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Breast cancer continues to be a major public health concern and cause of female mortality despite significant advancements in prevention
methods. Surprisingly, regardless of the abundance of evidence supporting other methods of prevention, twice as many women are choosing
bilateral mastectomy. Several trials have investigated the efficacy of removing healthy breast tissue to prevent cancer development and
recurrence, yet such procedures remain controversial. Breast cancer recurrence, disease-free survival, cost-effectiveness, and quality of life post-
surgery are critical components of a patient’s decision to undergo prophylactic bilateral mastectomy. Selection of an appropriate prevention
method requires an accurate and complete understanding of each available option. Here we review the current evidence concerning the use
of bilateral mastectomy for breast cancer prevention, and compare the choice of undergoing the procedure to other less invasive prevention
methods such as chemoprevention, which remains the gold standard for breast cancer prevention.
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Introduction
Epidemiology

Breast cancer continues to be a major cause of female
mortality despite significant medical advances and increased
therapeutic options. There are over 3 million women with breast
cancer in the United States, with an additional 300,000 projected
to be diagnosed with the disease in 2016. Historically, breast
cancer incidence and prevalence trended upward for decades,
partly due to advances in diagnostic technology. In the 1980s
and 1990s, the incidence of breast cancer grew significantly
after the development of mammography screenings. However,
the incidence rates steadied in most subgroups of women by the
early 2000s. This stabilization is attributed to increased breast
cancer awareness paired with the ability of doctors to discover
less developed and thus more manageable breast malignancies
through improved screening techniques.

Risk factors for breast cancer include age, heredity, and race.
The risk for breast cancer increases with age, regardless of race,
with the median age at time of diagnosis being 61 years old. [1]
Breast cancer is more common in Caucasian women followed
by African American women. However, mortality due to breast
cancer is higher in African American women. The overall 5-year
relative survival rate for localized, non-invasive breast cancer
in all races is 99%. This survival rate declines as the cancer
metastasizes. The 5-year survival rate for African American and
comparable white women with invasive breast cancer is 17%
and 27%, respectively. [1].

Increase in breast cancer awareness and the findings of the
Women’s Health Initiative impacted mortality from the disease
in the early 21st century. The Women’s Health Initiative was a
randomized placebo-controlled trial aimed at reducing heart
disease, breast cancer and colorectal cancer in post-menopausal
women that were treated with estrogen and progesterone.
Complications in the treatment group led to the early termination
of the trial. Notably, researchers saw an increase in breast cancer
and cardiac complications in the treatment group relative to the
placebo group. The reported complications consisted of heart
disease, stroke, pulmonary embolism, and invasive breast cancer.
[2,3] The findings from this trial sparked an interest in breast
cancer education and the development of efficacious prevention
and treatment methods.

Classification of Breast Cancer

There are two main classification of breast cancer as
differentiated by location: in situ carcinoma and invasive
carcinoma. In situ carcinoma is confined to a location usually
within a duct or lobule in the breast. In contrast, invasive
carcinoma spreads beyond the duct or lobule into the breast
tissue and has the ability to spread to other areas of the body.
In situ carcinoma is further classified as either ductal carcinoma
in situ (DCIS) or lobular carcinoma in situ (LCIS). DCIS, also
known as intraductal carcinoma, is an abnormal, often clinically
detectable growth of cells confined to the breast duct without
invasion of the surrounding tissue. DCIS is rare in women less
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than 30 years of age and is generally diagnosed around the time
of menopause [4]. LCIS is an abnormal growth of cells in the
secretory glands (lobules) of the breast and is classified as either
“classic” or “pleomorphic.” Classic lobular carcinoma involves
less than four lobular ductal units while pleomorphic lobular
carcinoma represents a more aggressive variant and is more
likely to advance to invasive carcinoma. Unlike DCIS, lobular
tumors are often not physically detected and are typically a
secondary finding during a breast examination [5]. Both types
of in situ carcinoma increase the risk for invasive carcinoma [6].

Invasive breast cancer is designated once the disease
spreads beyond the epithelial tissue. Severity is then staged
using the TNM system. Staging criteria is based on the size of the
tumor (T), involvement of lymph node (N) in tumor progression
and metastatic status (M). Stage 0 refers to non-invasive cancers
such as DCIS and lobular carcinoma. Stages 1-4 are invasive
cancers with stage 4 being the most advanced disease. Patients
with stage 4 breast cancer have metastatic tumors and thus have
the least favorable prognosis.

Breast Cancer Subtypes

The molecular characteristics of a breast tumor usually
inform the choice of the most effective treatment. There are four
molecular subtypes: Luminal A, Luminal B, Triple Negative, and
HER-2 enriched (Table 1). These subtypes are defined by the
presence (HR+) or absence (HR-) of hormone receptors (HR) as
well as excessive (HER2+) or normal (HER2-) levels of human
epidermal growth factor receptor 2 (HER2). Hormone receptors
may be activated by estrogen, progesterone, or both. Luminal
A is distinguished as hormone receptor positive and HER2
negative (HR+/HER2-) [7]. This molecular subtype tends to be
slowing growing and less aggressive. Luminal B (HR+/HER2+),
also known as triple positive, tends to be more aggressive than
luminal A [8]. Triple negative (HR-/HER2-) breast cancer exists
when cancer cells are negative for both estrogen receptors (ER)
and progesterone receptors (PR) and do not have excess HER2.
This subtype tends to grow and spread rapidly. HER2-enriched
(HR-/HER2+) is also an aggressive form of breast cancer [9].

Table 1: Molecular Subtypes of Breast Cancer.

