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Identification and Management of Women With BRCA Mutations or
Hereditary Predisposition for Breast and Ovarian Cancer
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Women with a germline BRCA1 or BRCA2 mutation or a hereditary
predisposition for breast and ovarian cancer have substantial risk
of breast or ovarian cancer relative to the general US population.
Health care professionals can be instrumental in identifying wom-
en at increased risk through obtaining a comprehensive family
history and becoming familiar with family history characteristics
associated with hereditary predisposition for breast and ovarian
cancer. BRCA carriers and women at very high risk benefit from
multidisciplinary, individualized medical evaluation and risk man-
agement. We conducted a search of MEDLINE from 1989 through
2010 for the terms BRCA1, BRCA2, breast cancer, ovarian cancer,
risk assessment, and genetic testing. We reviewed abstracts and
relevant randomized and prospective studies that included very
high-risk patient groups and BRCA mutation carriers. Herein, we
review the role of genetic consultation and BRCA testing and the
comprehensive, multisystem recommendations for risk manage-
ment. A multidisciplinary approach offers the ability to educate
those at very high risk about cancer prevention, reduce cancer
risk, maximize early detection of breast and ovarian cancer, and
improve survival.
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CBE = clinical breast examination; MRI = magnetic resonance imaging;
0OC = oral contraceptive; RRSO = risk-reducing salpingo-oophorectomy

Since genetic testing was introduced, its use for risk
assessment by health care professionals has been es-
calating. Hereditary BRCAI and BRCA2 mutations ac-
count for about 60% of inherited breast cancer and are
the only known causes of hereditary breast and ovarian
cancer syndrome. Women with a germline mutation in
BRCAI or BRCA2 or a hereditary predisposition for
breast cancer have markedly increased risk of early-on-
set breast cancer and ovarian cancer. Other, rarer heredi-
tary gene mutations are associated with increased risk of
breast cancer, such as Li-Fraumeni syndrome, Cowden
syndrome, Peutz-Jeghers syndrome, and hereditary dif-
fuse gastric cancer syndrome, but these syndromes are
not discussed herein.'

In the United States in 2009, there were approximately
192,370 new cases of breast cancer and 21,550 new cases
of ovarian cancer.” That year, breast cancer deaths were
estimated at 40,170 and ovarian cancer deaths at 14,600.
Approximately 80% of breast and 90% of ovarian cancer
cases are thought to be sporadic with no associated family
history. Multifactorial familial risk accounts for approxi-
mately 10% to 15% of breast cancer. In the future, test-
able panels of genetic variants likely will combine to sub-
tly alter risk. Hereditary breast cancer—cancer attributable
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to a single hereditary gene mutation in either BRCAI or
BRCA2—accounts for approximately 5% of breast cancer
cases, characteristically occurring before age 50 years. Ap-
proximately 4% to 11% of ovarian cancer is attributable
to a germline mutation, with the greatest proportions in
cancers diagnosed before age 50 years.® An estimated 1 in
300 to 1 in 800 US individuals are BRCA carriers (1 in 50
individuals with Ashkenazi Jewish heritage).*?

Hereditary breast and ovarian cancer attributed to a mu-
tation in a particular gene (ie, BRCAI or BRCA2) can be
passed on to the next generation, transmitted in an auto-
somal dominant pattern. The gene mutation may originate
from the maternal or the paternal side, and each offspring
of a BRCA carrier has a 50% chance of inheriting the muta-
tion.® Specific characteristics that indicate increased likeli-
hood of a BRCA gene mutation are listed in Table 1.

RISK FACTORS

Advancing age is the strongest individually identified risk
factor, but family history provides one of the strongest
clues to the possibility of hereditary breast cancer. Family
history of breast cancer or ovarian cancer diagnosed at a
young age or involving multiple family members may be
clues to a hereditary cancer syndrome.

Some reproductive risk factors that are more com-
monly associated with sporadic breast cancer may differ
in how they influence breast cancer risk in BRCA carriers
compared with the general population. When stimulated
by endogenous or exogenous estrogen during pregnancy
or puberty, breast cells that harbor a BRCAI or BRCA2
mutation react differently to common processes, such
as DNA damage repair, cell proliferation, and cell dif-
ferentiation.” Table 2 lists the results of studies that as-
sessed whether established risk factors for breast cancers
in the general population are also risk factors in carriers
of BRCA mutations. The data and evidence for these as-
sociations are limited and preliminary for women with
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ROLE OF BRCA MUTATIONS AND HEREDITY IN CANCER

TABLE 1. Family History Features Associated With Possible
Hereditary Predisposition for Breast or Ovarian Cancer

Multiple cases of early-onset breast cancer (age, <50 y)

Ovarian cancer

Combination of breast and ovarian cancer in the same woman

Bilateral breast cancer

>1 Family member <50 y with breast cancer or ovarian cancer and Ash-
kenazi Jewish heritage

Male breast cancer

A relative with a documented BRCA ! or BRCA2 mutation

Multiple cases of breast cancer across several generations in a family

BRCA mutations, and further studies are necessary to es-
tablish true associations.

