, body image, sexuality, age, desire to breastfeed, and personal history of pre-
vious cancer diagnosis. There also may be a period of deliberation after learning a
genetic testing result, when a woman is gathering information to optimize informed
medical decisions, clarifying her concerns and weighing her priorities.

Among women at general population risk for breast cancer, annual mammog-
raphy does not appear to confer significant negative psychological consequences
unless a false positive result, an acute life experience around time of screen, or a
diagnosis of breast cancer occurs. Among women with false positive screens, any
emotional disturbance is typically transient and returns to baseline after a benign
evaluation, whether with repeat imaging or biopsy. However, for some women, this
disturbance may persist six or more months after a benign evaluation, thus sup-
porting there may be vulnerable subgroups of women who may benefit from close
monitoring for adverse events after breast imaging recall events [67-71].



12 Psychosocial, Ethical, and Legal Implications ... 213

Mutation carriers opting for surveillance versus surgery are a self-selected group,
generally with lower breast cancer-related anxiety. Despite a lower cancer-related
anxiety, BRCA1/2 mutation status remains a predictor of stress during times of
screening recall events (either repeat imaging or breast biopsy). A study of 189
women undergoing MRI scans, including 34 BRCA mutation carriers, did not
observe a clinically meaningful increase in stress across high-risk women overall.
However, BRCA mutation carrier status, as well as having a previous history of
breast cancer, predicted higher intrusion and avoidance scores, representing more
disproportionate adverse thoughts and withdrawnness, respectively. Fortunately,
this cognitive avoidance did not appear to impair screening adherence, and the
majority of women later returned for additional follow-up [71]. In a separate cohort
of 281 high-risk women undergoing breast MRI and mammography surveillance in
the Netherlands, including 42 women with BRCA mutations, global anxiety scores
and breast cancer distress scores were higher on the day of the screening
appointment, but both scores decreased a month later [72].

During times of screening recall, adequate coping and support are noted as
important variables in adjustment among BRCA carriers [57, 73]. Additional study
is needed to determine whether a small subgroup of women, including a subgroup
among BRCA mutation carriers, may be at greater risk for more severe and pro-
longed anxiety surrounding enhanced breast surveillance and breast biopsies. Based
on anecdotal clinical experiences, these may be women better served by risk
reduction measures.

Some BRCA carriers delay the decision for BRRM and choose enhanced
surveillance in the interim. In a large single-center study, uptake of surgery in
women with BRCA mutations was highest within 2 years of receiving a genetic test
result; however, uptake continued, so that the predicted uptake by 7 years was 60%
for BRCAI carriers and 43% for BRCA2 carriers [74]. Women who delayed BRRM
were typically younger with lower absolute breast cancer risks at time of genetic
testing result, and/or were influenced to choose eventually surgery based upon
cancer morbidity/mortality in their family. Overall, clinical experience suggests that
many women desire a period of reflection, information-gathering, and consultation
with experts before deciding to proceed with or decline risk-reducing surgery [74].
Given sufficient alternatives such as earlier and more frequent breast surveillance
via mammography and breast MRI, the pursuit of BRRM remains a highly indi-
vidualized decision that must be tailored to a woman’s unique set of needs and
concerns.

Chemoprevention Uptake

Decisions regarding chemoprevention can be particularly emotionally burdensome
given trade-offs between the benefit of reducing breast cancer risk and the risks of
taking the medication itself [75]. The uptake of chemoprevention to reduce breast
cancer risk among BRCAI and BRCA2 mutation carriers remains low [76, 77].
Among high-risk women, including those with a strong family history and/or a
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BRCA mutation, most remain unaware or have limited understanding of chemo-
prevention medications and/or harbor misconceptions regarding its use
[78]. Despite well-documented benefits of tamoxifen in reducing breast cancer risk
considerably, the risks may cause worry, fear, and reluctance in using this option.
Among 1134 unaffected BRCAI and BRCA2 mutation carriers ascertained via a
formal cancer risk evaluation program, only 12.4% considered chemoprevention
(tamoxifen or raloxifene) [77]. Although 379 patients within this cohort were under
the age of 35, and therefore not eligible for chemoprevention, 912 individuals were
between the ages of 35 and 60. Of these, 8§11 did NOT proceed with tamoxifen or
raloxifene [77]. Reasons for low uptake included worry about side effects, plans to
undergo risk-reducing bilateral mastectomies, and issues regarding communication
between the individual and their healthcare provider [77].

