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Abstract: Due to the high incidence of breast cancer in the United States, optimal strategies for
its prevention are imperative. This entails identification of women who are at an increased risk
for breast cancer and an integrative approach that includes effective screening methods as well
as nutritional, pharmacologic, and surgical management. Several breast cancer risk-assessment
tools, such as the Gail and Claus models, can help clinicians determine the quantitative risk
of breast cancer. The role of selective estrogen receptor modulators, such as tamoxifen and
raloxifene, for the prevention of breast cancer has been well established. Several other agents,
such as aromatase inhibitors, are currently being investigated. The potential adverse effects of
these chemopreventive agents, which include an impact on the quality of life, must be discussed
with the patient before deciding on this approach. Additionally, breast cancer risk factors have
been identified over the years; some of them are modifiable, but others are not. Although there
is no conclusive evidence to suggest the protective role of specific dietary components, alcohol
consumption and obesity are associated with an increased breast cancer risk; thus lifestyle
changes can lead to a lower risk of developing breast cancer. Surgical approaches, including
bilateral risk-reduction mastectomy and salpingo-oophorectomy, are usually limited to women
with a hereditary predisposition to development of breast cancer. The objective of this review is
to summarize the various approaches directed at reducing the incidence of breast cancer.
Keywords: chemoprevention, tamoxifen, raloxifene, prophylactic surgery

Introduction

Breast cancer continues to be the most common cancer diagnosed in women in the
United States, with a median age at diagnosis of 61 years.!? It was estimated that
approximately 232,340 new cases of invasive breast cancer (IBC) and 64,640 new
cases of ductal carcinoma in situ (DCIS) were estimated to be diagnosed in2013.> The
current lifetime risk of a woman developing breast cancer in the US is estimated to
be one in eight (12.3%), which is an increase compared to the one in eleven (9.09%)
lifetime risk in the 1970s. This apparent increase is believed to result from longer
life expectancy, increased detection through sensitive screening methods, changes in
reproductive patterns, and an increasing prevalence of obesity. Breast cancer is the
second leading cause of cancer death after lung cancer.? The American Cancer Society
projected approximately 39,620 breast cancer related-deaths in 2013.3 The incidence
and death rates of breast cancer increase with age; 79% of new cases and 88% of breast
cancer deaths were reported in women who were 50 years of age or older in the year
2013.% Breast cancer incidence is higher in non-Hispanic white women compared to
African-American women (except prior to the age of 40 years), while the mortality
rate is higher among African-American women overall.'**
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Several breast cancer risk factors have been identified.
These are broadly classified as modifiable and non-modifiable
risks. The latter includes age, race/ethnicity, genetics/
family history, and age at menarche. Modifiable risk factors
include diet, alcohol consumption, body mass index (BMI),
exogenous estrogen use, smoking, and physical inactivity.’
The woman’s age at the birth of her first child, her age at
menopause, and her breast-feeding status are considered
potentially modifiable.® Additionally, mammographic breast
density (MBD), alone or in combination with other risk
factors, has been demonstrated to be associated with an
increased risk of breast cancer.”'? Percentage dense area
(PDA) is the most common measurement of mammographic
density. A four- to six-fold greater risk of breast cancer has
been reported in women having more than 75% of the total
area on mammogram occupied by dense area.'® In addition
to PDA, absolute dense area of the breast obtained on assess-
ment of PDA has been reported to be an independent risk
factor for breast cancer, and its inclusion in risk-assessment
tools has been proposed.'* Female survivors of Hodgkin’s
disease that were treated with chest irradiation are known to
be at an increased risk of breast cancer, with the cumulative
absolute risks of breast cancer varying with type of therapy,
age at end of follow-up, time since diagnosis, and radiation
dose.!® Hence, due to the rising incidence of breast cancer
and several of the risk factors being non-modifiable, strate-
gies for the primary prevention of breast cancer represent an
important area of interest. The objective of this review is to
synopsize the different approaches directed at reducing the
incidence of breast cancer.