Epidemiological studies have shown that, in general,
lifestyle modification decreases breast cancer in high-risk
women. Risk modification options include regular exercise
(30 minutes 3 times per week), avoidance of postmeno-
pausal obesity, reduced alcohol intake (<1 serving [eg, 12
oz of beer] per day), and avoidance of long-term hormone
therapy. One study showed that physical activity during the
teen years delayed onset of breast cancer in BRCA muta-
tion carriers.!” Furthermore, normal weight at menarche
(P=.02) and low weight at age 21 years (P=.02) also de-
layed breast cancer onset in carriers. Among BRCA carri-
ers, data are limited on the role of lifestyle modification in
reducing breast cancer risk.'®

BREAST AND OVARIAN CANCER RISK ESTIMATES
AND DIFFERENTIATING FEATURES

Among BRCAI mutation carriers, the estimated lifetime
risk of breast cancer is 40% to 85%, and lifetime risk of
ovarian cancer is estimated at 25% to 65%. BRCA2 mu-
tation carriers have about the same risk of breast cancer,
with an ovarian cancer risk estimated to be 15% to 20%.
The range of cancer risk estimates varies with the popula-
tion in different studies and in accordance with the mode
of ascertainment.' Lifetime risk is increased dramatically
compared with the general population, in which the risk of
breast cancer is approximately 13% and the risk of ovarian
cancer is 1.5%.%° Yet, given these increased risks relative
to the general population, approximately 20% to 30% of
BRCA carriers never have breast cancer, and 35% to 85%
do not have ovarian cancer."

Several unique features differentiate BRCAI carriers
from BRCA?2 carriers and may influence surveillance and
management options subsequently. In general, risks and
age at onset of breast cancer are similar, but molecular and
biological features are different. Regarding ovarian cancer,
the risk is considerably greater in BRCA I mutation carriers
and age at diagnosis is younger on average than in BRCA2
mutation carriers (Table 3).
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AssessING BREAsT CANCER Risk

Breast cancer risk assessment is complicated and can be
challenging. Furthermore, no consistent and well-defined
definition or threshold for “high-risk™ has been established.

The Gail model, a computerized method validated in large
populations (available at http://www.cancer.gov/bcrisktool),
is not ideal for predicting individual risk. This model incor-
porates age, reproductive history, breast biopsy history, and
breast cancer occurrence in first-degree relatives. The model
is valid only for women aged 35 years or older and does
not include breast cancer occurrence in second-degree rela-
tives, paternal history, or age at breast cancer diagnosis in
affected relatives. It is not appropriate for use in individuals
with multiple young affected relatives across several genera-
tions or for determining whether to order genetic testing. In
general, a 5-year predicted risk of breast cancer that exceeds
1.66% as calculated by the Gail model is considered high
risk. This model has been used in determining eligibility for
chemoprevention with tamoxifen or raloxifene.”?*

The Claus model is a statistical model that calculates
cumulative (lifetime) breast cancer risk specifically on the
basis of family history and includes maternal and paternal
second-degree relatives and the ages at diagnosis of breast
cancer. It does not incorporate ovarian cancer or nonhe-
reditary or reproductive risk factors. Risk estimates are de-
rived from the family history of 5000 breast cancer cases
(age, 20-54 years) and age-matched controls in the United
States. Both published tables and computerized versions of
this model are useful in clinical practice.”

The IBIS model (IBIS Breast Cancer Risk Evaluation
Tool, RiskFileCalc version 1.0, copyright 2004, available
by contacting ibis@cancer.org.uk), also known as the
Tyrer-Cuzick model, is another risk prediction algorithm
for assessing breast cancer risk and the probability of hav-
ing a BRCA mutation found. It incorporates a more exten-
sive family history and includes reproductive risk factors
and benign breast disease history.?s?’