A growing body of research regarding “affective forecasting” suggests people
routinely base life decisions on the expected impact these choices will confer on
their emotional well-being [75]. When applied to discussions about
decision-making for chemoprevention, a large cohort of high-risk women were
randomized to either an online educational tool about chemoprevention use
(N = 661) versus no intervention (N = 322). At 3-month follow-up, only 0.5%
(N = 2) had initiated chemoprevention medication, though 44% were still weighing
their options. Researchers identified a negative perception of chemoprevention, in
that taking such a medication would increase their health-related stress. Karavites
et al. theorized that affective forecasts are consistently biased by 3 cognitive pillars:

1. Focalism: The tendency for people to focus on the most stressful aspect of a
situation. This could be a disproportionate focus on possible side effects of a
medication.

2. Coping fallacy: The underestimation of resilience in coping with stressful sce-
nario. This could be the underestimation that people may adjust to taking a
medication more easily than imagined.

3. Dysphoric Forecasting Bias: Stress in the moment, like receiving new risk
information, may lead people to overestimate future stress. This could be the
physician discussion regarding a medication, which causes acute stress, but if
the topic were revisited later, stress may have somewhat dissipated.

Additional research is necessary to inform whether individuals’ expectations are
relatively realistic or biased by the above assumptions, and if biased, for whom and
under what circumstances [75].

In addition to patient willingness, many patients also do not recall their
healthcare provider discussing the option of chemoprevention or felt information
was insufficient to make an educated decision [76]. Among surveyed physicians, a
considerable portion of providers are not convinced of the potency of chemopre-
vention in BRCA1/2 carriers specifically [76, 79]. Potentially, additional education
and discussion between patient and provider on the topic of chemoprevention might
encourage more women to seriously consider and engage in this significant risk
reduction option.
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Risk-Reducing Bilateral and Contralateral Mastectomies

In an international study, the USA demonstrated the highest uptake of surgical
prophylaxis with 36.3% of 703 BRCA mutation carriers undergoing BRRM and
71.1% undergoing risk-reducing salpingo-oophorectomy, or RRSO [77].
Unlike RRSO, where the mortality benefit is well-evidenced, the mortality benefit
of BRRM is modest to marginal [62]. Although enhanced surveillance by mam-
mography and breast MRI may be advantageous in breast cancer detection at earlier
and ideally more treatable stages, it is important to note that treatment may still
require chemotherapy. For many women with BRCA mutations, the decision to
undergo BRRM is primarily motivated by the paramount desire to avoid a breast
cancer diagnosis and subsequent treatment.

Higher perceived risk, higher baseline worry and anxiety, as well as personal
experience with cancer family history (first- and second-degree relatives deceased
from breast cancer, particularly a mother), positively predict BRRM [56]. Some
women pursue BRRM soon after receipt of a BRCA-positive genetic test result.
Others defer until completion of childbearing, formation of committed relation-
ships, or time of first breast cancer diagnosis.

Overall, women at risk for hereditary breast cancer who pursue BRRM are
satisfied with their decisions. The urge to reduce breast cancer risk is the pre-
dominant concern prior to surgery [80-83], and several studies conclude that
BRRM confers psychological benefits in terms of reduced cancer-related anxiety
[80, 84, 85]. Nevertheless, many women do share the adverse impact BRRM (even
with reconstruction) has on body image [73, 80, 81, 86]. Recognition of these
potential benefits and drawbacks encourages a woman to fully investigate her
position on risk-reducing surgery. As providers, it is important to engage in this
balanced discussion and to understand this conversation may not be singular,
instead requiring multiple discussions over time.

Bilateral Risk-Reducing Mastectomies: Short-Term
Psychological Impact

Within the year of surgery and reconstruction, studies support reduced
cancer-related worry and distress, but less favorable body image and decreased
sexual satisfaction [87]. Feelings of “not being happy with breast appearance”
and/or “not feeling feminine” can persist, even if not explicitly expressed by the
woman. Higher baseline cancer distress and lower baseline self-esteem predict
greater dissatisfaction with body image [16, 73, 80-84, 86, 87]. Critics of
short-term follow-up studies suggest that measuring body image within 1-year
post-surgery may not be truly representative of long-term adjustment. Some women
may require more time to complete reconstruction, overcome post-surgical com-
plications, and/or adjust to loss of breasts or new body proportions.
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Bilateral Risk-Reducing Mastectomies: Long-Term
Psychological Impact