Luminal A | Luminal B Erf:‘ftl:}lzed szgiaptlise
HR + N ) -
HER2 ; N . -
Prognosis T 1 1 m

Patients with triple negative and HERZ2-enriched breast
cancer have a poor prognosis and more limited treatment
options than those with Luminal A or B carcinoma. The presence
of a HR protein suggests a favorable prognosis when treated
with hormone therapy. Depleting estrogen and/or progesterone
or inhibiting their action suppresses HR activity and slows
tumor progression. However, this anti-hormone approach
provides little to no success for diseases lacking the hormone

receptor. Excessive HER2 protein, such as in HER2 enriched
patients, indicates a disease that will respond to tyrosine kinase
inhibitors that specifically target HER2. Although HER2 enriched
breast cancer still carries a poor prognosis, advancements in
HER2 targeted therapies are promising [10,11]. Unlike HER2
and HR positive tumors, there are no targeted therapies against
triple negative breast cancers with chemotherapy being the only
choice (Table 1).

In addition to molecular subtypes, genetic mutations can
influence the incidence and prognosis of breast cancer. The most
clinically meaningful genetic mutations with regards to breast
cancer to date are BRCA1 and BRCA2. These are considered
susceptibility genes because these mutations alone do not cause
patients to develop the disease. Rather, carcinoma in these
patients results from a combination of genetic and epigenetic
factors, such as exposure to carcinogens. While genetic testing
to screen for BRCA mutations is available, its role in clinical
decision making remains controversial. Patients with either
BRCA1 or BRCAZ gene mutations have a significantly higher
risk of developing breast cancer, 57%-65% and 45%-55%,
respectively [12]. Despite the uncertainty behind the medical
applicability of genetic testing, many patients with BRCA1/2
gene mutations consider prophylactic surgery a key preventive
modality.

Risk Factors

In order to improve mortality associated with breast cancer,
it is imperative to understand the risks associated with its
development. To assess the risk of developing breast cancer
from benign or non-cancerous breast masses, lesions may be
classified into one of three categories. Non-proliferative lesions
represent the lowest chance of developing cancer. Masses in
this category cause breast tissue overgrowth but do not always
increase the risk of breast cancer. Examples of conditions
associated with non-proliferative lesions include simple cysts,
adenosis, fat necrosis, and other benign tumors. Proliferative
lesions without atypia (structural abnormality), however, cause
an increase in tissue development in the ducts and lobules
therefore increasing the risk of breast cancer. Examples of
proliferative lesions include ductal hyperplasia, fibroadenoma,
and several papillomas. Lastly, proliferative lesions with atypia
cause an excessive growth of tissue in the ducts and lobules. This
is distinguished from conditions without atypia by the presence
of abnormal structures capable of differentiating into cancerous
tissue. Such conditions include atypical ductal hyperplasia and
atypical lobular hyperplasia.

Multiple risk factors have been implicated in the development
of breast cancer. Non-modifiable risk factors include gender, age,
race and ethnicity, inherited genes, family or personal history
of breast cancer, breast tissue density, and radiation exposure.
Of these, the principal risk factors are female gender and age.
Because exposure to estrogen and progesterone is significantly
greater in females, women are 100 times more likely to develop
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breast cancer than men [13]. Furthermore, the greater life-time
exposure to estrogen and progesterone in women appears to
contribute to the development of breast cancer. This is supported
by the increased incidence of breast cancer in post-menopausal
women (especially those who enter menopause after age 55)
and women who begin menstruating before age twelve. Also,
most invasive breast cancers are found in postmenopausal
women over the age of 55 [14]. In addition to age and sex,
women with a family history of breast cancer, particularly a first-
degree relative, are at a higher risk of breast cancer development
[15]. Studies have shown that women with a personal history of
breast cancer in one breast are at an increased risk of developing
cancer in the second breast [15]. This type of breast cancer is
referred to as contralateral breast cancer, and indicates a second
primary tumor. Primary breast cancer risk is also increased by
inherited genes responsible for yielding dense breast tissue.
Women with dense breasts (more glandular and fibrous tissue
than fatty tissue) are two times more likely to develop breast
cancer. Furthermore, mammograms are less accurate with dense
breast tissue, which may result in false negative screenings and
delayed treatment [16]. Radiation has also been linked to breast
cancer development, though its impact is likely dependent on
age. Chest X-rays in adolescents causes increased risk, especially
if received during puberty/breast development. However, after
the age of 40, radiation does not appear to affect the risk of
breast cancer. Interestingly, concurrent use of chemotherapy and
radiation reduces the risk of developing breast cancer, possibly
due to a chemotherapy-induced reduction in ovarian hormones
[17].

Modifiable risk factors for breast cancer include alcohol
consumption, obesity and physical inactivity, number of
children, birth control use, and post-menopausal hormone
therapy. Alcohol consumption is directly correlated with an
increased risk. Women who consume 2 to 5 drinks per day are
at 1.5 time’s greater risk than those who consume one drink
per day [18]. Obesity is a more complex risk factor than alcohol
consumption. After menopause, fat tissue begins to produce
estrogen to compensate for loss of optimally functioning ovaries.
Increased adiposity in obese postmenopausal women causes
increased estrogen levels, which increases the risk of breast
cancer. This risk varies depending on various factors such as age
of weight gain and location of the excess fat. Obese patients also
have increased insulin levels, which has been linked to breast
cancer [19].

Another modifiable risk factor is parity. A reduced risk has
been seen in women who have multiple pregnancies and who
give birth at a younger age. Furthermore, oral contraceptive
therapy slightly increases risk, possibly due to increased life-time
hormone exposure. Notably, after ten years, the risk of breast
cancer in women who stopped using oral contraceptives was
comparable to those who had never used oral contraceptives.
Similarly, the risk of breast cancer development with injectable
contraceptives returned to baseline 5 years after discontinuation

[20]. Other reversible risk factors include hormone replacement
therapy (HRT).HRTisindicated forreliefof menopause symptoms
and as adjunctive therapy for prevention of osteoporosis in
post-menopausal women. Estrogen therapy alone has shown
no increase in risk when used short-term. However, some
studies have shown an increase in breast and ovarian cancer
after 10 years of estrogen therapy alone. Combined hormone
replacement therapy consists of progesterone and estrogen and
has also been shown to increase the risk of breast cancer [21]. As
with other hormone therapies, the risk of breast cancer usually
drops to that of the general population after discontinuation of
hormone replacement therapy [22].