The BRCAPRO model, version 4.3 (available at http:/
www.4.utsouthwestern.edu/breasthealth/cagene/default.
asp), includes information on affected (both breast and ovar-
ian cancer) and unaffected relatives and, using a Bayesian
approach to risk assessment, estimates the likelihood of
finding BRCAI or BRCA2 mutations in a family. This model
incorporates family history, age at diagnosis of cancers in
the family, presence of bilateral breast cancer, male breast
cancer, and Ashkenazi Jewish heritage.*>25%

Numerous other models are designed specifically to es-
timate the likelihood of a genetic alteration or deleterious
mutation. Their results should be interpreted cautiously be-
cause they do not predict true breast cancer risk and may
give significantly different results for the same patient be-
cause of differences in data input and assumptions in out-
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ROLE OF BRCA MUTATIONS AND HEREDITY IN CANCER

TABLE 2. Summary of Studies of Established Risk Factors Associated With Breast and Ovarian Cancer in the General Population,
as Assessed in BRCA Carriers

Carrier

Risk factor

BRCAI

BRCA2 References

Early-onset menarche (age, <11 y)

cancer risk
First birth after age 30 y

cancer risk
Decreased risk
Decreased risk
Decreased risk
Protective effect
No protection

Parity and breast cancer risk
Parity and ovarian cancer risk
Oral contraceptive use and ovarian cancer risk
Breastfeeding >1 y and breast cancer risk
Breastfeeding >1 y and ovarian cancer risk
Mammographically dense breast tissue and
breast cancer risk
Dietary fat and breast and ovarian cancer risk
Alcohol consumption and breast and
ovarian cancer risk
Physical activity during teen years

Inconclusive
Inconclusive

Increased breast cancer risk but
no association with ovarian

Decreased breast cancer risk but
no association with ovarian

No increased risk

Delayed onset of breast cancer

Increased breast cancer risk but 9,10
no association with ovarian
cancer risk

Increased breast cancer risk but 11, 12
no association with ovarian
cancer risk

Decreased risk 9
Possible increased risk 13
Decreased risk 13
Protective effect 7,13
No protection 14
No increased risk 15
Inconclusive 16
Inconclusive 16
Delayed onset of breast cancer 17

put. Genetic counselors use these likelihood models to esti-
mate the probability of carrying a BRCA mutation in order
to help inform subsequent discussion regarding the role of
genetic testing. No specific risk level has been defined as
the right level at which to offer BRCA testing.

Health care professionals who use breast cancer risk
calculation models need to be familiar with the limitations,
strengths, and weaknesses of each model. Risk assessment
is not a static number and patient risk changes over time;
therefore, risk needs to be reassessed periodically.*

AssEssING OVARIAN CANCER Risk

Compared with breast cancer risk modeling, tools for pre-
dicting ovarian cancer risk are substantially more limited.
The algorithm for evaluating risk of ovarian cancer com-
bines an individual’s age and trends in CA-125 levels to
assess the likelihood that she has ovarian cancer at the
point of testing, but it does not predict future risk or the
likelihood of being a carrier of a BRCA mutation.*! Other
models, including ultrasonographic scoring systems and
tumor marker panels, are designed to assess malignancy
risk in a woman with a pelvic mass. Beyond population
statistics that describe the occurrence of ovarian cancer in
BRCA mutation carriers, no prospective modeling based on
biomarkers is available currently to provide individualized
assessment of short- or long-term risk of ovarian cancer
in high-risk women. The output of the BRCAPRO model
provides ovarian cancer risk estimates, subject to all the
limitations of computerized modeling.

GENETIC CONSULTATION

Genetic consultation and testing are currently mainstream
components of a multidisciplinary, individualized medical
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evaluation aimed at identification of individuals at risk for
hereditary breast cancer syndromes. The US Preventive
Services Task Force guideline on genetic risk assessment
and BRCA mutation testing strongly recommends referral
of high-risk individuals for genetic counseling. Programs
that provide expertise in clinical genetics are important
because BRCA testing has major medical, psychological,
ethical, legal, and social implications,*? in addition to the
consideration of its relevance to potentially numerous fam-
ily members.

Genetic counselors are trained in the collection of family
history and the use of models that quantify an individual’s
risk of a BRCA mutation. They provide pretesting educa-
tion about possible outcomes of testing, the implications
of both positive and negative test results for the person’s
health care and for her relatives, and the risks and limita-
tions of testing. Genetic counselors can determine whether
a person is predisposed to other hereditary gene syndromes
and provide counseling on appropriate genetic testing as-
sociated with specific syndromes. They aid women with
the insurance approval process, if necessary, and arrange
for collection and submission of the blood sample to Myr-
iad Genetics, Salt Lake City, UT (the only laboratory that
provides clinical BRCA testing in the United States at this
time). Complete testing (sequencing plus testing for large
gene rearrangements in BRCAI and BRCA2) currently
costs around $4000. A list of specialized genetic counsel-
ors is available through the National Society of Genetic
Counselors (http://www.nsgc.org/resourcelink.cfm).*

Referral to a genetic counselor is recommended for
individuals in whom breast cancer developed before age
40 years and those with a strong family history of breast
or ovarian cancer® (Table 1). Genetic counselors can help
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ROLE OF BRCA MUTATIONS AND HEREDITY IN CANCER

TABLE 3. Features Unique to BRCA1 Carriers vs BRCA2 Carriers?