Follow-up at longer time points after BRRM reveal that the adverse outcomes
evident immediately following surgery, including the emotional aspects, will peak
and then decline over time. A long-term study of women up to 6-9 years after
BRRM with breast reconstruction revealed significant increase in general body
image issues at 6-month and 1-year, which eventually diminished over time.
However, this decline never fully returned to baseline. This suggests that some
feelings of decreased femininity and sexual attractiveness, despite improvement,
still persist [88]. In particular, poor body image and general distress prior to surgery
negatively affect a woman’s sense of femininity and attractiveness after surgery.
Women with more favorable impressions, who sought social support, and who
exhibited strong coping skills had better long-term adjustment.

It is known from interview studies that most women experience feelings of
loneliness and isolation post-surgery, which may be counterbalanced by the process
of sharing the physical and emotional effects of surgery with others [89, 90].
Partners, in particular, are an important source of support for women. Partner’s
acceptance of a changed appearance of the woman’s body and his/her reassurance
of their desirability may help to maintain a sense of attractiveness. Furthermore,
women opting for BRRM while not having a partner may be more reluctant to
pursue future intimate relationships due to concern about sharing their post-surgical
appearance [16]. Such anticipatory fear might affect their breast-specific body
image.

Contralateral Risk-Reducing Mastectomy

Women who undergo contralateral risk-reducing mastectomy (CRRM) often share
similar motives and predictors to those who pursue BRRM. However, by nature of
having had a breast cancer diagnosis, this population will have other factors play
into their decision-making. Predictors of CRRM include younger age at time of
diagnosis, node negative disease, positive family history for breast or ovarian
cancer, previous unilateral mastectomy versus breast conservation, as well as BRCA
mutation status. Of note, many of these predictors also impact a woman’s decision
for CRRM, even if BRCA1/2 mutation testing is negative (no mutation identified).
Except for some suggestion of CRRM improving disease-free survival in younger
women with hormone receptor negative disease [91], there is currently little to no
data to support that CRRM improves breast-specific mortality [92-94].

In a large multinational study of over 900 women with BRCA 1/2 mutations, 253
(27.3%) underwent CRRM after a breast cancer diagnosis. Of these 253 women,
over ninety percent completed their CRRM as a second surgery [82]. Over the last
decade, there has been an increase in BRCA genetic testing prior to surgery. Rates
of BRRM are consistently higher when BRCA mutation status is known before
surgery; identification of a BRCAI/2 mutation post-surgically often leads to a
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subsequent risk-reducing surgery [94-96]. Although a particularly overwhelming
time, establishing BRCA mutation status at time of cancer diagnosis enables women
to consider surgical decisions for risk reduction if BRCA-positive [94-96].

Among women unaffected by breast cancer and those affected with unilateral
breast cancer, satisfaction with BRRM or CRRM, respectively, is high [82]. Lon-
gitudinal data indicates no clinically meaningful variations in anxiety and depres-
sion scores pre- and post-surgery. Additionally, significant reduction in perceived
cancer risk occurs across both groups (unaffected and affected), as well as reduced
cancer worry among unaffected women [82].

Risk-Reducing Bilateral Salpingo-Oophorectomy

Several studies have demonstrated the efficacy of risk-reducing salpingo-
oophorectomy (RRSO) in BRCA mutation carriers. RRSO leads to a significant
reduction in all-cause, breast cancer-specific and ovarian cancer-specific mortality
[58, 59, 62]. Therefore, RRSO is clearly indicated for female BRCA mutation
carriers and is recommended between the ages of 35 and 40 [97].

Predictors of RRSO

Women recognize RRSO as a life-saving intervention, and the majority of mutation
carriers do eventually proceed with RRSO [98-101]. Women opting for RRSO
indicate high ovarian cancer risk (actual and perceived), lack of effective screening,
and fear of developing ovarian cancer as primary motivators. Additional predictors
of RRSO include older age (>40 years old), completion of childbearing, as well as
higher baseline anxiety and worry [101, 102].