The decision to undergo preventative therapy for breast
cancer typically depends on individual patient risk. The National
Cancer Institute (NCI) Breast Cancer Risk Assessment Tool is
often used to approximate the risk of developing invasive breast
cancer within the next 5 years and for a lifetime (max 90 years
of age). The factors used to calculate risk are listed in Table 2.
Women with a 5-year risk score of 1.67 percent or higher are
considered at “high risk”. This tool was adapted from the “Gail
Model” which was the first valid risk assessment developed for
Caucasian women. The newer model adjusts for race/ethnicity
to include African American and Pacific Islanders. The NCI
Breast Cancer Risk Assessment Tool is the most commonly
used tool used to determine individual breast cancer risk,
however, limitations exist. Scoring was developed exclusively
for invasive breast cancer and the determining risk factors are
not all-inclusive [23]. There are additional surveys that are
more appropriate for women with certain medical conditions.
For example, if a woman has the BRCA1/2 gene mutation,
the BOADICEA model would be the most appropriate tool.
In addition, if a woman has a history of LCIS, the IBIS Breast
Cancer Risk Evaluation tool would provide a more accurate risk
assessment for invasive breast cancer.

Table 2: Factors Used in NCI Risk Assessment Tool.

Age (= 35 years old),
History of DCIS or LCIS
BRCA1/2 mutation

Age of first menstrual cycle

Age at time of first birth

Family history of breast cancer

Number of breast biopsies

Presence of atypical hyperplasia

Race/ethnicity

Mastectomy

Regardless of the ability to control exposure to certain risk
factors, many women remain at high risk for developing breast
cancer. For some of these patients, the choice of a breast cancer
prevention method can be a life-or-death decision. Over the
last decade, prophylactic bilateral mastectomy has become a
common method for breast cancer prevention, as it provides
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a reliable modality for limiting breast cancer development. A
unilateral mastectomy, removal of one breast, is also used but
this procedure does not lower the risk of cancer in the remaining
breast. Several mastectomy subtypes with varying degrees
of tissue removal have been defined including total (simple)
mastectomy, radical mastectomy, modified radical mastectomy,
nipple-sparing mastectomy, and partial mastectomy. The most
commonly performed procedure is the total mastectomy which
involves complete removal of the breast tissue in one or both
breasts. The underlying muscle and lymph nodes remain intact
with this type of mastectomy unless a lymph node exists within
the breast tissue. This is the standard procedure for prophylaxis
and women with large areas of DCIS. In contrast, a radical
mastectomy is the most extensive surgery. It involves complete
removal of the breast tissue, eradication of the lymph nodes
located adjacent to the breast, and extraction of the underlying
muscle (pectoralis major). Radical mastectomies are usually
reserved for patients with cancer that has metastasized to the
pectoralis major. A modified-radical mastectomy removes all
breast tissue and axillary lymph nodes while the pectoralis
major remains untouched. The modified radical mastectomy
has largely replaced the radical mastectomy because similar
therapeutic outcomes were observed with both procedures. A
nipple-sparing mastectomy is a variant of total mastectomy that
preserves the nipple/areola and breast skin. Lastly, a partial

mastectomy, also called breast conservation surgery, removes
only the tumor and surrounding tissue. A lumpectomy is similar
to a partial mastectomy, but the amount of surrounding tissue
removed is greater in partial mastectomy. Although tissue
sparing techniques are attractive options for many patients,
some women may not be candidates for partial removal [24].

Current trends in prophylactic bilateral mastectomy

Prophylactic bilateral mastectomy is an approved treatment
for breast cancer risk reduction in women and awareness of the
procedure has grown steadily in recent years. This heightened
awareness, greater access to genetic testing, and improvements
in reconstructive surgery options have made bilateral
mastectomy an increasingly popular choice among women at
risk of developing breast cancer. According to a retrospective
cohort study examining trends in mastectomy rates from
1998-2011 in America, six times as many patients are choosing
bilateral breast removal relative to the earlier time point
(Figure 1). The procedure was more likely to be chosen over
breast conservation surgery by women with advanced/invasive
disease, no insurance; government funded insurance and low
education level [25]. As the popularity of this procedure raises,
evidence supporting its efficacy, safety, and utility compared
to other available options is critical to appropriately educate

patients considering mastectomy for breast cancer prevention.
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Figure 1: Trends in US women with early stage (BC) breast cancer choosing mastectomy over breast conservation surgery (BCS) for breast
cancer prevention from 1998-2011(25).
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Efficacy of bilateral mastectomy in BRCA positive
patients

Various studies have demonstrated the efficacy of bilateral
mastectomy for the prevention of breast cancer in high risk
patients. The 2004 PROSE study, a prospective-retrospective
multicenter study including European and North American
women, that prophylactic mastectomy
significantly reduces the risk of breast cancer in BRCA1/2
mutation carriers [26]. Researchers used incidence density