Mutation Onset of breast cancer Onset of ovarian cancer

Tumor features Other associated malignancies (RR)"

BRCAI Risk begins to increase
considerably by age 40 y

Risk begins to increase by

risk by age 40 y
BRCA2 Risk begins to increase Risk begins to increase by
considerably by age 45 y

risk by age 50y

age 36-39 y, with a 2%-3%

age 44-46 'y, with a 2%-3%

High grade, ER negative, PR
negative, HER2/neu negative,
basal phenotype

High grade, ER positive, PR
positive, HER2/neu negative,
luminal phenotype

Pancreatic (2.3), prostate (1.8),
fallopian tubes (120)

Pancreatic (3.5), prostate (4.6),
fallopian tubes (120), male
breast cancer (cumulative
probability to age 70y, 6%)

?ER = estrogen receptor; HER2/neu = human epidermal growth factor receptor 2; PR = progesterone receptor; RR = relative risk.

b Data from references 1, 8, 21, and 22.

identify the individual in a family for whom genetic testing
is most likely to be informative for family members. Gen-
erally, this person is the youngest living, affected, and will-
ing family member. It is paramount that women are coun-
seled that a BRCA test is a predictive test and, although it
provides information regarding the likelihood of breast or
ovarian cancer, it is not a diagnostic test and does not con-
firm that a woman will have breast or ovarian cancer. Simi-
larly, a negative result does not guarantee that an individual
will not have breast cancer, either due to sporadic causes or
other, as yet undefined, genetic factors.

Beyond the associated health care fees, the risks of ge-
netic counseling are minimal. In contrast, genetic testing
has known risks, as well as benefits. Genetic testing offers
the following benefits: identification of high-risk individu-
als who will benefit from the initiation of recommended
cancer risk management; identification of noncarriers in
families with a known mutation, who do not need to have
rigorous cancer screening and would be considered at
“general population risk”; education in early detection and
prevention strategies; and perhaps relief of anxiety through
increasing the understanding of medical options. However,
it also has its risks and limitations, including its inability to
detect all mutations, the continued risk of sporadic cancer,
the unproven efficacy of some interventions, and the pos-
sibility of psychosocial or economic harm.

In 2008, the Genetic Information Nondiscrimination
Act was signed into law by President George W. Bush.*
Genetic counselors can inform patients about this law,
which provides protection against discrimination in health
insurance underwriting decisions based on genetic infor-
mation. This protection includes group and individual
health insurance and employment practices but does not
cover life, disability, or long-term—care insurance and other
forms of insurance. The act appears to exclude individuals
with health care coverage through the US military, Veter-
ans Affairs, and Indian Health Service because the laws
amended by the Genetic Information Nondiscrimination
Act do not apply to these groups. Also, persons enrolled
in health insurance plans with fewer than 15 members may
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not be covered. Some states have even stronger protections,
which can be addressed with the genetic specialist when
indicated.

MANAGEMENT OPTIONS

SURVEILLANCE

Breast Cancer. Early detection of breast cancer includes
the combination of monthly breast self-examination be-
ginning at age 18 years; annual or semiannual clinical
breast examination (CBE) by a health care professional;
annual mammography beginning at ages 25 and 30 years
for BRCA mutation carriers, when breast cancer risk begins
to increase; and annual breast magnetic resonance imaging
(MRI) beginning at age 30 years.?'* It is generally recom-
mended that annual screening mammography begin 5 to 10
years earlier than the youngest age at which breast cancer
was diagnosed in a first-degree relative or at age 25 years,
whichever comes first. The benefit of CBE performed by
a health care professional has recently been debated for
BRCA carriers; few data show that it adds substantially to
cancer detection rates.* However, CBE was reassuring to
women and provided an opportunity for them to connect
with their health care professional.®® BRCA carriers also
were more likely to conduct breast self-examination, and
CBE gave women an increased sense of control.