A 5-year follow-up study in women with BRCA1/2 mutations who underwent
risk-reducing surgery (both RRSO and BRRM) revealed that those who elected
RRSO reported diminished fear of cancer, and most women felt surgery was
worthwhile despite adverse consequences of surgical menopause [16]. Most women
demonstrated adequate coping mechanisms and did not differ significantly from
non-carriers in terms of psychological distress, cancer worry, and help-seeking
behavior over the 5-year period. Carriers reporting solid family communication and
supportive partners experienced a greater ease with coping and adjustment.
Although generally satisfied with their decision, mutation carriers report feeling less
satisfied with their bodies and had more problems with sexual and endocrine
functioning. The biggest predictors of long-term distress were baseline general
cancer-related anxiety, personal experience of losing loved one to cancer, and
having young children (<15 years). The latter was attributed to “fear of leaving
young children behind and to difficulties informing children about their cancer
risks” [16]. Similar conclusions were drawn from a large series of 846 women with
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an increased ovarian cancer risk (368 of whom were BRCA mutation carriers). In
this study, 44% of patients underwent RRSO, including 264 (72%) of BRCA
mutation carrier cohort. There was favorable sentiment toward RRSO in high-risk
women, and despite significant reports of decreased sexual and endocrine func-
tioning, 86% of women would do it again. Proceeding with RRSO was associated
with fewer breast/ovarian cancer worries and more favorable cancer risk perception.
Favorable cancer risk perception was best appreciated in those women who had
undergone both RRSO and BRRM [102].

“What | Wished | Had Known Before RRSO”

In the context of RRSO, patients may feel shy or embarrassed to discuss certain
sensitive topics with their providers regarding post-surgical effects, such as libido or
vaginal dryness. Indeed, they may not know enough information to generate such
questions. Some may feel “survivor’s guilt” that prevents them from sharing
concerns about surgical side effects, convincing themselves to instead feel “lucky”
or “thankful” for having the opportunity to ovarian cancer [103].

Ninety-eight mutation carriers, ascertained through the Yale Cancer Genetic
Counseling program, completed a post-RRSO questionnaire, “What 1 wish I’d
known before surgery: BRCA carriers’ perspectives after bilateral
salpingo-oophorectomy.” Patients shared their desires, in hindsight, for more can-
did information from their providers regarding libido, impact on body image,
changes to sex life, and possible relationship changes with partners. Their
impressions suggested that pre-surgical dialogue predominantly focused on the
surgical procedure itself, as well as the cancer risk reduction provided [103].
Although the latter is a critical piece, the pre-surgical discussion may be incomplete
for many women.

The following adapted table (Table 12.3) highlights patient report of symptoms
after RRSO.

Table 12.3 Patient report of symptoms after RRSO

Symptom % reporting “frequent” or “very frequent”
Change in interest in sex 50.0
Change in sex life 43.9
Vaginal dryness 52.1
Hot flashes 429
Sleep disturbances 46.9
Night sweats 33.7
Painful intercourse 31.0
Change in body image 31.6
Depression 21.4

Table adapted from Campfield Bonadies et al. [103]
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Hormone Replacement Therapy (HRT) and RRSO

Hormone replacement therapy (HRT) may be offered to unaffected, premenopausal
BRCA1/2 mutation carrier women who undergo RRSO. This may be used to
combat symptoms of surgical menopause and perhaps reduce long-term effects such
as osteoporosis, among other issues. For women concerned about surgical meno-
pause, it may not be easy to elect RRSO, particularly if the woman lacks personal
experience of ovarian cancer among relatives or friends, and if the woman’s per-
ception of ovarian and other cancers is that they are generally survivable [104, 105].
Conversations regarding use of HRT in this context should be discussed with a
knowledgeable medical professional.

Male BRCA1 and BRCA2 Mutation Carriers

Little research attention has been paid to male experiences in HBOC families [106].
The sparse literature available describes men as mainly seeking genetic testing out
of an obligation to their children [107-109], and it is reported that women have a
strong influence upon male decision-making regarding genetic testing [107, 108].
Although study samples have been small, a majority of men are aware at some level
of the hereditary nature of cancer in their families and harbor significant concerns
about their own cancer risk [110].