Assessment of breast cancer risk

Several breast cancer risk-assessment tools are currently
available. The earliest and most widely used risk-assessment
tools include the Gail and Claus models.'®!” The Gail
model, which is based on the Breast Cancer Detection
Demonstration Project, provides an estimate of a woman’s
risk of developing breast cancer during the ensuing 5-year
period and her overall lifetime risk.'” The components of
this model include age at menarche, age at first live birth,
patient’s current age, number of first-degree relatives with
IBC, race/ethnicity, number of prior breast biopsies, and
the results of these biopsies. The original model was based
on data from white non-Hispanic women; however, the
subsequent model for African-American women as well
as Asian and Pacific Island women was developed based
on additional studies and the National Cancer Institute’s
Surveillance, Epidemiology, and End Results program. !

This model is not applicable to women with a prior his-
tory of IBC, DCIS, or lobular carcinoma in situ (LCIS).
The Claus model includes information on the patient’s
age, first- and/or second-degree relatives with IBC, and
age of relatives at the time of their diagnosis;'® however,
this model does not include any of the nonhereditary risk
factors. The updated Claus model includes the risk of IBC
in women with a family history of ovarian cancer.”® Breast
cancer risk-assessment models, such as the BRCAPRO?
and Tyrer-Cuzick models,? also take into account BRCA-1/2
mutation carrier status.

Breast cancer risk-reduction
strategies

Pharmacotherapy (chemoprevention)

The effects of various pharmacologic agents on the incidence

of IBC and noninvasive breast cancer have been investigated

in several prospective randomized clinical trials.”
Chemoprevention is defined as:

the use of pharmacologic or natural agents that inhibit the
development of invasive breast cancer either by blocking the
DNA damage that initiates carcinogenesis or by arresting
or reversing the progression of premalignant cells in which

such damage has already occurred.*

In this review, we will discuss the role of selective
estrogen receptor modulators (SERMs), such as tamoxifen,
raloxifene, arzoxifene, and lasofoxifene, as well as aromatase
inhibitors (Als) such as exemestane.

Tamoxifen chemoprevention studies

National Surgical Adjuvant Breast and Bowel Project
(NSABP) Breast Cancer Prevention Trial (PI)

The NSABP-P1 trial, which was initiated in 1992,
randomized 13,388 women to receive either 20 mg of
tamoxifen or a placebo daily for 5 years.”* Inclusion cri-
teria for the study were women older than 60 years of age
or those between the ages of 35 and 59 years with a 5-year
predicted IBC risk of at least 1.66% as determined by the
modified Gail model'” or having a history of LCIS. Women
were excluded from the study if they had a history of deep
venous thrombosis, pulmonary embolism, or breast cancer,
or if they had taken oral contraceptives, androgens, and
estrogen or progesterone replacement therapy for at least
3 months prior to randomization. The primary end point of
the trial was to determine the incidence of IBC. Secondary
end points included the incidence of noninvasive breast
cancers, invasive cancers other than that of the breast and
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uterus, osteoporotic fractures, vascular events, ischemic
heart disease, quality of life measurements, and death from
any cause.

After a median follow-up of 54.6 months, a 49% reduction
in the risk of IBC was observed in the patients treated with
tamoxifen (relative risk [RR] =0.51; 95% confidence inter-
val [CI]: 0.39 to 0.66). The cumulative incidence of IBC
through 69 months was 43.4 versus 22.2 per 1,000 women
in the placebo and tamoxifen groups, respectively. Tamoxifen
was found to be effective across all age groups, in patients
with a history of LCIS or atypical ductal hyperplasia, and in
those with any category of predicted 5-year risk. Tamoxifen
reduced the occurrence of IBC in the estrogen receptor (ER)-
positive tumors by 69% (RR =0.31; 95% CI: 0.22 to 0.45),
but no significant difference in the occurrence of ER-negative
tumors was observed.