Digital mammography has been shown to be more ac-
curate than film screen mammography in younger women
with dense breast tissue for the detection of breast can-
cer and is recommended for this population at very high
risk.’” Although mammography is the only imaging study
to date that has shown a decrease in breast cancer mortali-
ty rate of 16%, concerns have been raised about the safety
and efficacy of exposure to ionizing radiation when initi-
ating mammographic screening as young as 25 years.?*3
A study assessing the estimated risk of radiation-induced
breast cancer from mammographic screening for young
BRCA mutation carriers vs the reduction in breast cancer
mortality rate showed no net benefit from annual mam-
mographic screening of BRCA mutation carriers aged 25
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to 29 years. The net benefit improved slightly at age 30 to
34 years.*

Breast MRI has been shown to increase the sensitivity
of malignancy detection to about 80%, whereas mammog-
raphy sensitivity is estimated to be about 33% in women
with a familial or genetic predisposition.*** A prospec-
tive cohort study evaluating multimodality screening of
high-risk women reported that the addition of MRI to
mammography had greater potential to detect additional
mammographically occult cancers than whole-breast ul-
trasonography and digital mammography.* Screening with
whole-breast ultrasonography had the lowest sensitivity
and biopsy yield, and digital mammography was not found
to be a sensitive alternative to MRI in that study. An addi-
tional advantage of MRI is the lack of radiation exposure.

Screening guidelines are available from numerous or-
ganizations, including the National Comprehensive Can-
cer Network, the American Cancer Society (Table 4), and
the US Preventive Services Task Force. Experts generally
agree that intensive screening for breast cancer and ovar-
ian cancer is necessary for high-risk individuals and BRCA
carriers—yet, uncertainty surrounds the efficacy of surveil-
lance—and that most cancers found among BRCA carriers
are interval cancers (ie, malignancies detected in an inter-
val between screening examinations).?!:354346

Breast cancer surveillance offers a number of advantag-
es: it is noninvasive, has no long-term adverse effects, does
not interfere with childbearing, and leaves other options
open. In addition, MRI of the breast has about 80% sensi-
tivity for malignancy detection. However, MRI surveillance
also has its limitations: it does not prevent breast cancer and
has not been proven to reduce breast cancer—related death
in BRCA mutation carriers; its efficacy in BRCA carriers is
not as clearly documented as in the general population; the
risk of false-positive results with breast MRI screening can
lead to additional imaging or biopsies, or both, and associ-
ated anxiety may result from the additional follow-up; and
testing is costly.

Ovarian Cancer. Ovarian cancer surveillance for
BRCA mutation carriers includes screening with annual or
semiannual transvaginal pelvic ultrasonography with Dop-
pler imaging beginning at age 35 years or at 5 to 10 years
younger than the age at earliest ovarian cancer diagnosis in
the family, along with CA-125 testing.*” Unfortunately, no
evidence shows reduction in ovarian cancer—related death
with pelvic ultrasonography and CA-125 screening in these
high-risk women. However, these surveillance strategies
continue to be recommended for early cancer detection in
BRCA mutation carriers who have not yet had their ova-
ries removed. A prospective nonrandomized investigation,
sponsored by the Gynecologic Oncology Group, aims to
document the net health effects of risk-reducing salpingo-
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TABLE 4. Recommendations of the American Cancer Society for
Breast Cancer Screening of Women at Very High Risk

Annual screening mammography in conjunction with magnetic resonance
imaging of the breast, beginning at age 30 y for women with 1 of the
following characteristics:

>20%-25% lifetime risk (family history—based models)
BRCA mutation carrier

Prior chest wall irradiation

Relative with a known BRCA mutation

Data from reference 35.

oophorectomy (RRSO) vs twice-yearly screening in high-
risk women.*® Importantly, this study includes multisystem
outcome measures, such as osteoporosis, cardiac disease,
medication use, and psychometric assessments, in addition
to cancer-specific outcomes. The screening option uses
a stepwise algorithm based on CA-125 levels over time;
ultrasonographic screening and a 5-year follow-up period
will be completed in November 2011.

Ovarian cancer surveillance with use of ultrasonogra-
phy and CA-125 testing has the following advantages: it
is noninvasive, causes limited disruption of normal activ-
ity, and preserves fertility and native hormone physiology.
Disadvantages of the surveillance include frequent false-
positive results, increased anxiety due to screening in ap-
proximately one-third of women,*# examination discom-
fort, cost over time, and lack of evidence that it improves
clinical outcomes or saves lives.