found bilateral
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sampling to determine the benefit of bilateral mastectomy in
women with confirmed BRCA1 or BRCA2Z mutations. The test
group included BRCA positive women with no prior history of
breast cancer who underwent prophylactic bilateral mastectomy.
For each woman in the test group, at least one patient of similar
age, BRCA variance, and geographical location was assigned
to the control group if she had no history of breast cancer or
bilateral mastectomy on the date of the test subject’s surgery.
The researchers performed four analyses: all cases and controls,
cases and controls with no prior oophorectomy, all prospective
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cases and controls, and all prospective cases and controls with
no prior oophorectomy. In the largest analysis, breast cancer was
diagnosed in 48.7% of the 378 controls while only two cases were
detected in the test group after 6.7 and 5.5 years, respectively.
Of note, the two cases of breast cancer in the test group both
opted for a nipple sparing mastectomy, which leaves behind a
considerable amount of susceptible tissue and thus is not the
preferred method for surgical prevention. Of the prospective-
only analyses, no test subjects were diagnosed with breast
cancer after approximately 3 years of follow-up. The respective
control group was found to have a significantly higher incidence
of breast cancer though longer follow-up times may have yielded
less dramatic results. Nonetheless, the findings from the PROSE
study indicated a 90% risk reduction in the test group, making
it the first study to estimate the magnitude of benefit derived
from preventative bilateral mastectomy. The general findings
were consistent with a smaller study conducted by Heijboer
et al. [27] which also evaluated the risk of developing breast
cancer after prophylactic bilateral mastectomy in 139 women
with a BRCA mutation. The study had a shorter follow-up period
than the PROSE study and was completed at a single institution.
The results showed no cases of breast cancer in the 76 women
who had a bilateral mastectomy compared to 8 cases in the 63
women who were just actively monitored. The similar outcomes
of these two studies are especially impactful in determining risk-
management strategies for patients who are positive for BRCA
mutations. However, results may not be generalizable to patients
without those mutations.

Efficacy of bilateral mastectomy in high risk, BRCA
negative patients

Evidence for the efficacy of bilateral mastectomy exists in
patients with confirmed genetic predispositions, but studies
have also shown benefit in other high risk groups. A recent
study showed that BRCA negative, early breast cancer patients
who also have a family history of breast cancer are at a higher
risk for contralateral breast cancer [28]. The risk was higher in
patients with first degree family history as opposed to patients
with a second degree relative. Furthermore, those patients who
underwent total bilateral mastectomy for the prevention of
contralateral breast cancer had a slightly greater 20-year overall
survival and disease-free period. Overall 20-year absolute
disease free survival rate following mastectomy was highest
(12.59%) in breast cancer patients with a first degree relative
with bilateral breast cancer and lowest (0.93%) in patients with
no family history.

This considerable disparity in rate reduction indicates the
existence of other important genetic factors outside of BRCA
mutations. The study also found that age was an important
factor when considering the survival benefit of the operation
for early stage breast cancer patients. Women under the age of
40, regardless of family history, with either stage I or II breast
cancer saw the greatest benefit after undergoing bilateral

mastectomy even though they had unilateral breast cancer, a
procedure referred to as contralateral prophylactic mastectomy
(CPM). Contralateral prophylactic mastectomy was especially
unfavorable after 60 years old, and the procedure was less
beneficial as patient’s age and stage of disease development
increased.

Though many studies have shown an impressive reduction
in breast cancer recurrence, a meta-analysis of CPM after
unilateral breast cancer revealed that the operation had no
impact on absolute overall survival in patients with certain
high risk factors [29]. In the study, stratification of subgroups
by family/genetic risk showed improved relative risk but no
absolute risk reduction between overall survival and CPM
in patients with high genetic risk factors or family history.
However, the relative and absolute risk of contralateral breast
cancer incidence and distant recurrence was notably decreased
in these patients. The study notes that the risk of contralateral
recurrence of primary breast cancer is minute in the general
population, and overall survival improvements at large could be
attributed to confounding variables other than the procedure.
Without the surgery, an estimated 10% of unilateral breast
cancer patients without a BRCA mutation are projected to
develop a contralateral primary tumor. However, under the
same circumstances almost half of BRCA positive patients may
have a recurrence in the opposite breast. This would explain the
stronger impact the procedure has on genetically predisposed
patients and supports the recommendation that radical bilateral
mastectomy be reserved for unilateral breast cancer patients
with disease-susceptible mutations or a strong family history.
The results of another study spur skepticism in the necessity of
bilateral mastectomy regardless of genetic predisposition.

In 2002, the National Surgical Breast and Bowel Project
(NSBBP) published the results of a 20 year follow up of a
randomized clinical trial designed to compare survival rates
of 1,851 women after total mastectomy, lumpectomy, or
lumpectomy with irradiation for treatment of breast cancer [30].
The findings revealed no difference in overall survival, disease-
free survival, or distant disease-free survival among the three
treatment groups. This lack of survival benefit is consistent with
the trial’s 10 year findings as well as results from a 1995 study by
the Early Breast Cancer Trialists’ Collaborative Group (EBCTCG)
which determined no statistical difference in overall survival
between patients undergoing mastectomy vs breast conserving
surgery after 10 years [30,31]. Table 1 summarizes the findings
of various trials exploring the efficacy of mastectomy for breast
cancer prevention. No data was reported on patient satisfaction
or cost-effectiveness. As multiple studies have reported no
significant survival differences between prophylactic bilateral
mastectomy and other various prevention methods, future
studies should focus on differences in patient satisfaction and
quality of life, as these factors are likely important in shared
decision making (Table 3).
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Table 3: The cost of total mastectomy with chemoprevention, the monthly cost for various agents used to reduce the risk of breast cancer.

Study Population Results*** Median Follow Up
EBCTCG [31] Mastectomy vs BCS No difference in OS 10 years
Hartmann et al. [32] Family history n=639 1 BC Incidence: ~90% {BC Death Incidence: ~90% 14 years

PROSE Study Group [26] BRCA1 & BRCA2 n=289

5.7 years (Cases) 6.7

isk: 909
| BC Risk: 90% years (Controls)

*Meijers-Heijboer et al. [27] BRCA1 & BRCA2Z n=139 | BC Incidence: HR, 0 3 years
NSBBP [30] Mastectomy vs Lumpectomy | No difference in overall.survwal, dlseas.e—free survival, or 20 years
n=1,851 distant disease-free survival
Bedrosian [33] CPM** n=107,106 T Disease-Free Survival HR: 0.84 (age<50) HR: 0.79 (age 47 months

50-59) No difference (age>60)

Fayanju et al. [29]
CPM for UBC¥ n=14 studies

(Review & Meta-Analysis)

Full Analysis: T Overall Survival: 9% ! BC Mortality: 31%
Stratified Meta-Analysis: | Metachronous Contralateral

BC**** incidence only: >90%

Key:
*Prospective study

**CPM-Contralateral Prophylactic Mastectomy (Only total and
modified radial mastectomies included) ¥ Unilateral Breast Cancer.