The incidence of endometrial cancer was elevated
in the patients treated with tamoxifen (RR =2.53; 95%
CI: 1.35 to 4.97), with most cases occurring in women who
were =50 years of age. All endometrial cancers in the tamox-
ifen group were International Federation of Gynecology and
Obstetrics stage 1. Similarly, vascular events, such as pulmo-
nary embolism (RR =3.10; 95% CI: 1.15 to 19.27) and deep
venous thrombosis (RR =1.60; 95% CI: 0.91 to 92.86), were
observed with an increased frequency in women who received
tamoxifen. An increase in the incidence of stroke was notable
in the tamoxifen group (RR =1.59; 95% CI: 0.93 to 2.77);
however, this was not statistically significant. The vascular
events occurred more frequently in women =50 years of
age. No difference in the incidence of myocardial infarction,
severe angina, and acute ischemic syndrome was evident
between the two groups, with the average annual rate of isch-
emic heart disease being 2.37 versus 2.73 per 1,000 women
in the placebo and tamoxifen groups, respectively; however,
a reduction in hip, spine, and radius (Colles’) fracture was
reported in the tamoxifen group. Due to prespecified rules
prior to the start of the study, the NSABP-P1 was stopped
when a statistically significant reduction in breast cancer
incidence with tamoxifen was observed. Women in the pla-
cebo arm were then offered tamoxifen, making it difficult
to accurately assess the effect of tamoxifen on breast cancer
mortality.

In 2005, the NSABP provided the 7-year follow-up
results of the above study, which continued to show a reduced
incidence of both IBC (RR =0.57; 95% CI: 0.46 to 0.70)
and noninvasive breast cancer (RR =0.63; 95% CI: 0.45
to 0.89).%6 A similar increase in the incidence of stroke, deep
venous thrombosis, and cataracts were noted with increased

follow-up. A 32% reduction in osteoporotic fractures were
noted with tamoxifen.

Italian Tamoxifen Prevention Study

The Italian Tamoxifen Prevention Study randomized
5,408 women who had previously undergone a hysterectomy
to receive tamoxifen or placebo.”” The initial results of the
trial failed to demonstrate an overall benefit of tamoxifen after
a median follow-up of 46 months; however, a statistically
significant reduction in IBC was observed among women who
received tamoxifen and were also on hormone replacement
therapy. The possible lack of benefit from tamoxifen in this
study could possibly be due to inclusion of women with
low-to-normal risk of breast cancer and of patients receiving
concurrent hormone replacement therapy (approximately
14% of all participants). After 11 years of follow-up, the
investigators found a statistically significant reduction in the
incidence of ER-positive breast cancer among women at high
risk (defined as women taller than 160 cm, with at least one
intact ovary, with no full-term pregnancy before the age of
24 years, and younger than age 14 years at menarche) treated
with tamoxifen (6.26 versus 1.50 per 1,000 woman-years;
RR =0.24; 95% CI: 0.10 to 0.59).%®

The Royal Marsden Hospital Tamoxifen Chemoprevention
Trial

The Royal Marsden Hospital Tamoxifen Chemoprevention
Trial, which randomized 2,494 women aged 30 to 70 years
who also had a family history of breast cancer to tamoxifen
or placebo, failed to demonstrate a decreased incidence of
ER-positive breast cancer (30 cases in the tamoxifen arm
versus 39 in the placebo arm; hazard ratio [HR] =0.77; 95%
CI: 0.48 to 1.23). In 2007, the investigators provided an
update to this trial with an extended follow-up of 20 years and
this showed a statistically significant decrease in the risk of
ER-positive breast cancer in the tamoxifen arm (23 cases in
the tamoxifen arm and 47 in the placebo arm; HR =0.48; 95%
CI: 0.29t0 0.79).3° The adverse events seen with tamoxifen in
the European trials were similar to the NSABP-P1 trial.