CHEMOPREVENTION

Tamoxifen and raloxifene, selective estrogen receptor
modulators approved for breast cancer risk reduction, are
generally prescribed for 5 years, and their role beyond this
time frame is unknown. Results from a large North Ameri-
can prevention trial comparing tamoxifen with raloxifene
in high-risk postmenopausal women showed a 50% re-
duction in invasive breast cancer with both treatments.*
Chemoprevention trials and the updated results of the
Study of Tamoxifen and Raloxifene have also shown that
these 2 medications are good preventive options for wom-
en at moderately high risk.’'? However, in BRCA carriers
specifically, the effectiveness is unclear. Results of 1 small
study suggested that tamoxifen might reduce breast cancer
risk in BRCA2 mutation carriers but not BRCA[ carriers.'”>
In another study of women with BRCA] and BRCA2 mu-
tations, tamoxifen reduced the risk of contralateral breast
cancer, and its protective effect seemed independent of that
of RRSO.3 Debate is long standing about the benefit of
tamoxifen in BRCAI carriers, given the predominance of
estrogen receptor—negative disease. Furthermore, no data
are available on the efficacy of raloxifene for breast cancer
risk reduction among BRCA carriers.™ A large prevention
study in Italy, the Aromasin Prevention Trial, is under way
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ROLE OF BRCA MUTATIONS AND HEREDITY IN CANCER

in BRCA carriers, comparing exemestane vs placebo, and
its primary end point is disease-free survival at 7 years.*®

Ongoing molecular biology research has led to improved
understanding of estrogen-independent signaling pathways,
as well as the complexity of mammary tumorigenesis.
This knowledge is paramount in the development of novel
agents that can target nonendocrine pathways, cellular pro-
liferation, and tumor progression. Other agents under in-
vestigation include cyclooxygenase-2 inhibitors, tyrosine
kinase inhibitors, poly (adenosine diphosphate-ribose)
polymerase inhibitors, DL-a-difluoromethylornithine, and
nonsteroidal anti-inflammatory drugs. Clinical trials and
development of targeted preventive and therapeutic regi-
mens are needed in the care of BRCA carriers, given their
unique molecular biology."’

Benefits of chemoprevention are that it may reduce
the risk of estrogen receptor—positive breast cancer and
may prevent osteoporosis. Limitations are that it does
not eliminate risk of cancer, and data on its use in BRCA
carriers are limited. Furthermore, adverse risks include
thromboembolic events, interference with childbearing
(during the years of use), and endometrial cancer risk
(with tamoxifen use).>®

Use of oral contraceptives (OCs) is associated with a re-
duction in ovarian cancer risk of 40% to 50% after 3 years’
cumulative use.!** Long-term use of OCs has been associ-
ated with a slight increase in risk of breast cancer among
BRCA I mutation carriers; however, there is no measurable
increased risk of breast cancer with OC use (in other high-
risk women) of 5 or fewer years.®!

Advantages of chemoprevention of ovarian cancer with
OC use are that it is well tolerated and inexpensive, does
not affect future fertility, and leaves other options open.
Disadvantages include the adverse effects of OCs, includ-
ing thromboembolic risk; the continued need to screen for
ovarian cancer®®; and the possible increased risk of breast
cancer with use exceeding 5 years.

SuraicAL Risk REDUCTION STRATEGIES

Bilateral prophylactic mastectomy (also known as risk-
reduction mastectonty) removes most, but not all, breast
tissue. This procedure has been shown to significantly re-
duce breast cancer risk in women with a family history of
breast cancer. Several studies have shown a 90% to 95%
reduction in breast cancer risk among BRCA carriers,*%
meaning that women with BRCA mutations can achieve a
level of breast cancer risk that is the same or lower than
that of the general population. The results from a recent
prospective cohort of BRCAI and BRCA2 mutation carriers
provided further confirmation of the known benefit of risk-
reducing mastectomy in lowering the risk of breast can-
cer.®® Two options are available: total (simple) mastectomy
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and subcutaneous mastectomy. Total mastectomy removes
slightly more breast tissue than subcutaneous mastectomy,
whereas the latter procedure preserves the nipple-areolar
complex. The absolute risk reduction after risk-reduction
mastectomy has not been clearly defined.