Prostate Cancer Surveillance

Consistent with women in HBOC families, men also lack confidence in general
practitioners to navigate management issues specific to BRCA mutations. However,
in contrast to women, men are less likely to be included in surveillance programs
[106]. Some BRCA-positive men, especially those under 50 years of age, report
difficulty setting up serial prostate screening given resistance from their medical
providers. This is likely due to the controversial status of prostate cancer surveil-
lance among men in the general population [111-113]. Although controversial,
there is reported high screening compliance among average risk men offered
prostate surveillance (PSA and DRE) [111], and, although sample size has been
small, among BRCA1/2 mutation carrier males as well [109]. One limitation of the
latter, however, is that this sampling was a highly motivated self-selected group.
In the largest international prospective cohort IMPACT Study) comparing male
BRCAI/2 mutation carriers versus controls (true negatives for familial BRCA
mutation), targeted PSA screening resulted in high positive predictive value and the
identification of high-grade tumors [114-116]. This emerging data has supported
PSA screening in BRCA1/2 mutation carriers, especially given the younger cohort
age (40-69 years of age) and identification of cancers requiring therapeutic
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intervention [114]. IMPACT also administered Quality of Life self-report surveys
as a sub-study, recently been submitted for publication (pending). While analysis of
both carriers and controls yielded population norms for psychological distress,
some men with BRCA mutations have higher prostate cancer-specific distress than
men who tested negative for a known familial BRCA mutation (personal commu-
nication from Elizabeth Bancroft, study coordinator and research nurse for the
IMPACT project).

Male Breast Cancer Surveillance

There is the general perception that breast cancer is not a man’s disease. For male
BRCA carriers, breast cancer is no longer an abstract thought, but a real possibility
based upon the 1-7% lifetime risk of developing breast cancer [117]. In
age-matched studies, men are typically diagnosed at a later stage versus women,
based upon failure to recognize early symptoms or changes to the breast tissue [118,
119]. Clinical breast examination (CBE) remains a key factor in early diagnosis and
BRCA-positive men [118, 119]. Without proper education, men may be unfamiliar
with breast symptoms they should be mindful of, and like self-advocacy with
PSA/DRE, men can experience resistance when inquiring with their medical
providers.

Men may feel stigma when sharing feelings about breast cancer risk, or having a
breast cancer diagnosis [120]. Although literature is scant, patient testimonies can
be found with similar resonating themes [120-122]:

. Shock

. Stigma in dealing with predominantly a woman’s disease

. Reluctance to appear vulnerable

. Shift in body image after a surgery or treatment

. Limited conversation about the breast cancer experience

. Fear of judgment or dismissal from peers

. Limited resources and what is available is generally intended for women

. Resources felt to be most helpful: photos of a post-mastectomy male and
information regarding side effects of hormonal therapy.

0NN N B~ W

Despite the paucity of medical guidelines regarding male breast cancer and the
minimal data regarding psychological impact in this population, it is important to
identify actual and psychological barriers to care and to offer men adequate guid-
ance in their journeys. Additionally, like women with HBOC, a subset of men with
BRCA mutations may have less favorable coping with high anxiety and distress. It
is important to identify mechanisms to identify these at-risk individuals and pro-
mote well-being and healthy behaviors.
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Unique Considerations in Young Adulthood

A growing body of literature supports the fact that young women, aged 6-19 years
of age, with a positive breast cancer family history with or without a familial BRCA
mutation, do not have poorer psychosocial adjustment than their peers [123-126].
However, they do exhibit higher perceived breast cancer risks as well as
cancer-specific distress. Young women have been shown to be quite adaptive to
early communication and disclosure of BRCA genetic test results; this open sharing
may improve healthy behaviors [124, 126]. More highly anxious young women
from high-risk families tend to have more highly anxious mothers, and/or poorer
communication within their own families [124, 126].

Testing for BRCAI and BRCA2 mutations is generally advised against in minors
under the age of 18. Increasingly, however, young women (18-24 year olds) from
hereditary breast/ovarian cancer families are pursuing genetic testing despite low
absolute risks of breast and ovarian cancer and despite the fact that evidence-based
management options are not generally available or recommended until age 25
[127]. The decision-making process in which these young individuals engage is
distinct from the larger population of women in HBOC families [127, 128]. In
semi-structured interviews of 32 young BRCA1/2 female mutation carriers, many
women had feelings of vulnerability manifested as a sense of urgency in risk
management [127]. Young women may experience external pressure from medical
providers as well as close family members. Patients note they receive “life coun-
seling” (for example, to have children early in preparation for ovary removal) in a
similar manner to more straightforward recommendations of beginning yearly
breast MRI at age 25. In addition, a significant feature within this age-group is
reliance on parents for continued emotional, pragmatic, and financial support. This
reliance is generally quite helpful; however, some young individuals can feel
pressure to undergo genetic testing and engage in certain risk-reducing behaviors
prematurely. The latter can be brought about by a parent who has experienced loss
through a personal diagnosis and/or cancer diagnosis of a loved one.