International Breast Cancer Intervention Study (IBIS-I)

Another trial testing the efficacy of tamoxifen among women
at increased risk of breast cancer in the UK, Australia,
and New Zealand was initiated in 1992.3! With a median
follow-up of 49.6 months, the investigators showed that
tamoxifen decreased the incidence of breast cancer by 32%
(RR =0.68; 95% CI: 0.50 to 50.92). With further follow-up
(up to 96 months), the incidence continued to be lower in
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the tamoxifen group (27% reduction in IBC; RR =0.73; 95%
CI: 0.58 t0 50.91).32 Similar to the NSABP-P1 experience, the
benefit of tamoxifen was only seen in ER-positive tumors and
an increased risk of thromboembolic events with tamoxifen
was reported; however, in contrast to the NSABP-P1 results,
the use of hormone replacement therapy for postmenopausal
symptoms (at the lowest possible dose) was permitted in
the trial and the increased risk of endometrial cancer with
tamoxifen was not statistically significant.

In 2003, an overview of the abovementioned tamoxifen
prevention trials was published, and there was no reduction
in ER-negative IBC; however, there was a statistically
significant decrease in the incidence of ER-positive IBC,
by 48%.% The consensus of endometrial cancer and venous
thromboembolic events had a RR 0f 2.4 and 1.9, respectively;
women aged 50 years or older had an increased risk. Overall,
there was no effect on the all-cause mortality, but there was
a high degree of heterogeneity across various trials.

Several studies have demonstrated that tamoxifen
decreases MBD.* 3¢ A case-control study nested within the
IBIS-I showed a 10% or greater reduction in breast density
at the 12- to 18-month mammogram in 46% of women in
the tamoxifen group.’” These women were noted to have a
63% reduction in breast cancer risk (odds ratio [OR] =0.37;
95% CI: 0.20 to 0.69; P=0.002). The women who experienced
less than a 10% reduction in breast density with tamoxifen
had no risk reduction (OR =1.13; 95% CI: 0.72 to 1.77;
P=0.60). Similar reductions in MBD in the placebo group
were not associated with decreased risk of breast cancer;
hence, the authors concluded that a 12- to 18-month change
in MBD was a good predictor of response to tamoxifen for
the prevention of breast cancer.

Raloxifene chemoprevention studies

Raloxifene is an oral, second-generation SERM, which has
estrogenic effects on the bone, lipid metabolism, blood clot-
ting, and antiestrogenic effects on the breast and uterus. The
US Food and Drug Administration (FDA) initially approved
raloxifene for the prevention and treatment of osteoporosis
in postmenopausal women.

The Multiple Outcomes of Raloxifene

Evaluation (MORE) trial

In this trial, 7,705 postmenopausal women with osteoporosis
were randomly assigned to receive raloxifene (60 mg or
120 mg per day) or placebo.* The initial results of this trial
reported a 30% reduction in the risk of vertebral fractures
associated with an increase in bone mineral density in the

spine and femoral neck, but the incidence of non-vertebral
fractures was not significantly different. The incidence of
IBC, which was a secondary end point of the study, was
decreased by 76% during the 3 years of treatment and by
72% at 4 years of treatment with raloxifene. The number
needed to treat (NNT) to prevent one case of breast cancer
was 126.%%4! Similar to the tamoxifen trials, the benefit of
raloxifene was limited to ER-positive breast cancer and an
increased risk of venous thromboembolism was observed
(RR=3.1;95% CI: 1.5 to 6.2). Unlike tamoxifen, raloxifene
did not increase the risk of endometrial cancer (RR =0.8;
95% CI: 0.2 to 2.7).

The Continuing Outcomes Relevant

to Evista (CORE) trial

This was a double-blind, placebo-controlled study that
investigated the efficacy of an additional 4 years of ralox-
ifene compared with placebo in decreasing the incidence
of IBC in women who had participated in the MORE
trial.* The primary breast cancer analysis included a total
of 5,213 patients (3,996 who had completed MORE when
CORE began and 1,217 who were still participating in MORE
when CORE began). The 4-year incidences in the raloxifene
group of IBC and ER-positive IBC were reduced by 59%
and 66%, respectively. Over the 8 years of both trials, the
incidences of IBC and ER-positive IBC were reduced by
66% (HR =0.34; 95% CI: 0.22 to 0.50) and 76% (HR =0.24;
95% CI: 0.15 to 0.40), respectively, in patients who received
raloxifene.