***Findings — All findings listed were statistically significant.

**** A second malignancy diagnosed > 6 months after primary tumour,
located in a different area.

Risk of recurrence and survival outcomes

Although prophylactic bilateral mastectomy significantly
reduces the chance of developing breast cancer in certain patient
populations, prevention is never guaranteed. This is because
complete removal of susceptible glandular tissue is unattainable
even in radical mastectomies, due to deep tissue intermixtures
within the chest wall and axillary tail. [32-34]. As early as 1940,
studies have shown the presence of residual glandular tissue
after a total mastectomy [35]. In 2013, Griepsma et al. [36]
found glandular breast tissue at the resection plane in over 75%
of standard (mostly total) mastectomies. Based on his data, the
risk of residual tissue resulting in breast cancer recurrence post-
surgery after a total mastectomy may be as high as 1 in every
140 women. In previously diagnosed breast cancer patients, the
risk of recurrence may be increased by young age, large tumors,
nodal involvement, or additional unfavorable genetic mutations
[34]. Interestingly, although studies show significant reduction
in tumor recurrence after bilateral mastectomy in patients with
BRCA1/2 mutations, no impact has been observed on overall
mortality in patients with BRCA1/2 mutations. [27,29]. In
addition to breast cancer recurrence, patients, especially those
with BRCA mutations may still be at an increased risk for ovarian
cancer after a bilateral mastectomy. According to Domcheck et
al. [37] a woman'’s lifetime risk of developing ovarian cancer
was 36% - 63% for BRCA1 mutation carriers and 10% - 27% for
BRCAZ mutation carriers.

Patient Satisfaction

The risk of infection, pain, and bleeding abnormalities exists
after prophylactic mastectomy; however, common complications
of the procedure are relatively mild. Aside from the physical

toll, the experience may also have a substantial impact on a
woman’s mental health. After surgery, women often experience
psychological side effects such as depression due to reduced body
image satisfaction and loss of femininity. A swedish study found
that satisfaction among women that had undergone prophylactic
mastectomies followed by immediate breast reconstruction
ranged from 60 -74% [38]. Although the sample size of 24 was
relatively small, the majority of patients were in fact satisfied
with the breast reconstructive surgery overall. The most
common complaint concerned the nipple-areola complex, and
many subjects chose to undergo additional surgery. Preserving
the nipple-areola complex (NAC) may improve self-image and
sensation. Unfortunately, nipple-sparing mastectomy has been
shown to increase the risk of breast cancer recurrence, though
it may not effect overall survival [34]. A recent retrospective
study of nearly 160,000 women over a 17-year period found
no significant difference in survival between patients receiving
nipple-sparing mastectomy vs. non-nipple sparing mastectomy
in California [39]. This is consistent with previous studies that
found no improvement in survival among patients using various
surgical breast cancer prevention methods regardless of genetic
predisposition.

Even though many normal breast functions are lost even after
nipple sparing mastectomy, the lack of any long term survival
benefit with non-nipple sparing procedures may influence a
patient’s decision to preserve the NAC and possibly improve
psychological morbidity. Furthermore, advanced reconstructive
surgery accessibility may offer solutions to poor body image
without increasing future risk of recurrence. As of 1998, the
Women’s Health and Cancer Rights Act mandates the coverage of
reconstructive surgery following mastectomy if the mastectomy
was covered by the patient’s insurance plan. Under these
circumstances, coverage applies to any available reconstructive
method as deemed appropriate by the patient, including long
term modifications. The law provides the patient with more
control over the aesthetic outcome of the surgery, possibly
improving the likelihood of post-operative satisfaction. Benjamin
H.L. et al, found that women who underwent mastectomies
with reconstructive surgery had similar quality of life outcomes
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to patients choosing breast conservation surgery [40]. In this
cross-sectional cohort study, BREAST-Q questionnaires were
completed by women following breast conservation surgery,
total mastectomy with or without reconstructive surgery, and
women without breast cancer. The results showed that women
who underwent a total mastectomy with reconstruction and
women who underwent breast conservation surgery were
statistically more ‘satisfied with breast’ as opposed to women
who underwent a total mastectomy without reconstructive
surgery. Similar results were seen in the sexual well-being’
domain. While beneficial immediate reconstructive surgery
has been associated with a higher incidence of surgical site
infections, especially in diabetic patients [41,42]. Efforts should
be made to ensure all patients understand the risks and benefits
of less aggressive procedures and are aware of health insurance
plan benefits in terms of reconstructive surgery. Options for
post-mastectomy modifications, however, may be limited for
patients without medical insurance coverage.

Breast Cancer Chemoprevention

Patients reluctant to remove breast tissue may consider
pharmacological agents as an alternative prevention method.
Only two drugs are currently approved by the US Food and Drug
Administration (FDA) for chemoprevention of breast cancer:
tamoxifen and raloxifene. These drugs are selective estrogen
receptor modulators (SERMs) and are only used in high-risk
patients. Researchers are also exploring the use of aromatase
inhibitors, which are currently FDA approved for breast cancer
treatment only. Aromatase inhibitors have shown promising
results when used for breast cancer chemoprevention. Patients
and physicians must examine the efficacy and safety of these
agents when deciding if and when chemoprevention is a more
appropriate option than surgical prevention [43].