Young women (and men) may desire genetic testing to resolve uncertainty,
feeling that it is better to know whether they do or do not carry a BRCA mutation.
The latter could be to relieve the burden of “not knowing,” as well as aiding in
preparedness for the future. In addition, although individuals are tending to start
childbearing later than their predecessors, the opportunities for pre-implantation
genetic diagnosis (PGD) provide the possibility for a different element of inten-
tional reproductive family planning [128].

Given incomplete development within this age range as well as lack of “medical
actionability,” readiness to make independent and enduring life decisions should be
carefully assessed by both the individual and their medical provider. Genetic
education and decision-making should be an ongoing and inclusive process met
with sensitivity and empathy. Motivators for testing should be thoroughly explored
and vetted, and the young individual should be able to clearly articulate their
perceived benefits, as well as risks and limitations to genetic testing at this time
point in their lives.
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Legal Issues in BRCA Genetic Testing and HBOC

Anti-genetic Discrimination Legislation, Protections
and Limitations

Genetic testing has become an increasingly powerful diagnostic and prognostic
tool, yet healthcare providers and their patients remain wary of the potential of
genetic testing to trigger discrimination [129]. There is limited awareness of the true
scope of legal protections afforded by legislation, and fear of misuse of genetic
information remains prevalent. There is little evidence to support the concept that
genetic discrimination by health insurers or employers actually occurs, although
this may be due to a lack of such events being reported or confusion about what
defines genetic discrimination [130, 131]. Still, patients have avoided clinical
genetic testing and genetic research participation due to fear of discrimination
[132-134]. This motivated the genetics community (providers and advocates) to
lobby on behalf of these concerns, which resulted in the passage of Genetics
Information Non-discrimination Act (GINA) in 2008. Although certainly not
exclusive to BRCAI and BRCA2 mutations carriers, healthcare providers and
patients are continuously challenged to understand their legal protections and the
limitations of these.

Federal and state laws are like patchwork. It can be difficult to fully comprehend
the “who, what, when, where, and why.” The following will highlight legislative
milestones in the quest for genetic protections through the lens of a genetic
counselor. This does not substitute for legal advice, nor does it provide every clause
or subtext. There are four main pieces of legislation, that when utilized in combi-
nation, provide a minimum expectation for patient protections against the misuse of
genetic information:

1. Health Insurance Portability and Accountability Act (HIPAA, 1996, final Pri-
vacy Rule 2002) [135];

2. Genetic Information Non-discrimination Act (GINA, 2008) [136];

. The American Disabilities Act (ADA, Amendment 2009) [137, 138];

4. The Affordable Care Act (ACA, 2010) [139].

(O8]

Historically, GINA is recognized as the first federal law whose primary objective
was protection from genetic discrimination. GINA was built upon the privacy
provisions implemented by the Health Insurance Portability and Accountability
Act, as well as employment provisions set forth by the American Disabilities Act.
More recently in 2010, the Affordable Health Care Act (ACA) worked to close
certain gaps for which GINA fell short, although there remain important short-
comings that must be highlighted and understood.
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Genetic Information Non-discrimination Act (GINA) of 2008

After 13 years of advocacy by the genetics community and US lawmakers, the
Genetic Information Non-discrimination Act (GINA) was signed into law in 2008
[140]. GINA was the first application of the HIPAA privacy rule to genetic
information, and it has two titles, health insurance (Title I) and employment (Title
ID). Broadly speaking, GINA prohibits employers and health insurance companies
from discriminating against an individual based on his or her genetic information,
which includes family history as well as direct-to-consumer genetic testing [136].
Importantly, health insurance companies and employers are not allowed to collect
genetic information in order to use it to raise premium rates, deny coverage, or
make adverse employment determination [136]. GINA clarifies HIPAA in docu-
menting that genetic information is health-related information; however, this does
not include symptomatic individuals who “manifest disease” (i.e., a woman with
breast cancer who later tests positive for a BRCAI gene mutation). Additionally,
GINA employment provisions do not apply to employers with fewer than 15
employees, and both health and employment provisions do not apply to Federal
Employee Health Benefits program, US Military, Veterans Administration, and the
Indian Health Service [136]. Some of these institutions have separate policies
protecting individuals from genetic information related discrimination. Of note,
GINA protections do not extend to life insurance, disability, and long-term care
insurance.