The Study of Tamoxifen and Raloxifene (STAR)

trial (NSABP-P2)

This study was a double-blind, randomized controlled trial
that included 19,747 postmenopausal women aged 35 years
and older with increased risk of breast cancer,* defined as a
personal history of LCIS or a 5-year predicted risk for IBC
of at least 1.66% as determined by the Gail model."” Women
with a history of cerebral vascular accidents, transient isch-
emic attack, pulmonary embolism, deep venous thrombosis,
uncontrolled diabetes, uncontrolled hypertension, or atrial
fibrillation were excluded from the study. Women were ran-
domly assigned to receive 20 mg of tamoxifen per day plus
a placebo or 60 mg of raloxifene per day plus a placebo for
a S-year period. The primary end point was the development
of biopsy-proven IBC. The secondary end points of the trial
included the incidence of noninvasive breast cancer, uterine
cancer, cardiovascular events, stroke, transient ischemic
attack, pulmonary embolism, deep venous thrombosis,
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osteoporotic fractures, cataracts, life, and death from any
cause. Quality of life events were also evaluated. Based on
the modified Gail score, the median 5-year risk of developing
IBC was 4.03%. The mean age of participants at the time of
randomization was 58.5 years and the mean time of follow-up
was 3.9 years. Over 70% of women had a history of IBC in
a first-degree maternal relative, and more than 20% reported
a history of atypical lobular or ductal hyperplasia on breast
biopsy prior to enrollment. Approximately 9% of women
had a history of LCIS.

There was no difference between the effects of tamoxifen
and raloxifene on the incidence of breast cancer. There were
163 cases of IBC in the women assigned to the tamoxifen
group, compared to 168 cases in the raloxifene group. The
rate per 1,000 woman-years was 4.3 in the tamoxifen group
and 4.4 in the raloxifene group (RR =1.02; 95% CI: 0.82
to 1.28). The pathological characteristics of the tumors
showed no difference between the treatment groups regard-
ing the distribution by tumor size, nodal status, or ER level.
The incidence of noninvasive breast cancer was lower in the
tamoxifen group (1.51 per 1,000 women) compared to the
raloxifene group (2.11 per 1000 women); however, this
difference did not reach statistical significance. There were
57 cases of noninvasive breast cancer among women assigned
to the tamoxifen arm and 80 cases among those assigned to
raloxifene (RR =1.40; 95% CI: 0.98 to 2.00). There were
fewer cases of uterine malignancies in the raloxifene group
(23 cases) compared to the tamoxifen group (36 cases),
although this difference was also not statistically significant.
Annual incidence rates were 1.99 per 1,000 women and
1.25 per 1,000 women in the tamoxifen and raloxifene groups,
respectively (RR =0.62; 95% CI: 0.35 to 1.08). It is important
to note that approximately 50% of patients in either group
had had a hysterectomy prior to enrollment in the trial. The
incidence of uterine hyperplasia with or without atypia was
significantly less in the raloxifene group. The number of
hysterectomies performed for nonmalignant indications was
statistically fewer in the raloxifene group (244 tamoxifen
versus 111 raloxifene; RR =0.29; 95% CI: 0.30 to 0.50).
In addition, no statistically significant difference in the
incidence of other malignancies, such as colorectal, lung,
leukemia/hematopoietic, or other cancers, were observed
between the two treatment groups.

Similarly, no statistically significant differences between
the two groups were observed regarding the incidence of
stroke, transient ischemic attack, and osteoporotic fractures
at the hip, spine, and radius; however, a 30% decrease in
the incidence of pulmonary embolism and deep venous

thrombosis was noted in the raloxifene arm (100 versus
141 events in the raloxifene versus tamoxifen groups, respec-
tively; RR =0.70; 95% CI: 0.54 to 0.91). Fewer women who
received raloxifene developed cataracts (RR =0.79; 95%
CI: 0.68 to 0.92). Similar mortality was reported in the two
groups (101 deaths in tamoxifen group versus 96 in the ral-
oxifene group; RR =0.94; 95% CI: 0.71 to 1.26).