Bilateral prophylactic salpingo-oophorectomy (ie, RRSO)
involves removal of the ovaries and fallopian tubes. This out-
patient procedure is commonly performed laparoscopically
and the choice in favor of or against concomitant hysterec-
tomy must be individualized. It is associated with ovarian
cancer risk reduction of approximately 80% to 90%.% The
residual risk is due to development of primary peritoneal
carcinomatosis, which is pathologically indistinguishable
from ovarian carcinoma. In addition, it is associated with
a breast cancer risk reduction estimated at 40% to 50%
and breast cancer protection as high as 73% in BRCA2
mutation carriers when it is performed premenopausally
for women with no prior diagnosis of breast cancer.’” The
benefit diminishes when RRSO is performed closer to the
age of natural menopause. Investigators of a recent meta-
analysis hypothesize that the benefits of RRSO may differ
in accordance with the mutated gene (BRCAI vs BRCA2)
and the estrogen receptor status of subsequent breast can-
cers.%® Although RRSO has been characterized as the single
most therapeutically effective and cost-effective measure
for cancer risk reduction in BRCA mutation carriers,*®°
women should be reminded that a small risk of a perito-
neal carcinomatosis of about 0.2% per year persists after
RRSO.”' The recently published prospective cohort of
BRCAI and BRCA2 mutation carriers provided further
confirmation of the benefit of bilateral RRSO. Decreased
rates of breast cancer and ovarian cancer—specific mortal-
ity and all-cause mortality and decreased risk of ovarian
cancer and breast cancer were associated with the RRSO
procedure.®

No national consensus has been reached regarding the
ideal age for RRSO, but observational studies support ear-
lier onset of ovarian cancer in women with BRCAI muta-
tions than with BRCA2 mutations. We advise that women
with BRCA mutations be referred to a gynecologic oncolo-
gist to discuss RRSO options. Ideally, initial consultation
for a BRCAI mutation carrier should take place when the
woman approaches her mid-thirties. Referral to a gyneco-
logic oncologist can be delayed somewhat for a BRCA2
carrier until about her early forties.”

A disadvantage of RRSO is that it induces surgical
menopause and premature estrogen deficiency.”* Studies
have reported the possibility that, after RRSO, younger
women may safely take hormones to manage menopaus-
al symptoms and derive other estrogen-related benefits
through age 50 years, which is about the time of natural
menopause.*”> Some women may choose to have a hyster-
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ectomy at the time of the RRSO, which permits the use of
estrogen without progestins.

Recent studies raise a cautionary note about the global
health effects of premature estrogen deficiency, which may
increase the risk of cardiovascular disease, hyperlipidemia,
and the metabolic syndrome in women at high risk for he-
reditary breast cancer,’® as well as exacerbate menopausal
symptoms. In 1 study, the investigators observed that this
risk increased with younger age at RRSO and that there
was no increased risk of dementia when estrogen replace-
ment was delayed until the age of menopause.”” In con-
trast, increased risk of parkinsonism was documented in
the same study group, and the women who received estro-
gen replacement therapy were not protected against parkin-
sonism. Osteoporosis and fracture risk are a concern with
estrogen deficiency, and we recommend close monitor-
ing with dual-energy x-ray absorptiometry every 2 years.
If evidence of osteopenia or osteoporosis risk exists, then
bisphosphonate treatment may need to be initiated.

Several studies have assessed the effect of short-term
hormone replacement therapy on breast cancer risk after
RRSO. It has not been found to negate the protective effect
on subsequent breast cancer risk in BRCA carriers, and it
may even be associated with a decreased risk in this popu-
lation.”>”® Women should be informed of the risks associ-
ated with premature estrogen deficiency and the risks and
benefits of short-term estrogen replacement.”

The advantages of RRSO are as follows: it reduces risk
of ovarian cancer and breast cancer, decreases cancer-re-
lated anxiety, offers a 1-time action for long-term protec-
tion, and may detect occult carcinoma (early stage). Dis-
advantages of RRSO include surgical risk, residual risk of
peritoneal carcinoma, menopause induction with estrogen
deficiency-related health effects, impact on childbearing,
and a potential effect on body image and sexuality.

Many women are interested in cancer risk—-reduction
surgery before the recommended ages for RRSO. Bilateral
tubal ligation offers an interesting intermediate option for
BRCAI mutation carriers. Numerous retrospective stud-
ies document ovarian cancer risk reduction in women who
have undergone tubal ligation.®® A 2001 case-control study
of women with documented BRCA mutations showed that
bilateral tubal ligation in BRCAI carriers decreased the risk
of ovarian cancer (odds ratio, 0.37; P=.0003) and reported
a trend toward better protection with earlier ligation.** No
protection was evident in BRCA2 mutation carriers. Fur-
thermore, in BRCAI mutation carriers, the risk-reducing
effects of OC use and bilateral tubal ligation appear to be
additive, with an observed reduction of 72% in the occur-
rence of ovarian cancer. Although the mechanism by which
tubal ligation protects against ovarian cancer is unknown,
the procedure may be a surrogate for or somehow corre-
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lated with the fertility reduction that has been observed in
a subset of BRCAI carriers.®!