There are several states with laws against genetic information discrimination,
which vary significantly in scope and application. These state laws may be more or
less stringent compared to GINA, and some also extend to life, disability, and
long-term care insurance. GINA provides a baseline protection, which states can
model after, but it does not preempt more stringent state laws. A list of state laws
related to genetic information discrimination may be located at https://www.
genome.gov/policyethics/legdatabase/pubsearch.cfm.

The Affordable Care Act (ACA) of 2010

The ACA changes the prism through which GINA may be viewed. The ACA
prohibits discrimination by health insurers (both group AND individual) on the
basis of preexisting conditions, including genetic test results, thereby closing the
gap in health insurance protection for persons with manifest disease [139]. Also,
certain health insurance issuers cannot increase or adjust health insurance premiums
based on a “preexisting condition,” but have to determine premiums on the basis of
age, geographic area, etc. [139].

With regard to employment discrimination, the ACA did not resolve the
shortcomings of both GINA and the ADA. While GINA excludes “manifest dis-
ease” and ADA has protections in place for those with severe impairment, people
with manifest disease who are not yet disabled remain unprotected on the federal
level [140].


https://www.genome.gov/policyethics/legdatabase/pubsearch.cfm
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Unique Considerations

As medicine increasingly relies upon genetic information, this data does not only
pertain to a singular patient, but rather to a family or lineage. There are unique
considerations when navigating the responsibility to disseminate sensitive genetic
information to at-risk relatives, or when questions arise regarding genetically testing
minors for adult-onset diseases. Unlike federal and state legislation which help set
precedent, there are several ethical matters in the realm of BRCA genetic testing that
do not come with official statute or law. These matters continually challenge the
field, providers, and patients alike.

Duty to Warn

Genetic responsibility toward oneself and others is a highly debated implication of
genetic testing for cancer predisposition [24, 25, 141, 142]. Ensuring that family
members are made aware of the risk is not always easy, as patients are not legally
required to disclose medical information to their relatives [143]. Additionally,
HIPAA prohibits healthcare professionals from disclosing patient information to
third parties, including relatives, without appropriate consent [135, 143]. To date,
with few exceptions, genetic testing information is not exempt from privacy law
[143]. In the ethical and medical literature, there is general agreement for a com-
pelling moral argument affirming the importance of sharing genetic information
with relatives who may potentially be at risk. Yet, most medical associations
hesitate to breach patient confidentiality and warn patients’ relatives directly,
instead suggesting healthcare providers have a duty to advise patients of the rele-
vance and importance genetic information can have to their relatives [24]. Two
primary court cases established the concept of “duty to warn,” although these
generated different conclusions about what constitutes reasonable disclosure.

1. In Pate v. Threlkel, the Supreme Court of Florida ruled a physician has a duty to
warn patients of the genetically transferable nature of the condition for which
they are being treated. Though this duty extends to informing the patient’s
children, the court held that the duty is satisfied by warning the patient of the
familial implications of genetic testing [144, 145].

2. Safer v. Estate of Pack. Shortly after Pate, the court in Safer v. Pack held that a
physician’s duty to warn those known to be at risk of avoidable harm from a
genetically transferable condition might not be satisfied by telling only the
patient [146].

These disparate outcomes speak to the shades of gray and lack of objective
clarity about satisfactory dissemination of health information to those who could
medically act.

Although outright refusal to share information is rare, select circumstances
seriously challenge healthcare providers, in terms of their responsibility to avoid
harm to others. At present, for those who engage in genetic counseling, the Code of
Medical Ethics of the American Medical Association stresses that pre- and post-test
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genetic counseling must include implications of genetic information for their
patients’ biological relatives. However, there is no mandate that the patient act on
this information [147].

Next of Kin and Release of Information

Due to the nature of inherited BRCAI and BRCA2 mutations, it is not uncommon
for family members to inquire about a deceased relative’s positive mutation report
for the purposes of their own genetic testing. A positive mutation report is often
needed by the testing laboratory to inform their testing process and to ensure the
most accurate result, whether positive or negative. Often, the release of this
information must be authorized by the “next of kin,” or nearest blood relative of a
person who has died, including the surviving spouse. Hospitals, private practices, as
well as larger academic centers typically have their own documentation require-
ments, which may be vetted by a legal advisor.