With respect to patient-reported outcomes for physical
health, mental health, and depression, no significant differ-
ences were noted between the two SERMs, although rela-
tively better sexual function was reported in the tamoxifen
group.* Women in the raloxifene cohort reported more mus-
culoskeletal symptoms, such as joint pain, muscle stiffness,
and generalized aches and pains. They also more frequently
reported vaginal dryness, dyspareunia, and weight gain.
In contrast, women in the tamoxifen cohort reported more
vasomotor symptoms, including leg cramps and difficulty
with bladder control. They also reported genital irritation,
vaginal discharge, and bleeding.

Based on the data from STAR and other raloxifene trials,
the FDA approved raloxifene for the prevention of IBC in
postmenopausal women at increased risk of breast cancer or
in postmenopausal women with osteoporosis.*

An updated analysis of the STAR trial was performed
in 2010 with a median follow-up time of 81 months.®
There continued to be no statistically significant difference
in the incidence of IBC between tamoxifen and raloxifene
(RR =1.24; 95% CI: 1.05 to 1.47). There were 137 cases
of noninvasive breast cancer in the raloxifene group, and
111 cases in the tamoxifen group (RR =1.22; 95% CI: 0.95
t0 91.59); as such, the difference between the two groups was
smaller when compared to the original report. Unlike in the
initial study, there was a statistically significant decrease in
the risk of endometrial cancer with raloxifene (RR =0.55;
95% CI: 0.36 to 30.83). In addition, statistically significant
reductions in the incidence of thromboembolic events
(RR =0.75; 95% CI: 0.60 to 60.93) and uterine hyperpla-
sia (RR =0.19; 95% CI: 0.12 to 10.29) were reported. No
significant mortality differences between raloxifene and
tamoxifen were noted.

The Raloxifene Use for the Heart (RUTH) study

The RUTH study also affirmed the benefits of raloxifene
in breast cancer.*® This trial randomized 10,101 postmeno-
pausal women (mean age =67.5 years) with coronary heart
disease or risk factors for the same to 60 mg of raloxifene
or placebo daily. After a median follow-up of 5.6 years, no
difference between the two groups was noted regarding the
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cardiovascular end points; however, the incidence of IBC,
particularly the ER-positive type, was significantly reduced
in the raloxifene group (40 versus 70 events; HR =0.56;
95% CI: 0.38 to 0.83; absolute risk reduction, 1.2 IBCs per
1,000 women treated for 1 year). Similar to other studies,
raloxifene was associated with an increased risk of fatal
stroke (59 versus 39 events; HR =1.49; 95% CI: 1.00 to
2.24; absolute risk increase, 0.7 per 1,000 woman-years) and
venous thromboembolism (103 versus 71 events; HR =1.44;
95% CI: 1.06 to 1.95; absolute risk increase, 1.2 per 1,000
woman-years).

Additional SERMS

The Postmenopausal Evaluation and Risk Reduction
with Lasofoxifene (PEARL) study randomly assigned
8,556 postmenopausal women with osteoporosis to receive
a placebo or either 0.25 mg or 0.5 mg of lasofoxifene per
day.#’#® A significant reduction in the incidence of ER-
positive breast cancer (HR =0.19; 95% CI: 0.07 to 0.56) was
reported in women assigned to 0.5 mg of lasofoxifene per
day. In addition, the incidence of vertebral and non-vertebral
fractures, coronary heart disease events, and stroke were also
reduced in this group. A smaller effect on the incidence of
ER-positive IBC was noted with 0.25 mg of lasofoxifene
per day.