Selective Estrogen Receptor Modulators

Selective estrogen receptor modulators (SERMs) target
estrogen receptors in specific tissues. SERMs competitively
inhibit estrogen receptor (ER) activation but may have agonistic
estrogen effects in other areas of the body. The paradoxical effects
of SERMs may result from activity at both a- and [-estrogen
receptors which are thought to have contrasting functions based
on their distribution patterns in various tissues. It may also be
due to differential cellular expression of various coactivators or
corepressors that can modulate the interaction of the ER with
the ER dependent genes. Tamoxifen has anti-estrogenic effects
in breast tissue and estrogenic effects on the endometrium and
bone, whereas raloxifene has antiestrogenic effects in both breast
and endometrial tissue, but estrogenic effects on the bone. While
both agents are currently approved for breast cancer prevention,
each has an overlapping but distinct mechanism of action and
adverse effect profile.

Tamoxifen reduces the risk of estrogen receptor positive
(ER+) invasive and noninvasive breast cancers by approximately
50% in populations with various risk factors and has no activity
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against estrogen receptor negative cancers [44]. The anti-
cancer activity of tamoxifen is attributed to the reduction in the
expression of estrogen dependent genes. In addition, tamoxifen
also disrupts the cell cycle through actions in the nucleus. It
represses the expression of tumor inducers such as insulin-like
growth factor 1, and promotes expression of tumor suppressor
genes, such as transforming growth factor beta (TGF-beta) and
maspin. Maspin concentration is significantly higher in normal
breast cells when compared to cancer cells, and its activity may
be particularly important in reducing invasion and metastasis.
Tamoxifen is a cytostatic agent as it halts the cell cycle
progression [45].

Table 4: Cost of Breast Cancer Risk Reduction Medications.

Selective Estrogen

Aromatase Inhibitors*
Receptor Modulators

Drug Tamoxifen | Raloxifene | Anastrozole | Exemestane
Dose¥ 20mg 60mg 1mg 25mg
AWP” $113.64 $213.84 $572.84 $606.94

*Off-label indication.
¥Recommended daily dose for 5 years.

" AWP: Average Wholesale Price; generic medication; 30-day supply.

As a result of tamoxifen’s estrogenic activity in the
endometrium, uterine/endometrial cancer may develop with
use. The National Surgical Adjuvant Breast and Bowel Project
P-1 Study (NSABP P-1), a large randomized, placebo-controlled
trial concluded that patients using tamoxifen for breast cancer
prevention were two and a half times more likely to develop
endometrial cancer when compared to placebo [46]. The
incidence was higher in women over 50 years old, however
the benefits of tamoxifen therapy outweighs the risk. Other
notable adverse effects of tamoxifen include hot flashes, bone
marrow suppression, thromboembolic events, liver toxicity, and
cataracts. Tamoxifen carries two black box warnings to highlight
evidence showing increased risk of uterine or endometrial
cancer and life-threatening thromboembolic events such as
stroke and pulmonary emboli. It is also important to note that
recent studies suggest CYP2D6 polymorphisms may impact
treatment outcomes of tamoxifen therapy. Tamoxifen, a pro-
drug, is metabolized by CYP2D6 to a major active metabolite,
endoxifen. Low levels of endoxifen have failed to reduce breast
cancer recurrence whereas high concentrations were associated
with a 26% decrease, according to a large retrospective study
done by Women’s Healthy Eating and Living (WHEL) [47].
The WHEL study also revealed a strong association between
CYP2D6 variants and endoxifen levels. A previous study
reported significant reductions in recurrence-free survival and
endoxifen levels in patients with CYP2D6 polymorphisms being
treated with tamoxifen [48]. However, despite evidence showing
reduced efficacy in CYP2D6-poor metabolizer status, CYP2D6
genotyping prior to tamoxifen therapy has not been proven to
be an effective outcome predictor, especially when compared to
endoxifen blood levels [49]. Nonetheless, the Endocrinologic and
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Metabolic Drugs FDA Advisory Committee recommend including
a precaution for poor CYP2D6 metabolizers with tamoxifen
prescriptions. Such patients may be at an increased risk for
treatment failure and thus breast cancer recurrence (Table 4).

Raloxifene was FDA approval for breast cancer prevention in
2007. Raloxifene exhibits ER antagonist activity in both breast
and endometrial tissue while maintaining estrogenic activity
in bones. This altered estrogen receptor modulation drastically
reduces the incidence of uterine and endometrial cancers when
compared to tamoxifen while maintaining bone strength and
breast cancer prevention. These characteristics were highlighted
in the Multiple Outcomes for Raloxifene Evaluation (MORE) trial,
amulti-center randomized placebo-controlled trial that assessed
the ability of raloxifene to reduce the risk of in situ and invasive
breast cancer in post-menopausal women with osteoporosis.
The resulting data revealed a statistically significant 65% overall
risk reduction and a 90% risk reduction associated with ER+
cancers. [50].

The Study of Tamoxifen and Raloxifene (STAR) compared
the efficacy of tamoxifen and raloxifene for breast cancer
chemopreventionin postmenopausal women. While no difference
in efficacy was observed with short term use, long term follow-up
(7 years) of participants revealed tamoxifen to be superior with
a 50% reduction in breast cancer compared to a 38% reduction
with raloxifene. Expectedly, the difference in incidence of uterine
cancer was statistically significant. The annual incidence rate of
uterine cancer in the tamoxifen group was 2.25 per 1,000 patients
in comparison to the raloxifene group with 1.23 per 1,000
patients. Based on these annual incidence rates, participants
taking raloxifene were 38% less likely to develop uterine cancer,
though the difference in cumulative 7-year incidence rates was
not statistically significant. Additionally, the rates of uterine
hyperplasia and total hysterectomy during the study period
were reduced by 84% and 61%, respectively. There was no
difference in incidence of transient ischemic attacks, strokes,
severe angina, myocardial infarction, pulmonary embolism,
and DVT. Although differences in the risk of in situ carcinomas
such as LCIS and DCIS were not statistically significant in the
STAR trial, placebo-controlled studies have shown tamoxifen
to be superior at preventing in situ carcinomas. In addition to
the differing adverse effect profile of tamoxifen and raloxifene,
they also show markedly different efficacy in premenopausal
women. Raloxifene currently has little to no supportive evidence
for use in premenopausal women, while tamoxifen is the only
approved agent for breast cancer prevention in this population
[51]. Both drugs carry a black box warnings for an increased risk
of deep vein thrombosis and pulmonary embolism, and a risk of
death due to stroke. Although raloxifene is a category X while
tamoxifen is category D, the use of both agents is discouraged in
pregnancy. Raloxifene is also contraindicated in breast-feeding.
Such characteristics limit the use of these agents for patients
with a history of DVT, on concurrent warfarin therapy, currently
pregnant and/or nursing, or planning to become pregnant.
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Aromatase Inhibitors