Although not explicitly described in the section prior, the concept of “duty to
warn” extends postmortem and is particularly salient given the patient’s permission
can no longer be sought. Through the process of genetic counseling, patients may
be approached during the pre-test consultation regarding to whom they would
desire information to be released in the event of their passing. This may be helpful
for immediate disclosure purposes, such as a terminal cancer patient on hospice
permitting the provider to disclose the result to a spouse and/or family member, or
this may fulfill a more long-term need, for relatives who may inquire about test
results at any point in time. Genetics is a shared family matter, and the test result of
one person may remain tremendously valuable to family members for a number of
years post-testing.

Testing Minors for BRCA1 and BRCA2 Gene Mutations

Historically, predictive genetic testing in minors for late-onset conditions has been
discouraged by professional organizations, if not proscribed, due to the plausible
psychological harm to the child, as well as lack of clear medical benefit [40]. The
National Society of Genetic Counselors (NSGC), for example, recommends
deferring predictive genetic testing of minors for adult-onset conditions whenever
possible [39]. This general consensus is applicable to predictive genetic testing to
evaluate for HBOC syndrome. Some recent data has emerged suggesting less harm
than anticipated, including reports of considerable resiliency and an ability of
minors to successfully incorporate risk information into their self-concepts and life
plans [40]. Nonetheless, the universal recommendation remains that genetic testing
for late-onset inherited conditions be deferred until adulthood [39, 40]. Should
testing be considered in opposition to this recommendation, exploration of the
medical and psychosocial benefits, and harms should be thoroughly vetted between
the healthcare provider, the patient, and his/her immediate family.

In minors, predictive genetic testing for disease risk should focus firstly on the
child’s medical best interest and whether the intervention will be met with timely
medical benefit. If the medical benefits are uncertain or will be deferred to a later
time, such as having a BRCAI or BRCA2 mutation, justification for testing is less
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compelling [40]. Parents, guardians, or children may be motivated beyond medical
benefit, instead focusing on childhood testing for possible psychological benefit.
Such motivations may be to alleviate uncertainty or to enable earlier adjustment to
risk information. The decision to test, when the test is not anticipated to impact
medical management in the near term, should be made carefully and on a
case-by-case basis. Deferring predictive genetic testing also enables individuals to
make decisions about genetic testing for themselves as adults, taking into account
their own circumstances, preferences, and beliefs. NSGC strongly recommends that
families facing these decisions meet with a certified genetic counselor or medical
geneticist to review the clinical and personal implications of testing [39].

In the setting of predictive BRCAI and BRCA?2 testing, often the child has
experienced cancer in their family, and this history may have impressed upon them
a possible sense of urgency or cancer fear. Alternatively, a parent may wish to
pursue genetic testing in their child due to their own sense of mortality, in order to
ensure children are tested before they pass away. Thorough genetic counseling
before predictive testing is essential to ensure that parents, guardians, and maturing
minors fully comprehend the limits of genetic knowledge and the potential for
psychological harm, as well as to explore whether motivations are sincerely felt to
be in the best interest of the child [39]. Because genetic testing is considered an
elective procedure, proceeding is fully conditional on the child’s assent as well as
parental permission [147]. If a child/adolescent does not desire genetic testing, that
dissent is the final authority. Additionally, if a minor is young or immature,
delaying testing until the minor can actively participate is recommended. Especially
in the setting of predictive BRCA genetic testing, a healthcare provider may decline
involvement given absence of clinical utility.

Conclusion

This chapter summarized some of the main psychosocial considerations from the
time a BRCAI/2-positive individual seeks genetic counseling to the subsequent
journey navigating familial communication and medical decision-making. It is vital
for healthcare providers to have an appreciation and understanding that an indi-
vidual’s journey with hereditary cancer may have been imprinted upon them long
before arriving for genetic testing, influenced by personal experience with cancer or
the testament of their family history. This imprinting understandably drives rea-
soning and the decisions people make.

In addition, this chapter highlighted both legal and ethical considerations related
to hereditary cancer genetic testing. These considerations extend beyond BRCAI
and BRCA2 mutation carriers into other hereditary cancer syndromes. They are
subject to change and evolution over time, but should provide some foundation for
careful thought on these issues.
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