The investigational SERM, arzoxifene, has also been
evaluated in postmenopausal women with breast cancer. The
GENERATIONS trial was a large, multicenter, double-blind,
placebo-controlled study that compared daily dosing of 20 mg
of arzoxifene to placebo in 9,354 postmenopausal women with
osteoporosis or low bone mass.*-*° The median follow-up was
48 months. The incidence of IBC was decreased in women
assigned to the arzoxifene group (22 cases versus 53 in the
placebo group; HR =0.41; 95% CI: 0.25 to 0.68). This reduc-
tion was primarily seen in ER-positive breast cancer, which
was similar to results with other SERMs.

Role of Als

High aromatase levels in breast tissues and high circulatory
estrogen levels are known risk factors for IBC.3! Anastrozole,
letrozole, and exemestane are known to decrease circulating
estrogen levels in postmenopausal women by inhibiting the
enzyme aromatase, which catalyzes the conversion of andro-
gens to estrogens. The role of Als in the adjuvant treatment
of postmenopausal women with receptor-positive IBC is
well established. A 37% to 55% reduction in the incidence of
contralateral breast cancer has been reported with the use of
Als in clinical trials.”*>* The main side effects of Als include

arthralgia and accelerated bone resorption, and, overall, its
safety profile is relatively more favorable when compared
to tamoxifen.

Al chemoprevention studies

The NCIC CTG MAPS3 trial

The NCIC CTG MAP3 trial was a prospective trial that
investigated the role of exemestane in reducing the incidence
of IBC in postmenopausal women who were determined to
be at increased risk.® This double-blind trial randomized
4,560 postmenopausal women, who had at least one of the
following: age =60 years, Gail 5-year risk score greater than
1.66%;'" prior atypical ductal or lobular hyperplasia or LCIS;
or DCIS with mastectomy, to either 25 mg of exemestane per
day or placebo. The median age of women who participated
in the trial was 62.5 years and the median Gail risk score was
2.3%. The investigators reported a reduction in the incidence
of IBC in women assigned to exemestane group (eleven
cases) compared with those in the placebo group (32 cases)
at a median follow-up of 35 months. A 65% relative reduc-
tion in the annual incidence of IBC (0.19% versus 0.55%;
HR =0.35; 95% CI: 0.18 to 0.70; P=0.002) with exemestane
was reported. The NNT to prevent one case of IBC with
exemestane therapy was 94 in 3 years. The annual incidence
of IBC plus DCIS (20 in the exemestane group and 44 in
the placebo group) was 0.35% and 0.77% in the exemestane
and placebo groups, respectively (HR =0.47; 95% CI: 0.27
to 0.79). Eighty-eight percent of women in the exemestane
group and 85% in the placebo group experienced adverse
events that included hot flashes and arthritis as the most com-
mon adverse events in both groups. There were no significant
differences between the two groups regarding secondary end
points, such as new osteoporosis, skeletal fractures, cardio-
vascular events, and cancers other than IBC. No treatment-
related deaths were reported. Women taking exemestane
reported slightly worse menopause-related quality-of-life
events when compared with placebo (7% more overall).

IBIS-II

IBIS-II is a multicenter, randomized, double-blind, placebo-
controlled Phase III trial that evaluated the Al anastrozole
in postmenopausal women at high risk for breast cancer
(family history, atypical hyperplasia or LCIS, nulliparity or
age 30 or above at first birth, mammographic opacity cover-
ing at least 50% of the breast).*® Anastrozole (1 mg/day) was
associated with a 53% reduction in the incidence of IBC and
DCIS (primary end point) when compared with placebo after
a median follow-up of 5 years (HR =0.47; 95% CI: 0.32 to
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68.0; P<<0.0001). Similar to most chemoprevention trials, the
protective effect of anastrozole was seen in ER-positive IBC
with no significant effect in the ER-negative subgroup. The
total mortality was 0.9% for both arms. Interestingly, a reduc-
tion in the incidence of skin, gastrointestinal, and gynecologic
cancers, as well as other cancers, was noted in the anastrozole
group (2% versus 4%; RR =0.58; 95% CI: 0.39 to 0.85). A
significant increase in the incidence of musculoskeletal events
such as aches and pain, vasomotor symptoms, dryness of
the eyes, and hypertension were observed in the anastrozole
arm. Bone fractures occurred in 7.7% of those on placebo
compared to 8.5% of women receiving anastrozole. Based
on the results of this trial, anastrozole may be an effective
chemopreventive option for postmenopausal women.