Although aromatase inhibitors are FDA-approved for the
treatment of ER+ breast cancer, medications in this class are often
used off-label to reduce the risk of invasive breast cancer in post-
menopausal women [52]. Aromatase catalyzes the rate limiting
step in estrogen biosynthesis by converting androstenedione
and testosterone to estrone and estradiol, respectively.
Aromatase is over expressed in certain breast cancers, but is
also found in all cells that produce estrogen such as those of
the adrenal gland, gonads, prostate gland, adipose, skin, and
brain [53]. Aromatase inhibition is particularly important for
postmenopausal women as they depend on peripheral tissues
as a primary source for estrogen. Because these agents are more
active in extra-glandular sites, aromatase inhibitors are much
less efficacious in women with functioning ovaries. Inhibition of
aromatase suppresses proliferation of ER+ breast cancer cell by
depleting the tumor’s fuel source. Agents belonging to this class
of medications are categorized by chemical structure as either
steroidal (exemastane) or non-steroidal (letrozole, anastrazole).
Anastrozole and exemastane have proven efficacy in breast
cancer treatment and prevention, but the use of letrozole for
breast cancer prevention is unsupported.

Exemestane is an irreversible, steroidal aromatase inhibitor
which reduces plasma estrone, estradiol, and estrone sulfate
levels. Its steroidal structure allows tight binding to the active
site of aromatase to cause a near complete inhibition. The most
commonly reported adverse effects include moderate hot flashes,
fatigue, and depression as well as mild alopecia, anxiety, and
insomnia. Severe bone fractures and visual impairment has also
been reported [54]. To assess the use of exemestane for breast
cancer prevention, a randomized double-blinded, placebo-
controlled trial, Exemestane for Breast-Cancer Prevention in
Postmenopausal Women Trial (also known as MAP.3), compared
exemestane to a placebo over five years [52]. After 3 years,
exemastane reduced the annual relative incidence in invasive
breast cancer by 65%. The results of MAP.3 demonstrated the
use of exemestane to be a viable alternative to that of tamoxifen
and/or raloxifene for breast cancer prevention. No significant
differences were found in reports of osteoporosis, cardiac
events, or bone fractures when compared to placebo, suggesting
a more favorable side effect profile than that of SERMs.

Anastrozole is a competitive, non-steroidal inhibitor
of aromatase which only reduces serum estradiol, unlike
exemestane. Although it is the gold standard for ER+ early
breast cancer treatment, its use has not been FDA approved
for breast cancer prevention. Nevertheless, results from the
Arimidex (Anastrozole), Tamoxifen, Alone or in Combination
(ATAC) trial support its use in clinical practice [55]. The trial
compared the long term (5 year) efficacy of either anastrozole
or tamoxifen in preventing post-lumpectomy breast cancer
recurrence in postmenopausal women. Anastrozole was found
to be equally effective in reducing the incidence of ER+ breast

cancer recurrence, and patients using anastrozole were 53% less
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likely to develop contralateral disease compared to tamoxifen.
Furthermore, disease free survival (DFS) and time to recurrence
were both prolonged with the use of anastrozole. Adverse effects
such as gynecological abnormalities, vascular events, fractures,
and arthralgia were likewise lower in the anastrozole group.
Similar to exemestane, anastrozole may be a preferred therapy
to tamoxifen due to a mild adverse effect profile. An additional
trial that investigated the role of anastrozole in breast cancer
prevention was completed by the International Breast Cancer
Intervention Studies (IBIS-II Prevention trial) [56]. The double
blinded, randomized placebo-controlled trial assessed the
efficacy of anastrozole for breast cancer prevention in high-risk
post-menopausal women when taken once daily for 5 years.

Anastrozole participants were significantly less likely to
develop primary breast cancer compared to the general public
(placebo). Unfortunately, saw a significantly
increased incidence of vasomotor and musculoskeletal adverse

researchers
events including moderate arthralgia and joint stiffness.
However, no significant difference in thromboembolic events,
cerebrovascular events, or myocardial infarctions was seen
between groups. Both groups displayed decreased bone mineral
density (BMD) from baseline which poses a concern for women
at an increased risk for osteoporosis. To assess the need for
adjuvant bisphosphonate therapy, a BMD scan is recommended
prior to initiation of all aromatase inhibitors.

The adverse effects profile of exemestane and anastrozole
are different from those of SERMS and are also less severe.
The most common adverse effects are related to menopausal
symptoms which can be particularly troublesome for many
patients. Exemestane appears to have less effect on the bone
and vasculature while anastrozole displays less central nervous
system issues. Unlike SERMs, aromatase inhibitors lack a
black box warning. Though more evidence supports the use
of tamoxifen and raloxifene for breast cancer risk reduction,
aromatase inhibitors are generally utilized when tamoxifen or
raloxifene are contraindicated (i.e. thromboembolic events).
Currently, the duration of therapy is five years though there
is a lack of supporting clinical data. According to the NCCN
guidelines, there is no current evidence for use of aromatase
inhibitors in BRCA1/2 carriers.