CosT-EFFECTIVENESS OF PREVENTIVE STRATEGIES

In 2006, investigators used Markov modeling to simulate
the cost-effectiveness of the preventive strategies available
to BRCAI and BRCA2 mutation carriers.”’ The women in-
cluded in this decision analysis were aged between 35 and
50 years. The model showed that the most cost-effective
strategies were RRSO alone or with mastectomy com-
pared with surveillance in the clinical setting of genetic
risk. This model also showed that mastectomy had a more
favorable cost-effectiveness profile as women became
older and for BRCA?2 carriers. Study limitations included
the accuracy of a computer model in predicting real-life
situations and personal values shared by women having
to make decisions about surgical vs nonsurgical options.
The surveillance option used in this model included an-
nual mammography, CBE, semiannual pelvic examina-
tions, ultrasonography, and CA-125 studies. However,
since 2006, the surveillance option has included annual
breast MRI in conjunction with annual mammography in
accordance with the American Cancer Society recommen-
dations (Table 4).7

PsycHoLoGICAL CONSIDERATIONS OF SURGICAL INTERVENTIONS
Although RRSO is associated with temporary surgical
adverse effects, most women recover baseline function-
ing within 1 year.” Time provided for counseling regard-
ing menopausal health risks and use of hormone therapy
is critical. Health care professionals may find it helpful to
refer women considering RRSO to a breast specialist or
gynecologic oncologist, or both, for a multidisciplinary as-
sessment, given the health care movement toward person-
alized medicine.

A study by Frost et al® reported that 74% of women
had decreased emotional concern after risk-reduction
surgery and favorable psychological and social outcome.
Further, long-term satisfaction was greater when the pa-
tient, not the physician, initiated discussion of risk-reduc-
tion breast surgery.®? Another study reported no anxiety or
depression and no negative effects on quality of life after
surgery, but 48% of women reported feeling less sexually
attractive.’

The most frequent reason for reoperation rates after
risk-reduction mastectomy was concern over implants (eg,
failure, aesthetic issues, silicone anxiety). Not surprisingly,
reoperation was associated with less satisfaction about the
decision to have risk-reduction mastectomy.®*> The reop-
eration rate was greater after subcutaneous mastectomy
and reconstruction than after simple mastectomy and
reconstruction (43% vs 15%; P<.001).
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DEecisioN TooL FOR ASSESSING SURGICAL STRATEGIES VS
SURVEILLANCE

A computer simulation model to estimate survival prob-
ability and causes of death in women with BRCA mutations
can be used to assist patients and health care professionals
regarding management options.?> The model was designed
by compiling available data from the medical literature for
a 25-year-old woman with a BRCAI or BRCA2 mutation
and calculating survival probability and cause of death to
age 70 and 80 years. The model assumes the following
clinically relevant situations: (1) no intervention, (2) annual
mammography plus MRI from ages 25 to 69 years with-
out surgery, (3) screening plus prophylactic mastectomy at
age 40 years, and (4) screening plus prophylactic RRSO at
age 40 years. This decision analysis includes illustrative bar
graphs and survival probability curves and tables depicting
advantages associated with surgical vs nonsurgical options.
Overall, the decision tool represents an important advance
in guiding treatment choices, given that a randomized trial
is unlikely to be designed that could compare survival ben-
efit in this very-high-risk population. In summary, prophy-
lactic RRSO at age 40 years, plus prophylactic mastectomy
at age 25 years, was the most effective management strategy
for BRCAI carriers, resulting in substantial improvement in
survival compared with no intervention (79% vs 53%). This
improvement differed for BRCA2 carriers, in whom the ab-
solute increase in survival was smaller (83% vs 71%). Inter-
estingly, the option of mammography plus MRI screening
offered a survival probability similar to that of prophylactic
mastectomy in the presence of prophylactic RRSO at age
40 years.

CONCLUSION

Breast health specialists, genetic counselors, gynecologic
oncologists, and primary health care physicians all have an
important role in discussing risk-reduction strategies with
women at very high risk of breast and ovarian cancer. Eval-
uating patient risk factors and obtaining a comprehensive
family history are important steps in assessing breast and
ovarian cancer risks. Genetic testing can identify individu-
als at very high risk for hereditary breast and ovarian can-
cer. Evidence is accumulating, and efficacy data are cur-
rently available for some, but not all, medical interventions
for BRCAI and BRCA2 mutation carriers. A coordinated
team effort can provide a supportive environment and per-
sonalized approach for patients facing difficult surgical vs
nonsurgical decisions related to management of hereditary
breast and ovarian cancer. However, newer information
on the risks associated with early RRSO may provide the
impetus for development of models that predict individual
risk on the basis of the assessment of multiple traits.
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