Cost Comparison-Mastectomy, Surveillance, and

Chemoprevention

A cost-effective analysis focusing on direct medical costs for
early-stage, node negative, unilateral breast cancer patients was
conductedbyZendejasBetal.[57].Twocontralateralbreastcancer
strategies were compared: unilateral mastectomy followed by
surveillance and contralateral prophylactic mastectomy (CPM).
Cohorts were divided into age groups in intervals of five from 45
to 75 years of age. Each simulation consisted of 10,000 patients.
Cost parameters were obtained from the Nationwide Inpatient
Sample database and Medicare reimbursements, and costs
were adjusted to 2007 rates. Age at time of treatment played an

important role in cost-effectiveness. As age increased, the cost-
effectiveness of CPM decreased, becoming cost-ineffective at age
70. Lifetime cost (breast cancer related treatment until death)
for women at the age of 45 undergoing a CPM was $1412 higher
than that of surveillance. The model demonstrated significantly
positive results for CPM in BRCA-positive patients of all ages. For
this patient population, results revealed both a decrease in cost
and an increase in quality of life. While the findings from this
trial seem to validate the cost-effectiveness of CPM in unilateral
breast cancer patients, comparing estimates of the direct and
indirect cost associated with each case would provide a more
convincing declaration [57].

Deshmukh et al. [58] conducted a retrospective study
for women treated for stage I to IIl breast cancer with or
without CPM. Cost estimates were conducted using Medicare
reimbursements for professional and technical costs over a
period of 24 months after diagnosis. All costs were adjusted for
2010 rates. This study found that the average cost of CPM was
$7,759 higher than that of other surgical forms of breast cancer
treatment, although there was a $21,100 difference in favor of
immediate CPM vs delayed. A large discrepancy exists in the cost
estimates used by Zendejas & Deshmukh [57,58]. Costs reported
by Deshmukh et al [58]. for a 24-month time period was much
greater than the life time cost reported by Zendejas et al.[57].
Prices projected in the more recent study, Deshmukh [58]
could reflect inflation, data collection methods, and/or a more
extensive consideration of patient cost. Deshmukh et al. [58] also
incorporated costs for length of hospital stay, medications, and
laboratory tests whereas the simulation designed by Zendejas
et al. [57] did not account for such patient variation. Differing
methods of data collection may have also led to conflicting price
estimates. Deshmukh et al. [58] retrospectively assessed 904
patients from 1997 to 2009 then adjusted the total costs based
on the value of the dollar in 2010. The more recent data is likely
the most reliable for current considerations.

the cost of total
chemoprevention, the monthly cost for various agents used to

reduce the risk of breast cancer can be found in Table 3. Prices

To compare mastectomy with

are listed as average wholesale price for a 30-day supply. At a
cost of $113.64 a month, tamoxifen 20 mg over a 5-year period
would cost almost $7,000. Alternatively, a 5 year exemestane
regimen for breast cancer risk reduction would be approximately
over $36,000 [59,60]. This price is comparable to the cost of
CPM according to Zendajas et al. [57] Other considerations
such as cost associated with prescription pick up, laboratory
monitoring, and follow-up as well as morbidity associated with
adverse effects must be considered for each patient. The most
recent study to determine the cost-effectiveness of bilateral
prophylactic mastectomy concluded that the procedure may
only be appropriate for women with a lifetime breast cancer
risk of at least 50% [61,62]. The study used a Markov model to
account for changes over time and assumed willingness-to-pay
thresholds of $50,000 and $100,000 for women ages 30+ gaining
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a 90% risk reduction. According to these cost parameters,
quality adjusted life years gained were only cost-effective in
women with a 51% and 57% risk, respectively. Deciding on
a breast cancer prevention method is a complicated endeavor
that involves highly individualized dynamics. It is important to
consider life-time or long-term in addition to short-term cost
when communicating this information to patients, particularly
those of low socioeconomic status. Given the evidence for the
cost-effectiveness of breast cancer prevention methods, it is
clear that more attention should be placed on educating patients.

Conclusion

Bilateral prophylactic mastectomy is an irreversible and
relatively effective breast cancer prevention method for a subset
of women. The procedure has been shown to substantially
reduce the incidence of breast cancer in patients with a strong
family history and/or documented high-risk genetic mutation(s).
It also substantially reduces the risk of contralateral tumors
and invasive diseases in certain patients with LCIS, DCIS
and unilateral breast cancer. However, none of these studies
reported an improvement in overall survival, disease-free
survival, or distant disease-free survival after 10 and 20 years
when compared to more conservative options. Nevertheless,
mastectomy procedures have become an increasingly popular
choice even in patients for which such drastic measures are
not indicated. Interestingly, patients who considered their
therapy to be directed by physician recommendation rather
than self-guidance often chose breast conserving surgery over
mastectomy. This observation illustrates the importance of
patient education and shared decision making.

Bilateral mastectomy represents a viable choice for breast
cancer prevention in BRCA+ patients or those < 40 years of age
with a personal or strong family history of invasive breast cancer.
Chemoprevention methods coupled with increased surveillance
have also shown significant efficacy, although medications are
only effective at preventing ER+ breast cancers. This information
may be helpful in determining insurance coverage, but more
studies are needed to compare the costs of prophylactic
mastectomy with breast conserving surgery, pharmacologic
preventions, and active surveillance. This data would be useful
in developing an algorithm for determining whether a patient
is a suitable candidate for prophylactic mastectomy considering
that patients may get similar benefit from other options. Lastly,
it is essential that physicians, surgeons, pharmacist and other
healthcare workers emphasize patient education to reduce
anxiety and improve satisfaction with more conservative
treatment approaches as research shows no survival benefit
among the varying degrees of surgical prevention methods.
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