Recently, a meta-analysis based on individual participant
data from nine randomized prevention trials using tamox-
ifen, raloxifene, arzoxifene, and lasofoxifene was reported.”’
These included The Royal Marsden Hospital Tamoxifen
Trial, IBIS-I, NSABP-P1, Italian Tamoxifen Prevention
Study, MORE/CORE, RUTH, STAR, PEARL, and
GENERATIONS. Median follow-up time was 65 months.
Overall, a 38% reduction in the incidence of breast cancer
(including DCIS) was noted (HR =0.62; 95% CI: 0.56
to 0.69), with the largest reduction in the first 5 years of
follow-up compared to years 5 to 10. The estimated 10-year
cumulative incidence was 6.3% in the control group and
4.2% in the SERM group. It was determined that 42 women
would need to be treated to prevent one breast cancer event
in the first 10 years of follow-up. A statistically significant
overall reduction by 31% in the incidence of DCIS was
reported, with 38% reduction in the tamoxifen trials but no
effect for raloxifene.

The investigators noted a significant reduction in all
breast cancers and ER-positive breast cancers with 0.5 mg of
lasofoxifene per day compared with placebo; however, there
was a nonsignificant increase in the incidence of ER-negative
IBC (HR =1.43; 95% CI: 0.43 to 1.66) and a nonsignificant
decrease for DCIS (HR =0.76; 95% CI: 0.26 to 2.21) with
lasofoxifene (both 0.5 mg and 0.25 mg per day). Similarly,
arzoxifene decreased overall IBC and ER-positive breast
cancer incidence by 58% and 70%, respectively. No effect was
noted on ER-negative breast cancers, while there was a small
reduction in DCIS (HR =0.30; 95% CI: 0.08 to 1.09). Overall,
a higher rate of endometrial cancer was noted in women
receiving a SERM as compared with placebo (HR =1.56;
95% CI: 1.13 to 2.14; P=0.007). This increase was limited to
the first 5 years of follow-up and primarily to the tamoxifen
trials. No increase in the incidence of endometrial cancer was

seen in the raloxifene trials. An increased risk was also seen
with arzoxifene (HR =2.26; 95% CI: 0.70 to 7.32; P=0.2).

An overall increase in the incidence of venous throm-
boembolic events was noted, with both tamoxifen and
raloxifene demonstrating a similar risk (OR =1.60; 1.21 to
2.12; P=0.001 versus OR =1.45; 1.18 to 1.76; P<<0.0001).
The rate was higher for arzoxifene and lasofoxifene. Overall,
no effect of SERMs was noted for myocardial infarction,
stroke, or transient ischemic attack. The authors reported a
34% reduction in vertebral fractures and smaller reduction
for non-vertebral fractures.

Other chemopreventive agents under investigation
The protective role of aspirin on the risk of breast cancer has
been investigated in several studies, with mixed conclusions.
Moderate reduction in breast cancer risk was reported in few
studies;*** however, no difference in the incidence of breast can-
cer was observed with alternate-day dosing of low-dose aspirin
after 10 years of follow-up in a randomized trial.** Similarly, in
areport by the Nurses’ Health Study, no association was found
between the use of aspirin, nonsteroidal anti-inflammatory
drugs, or acetaminophen and the incidence of breast cancer;*!
however, in this study, there was a suggestion of the possible role
of aspirin use as a secondary chemopreventive agent on those
women who had a prior diagnosis of IBC. Aspirin use has been
associated with a decreased risk of breast cancer death.®

Hyperinsulinemia has been reported to be an indepen-
dent risk factor for breast cancer.®® A recent meta-analysis
of seven observational studies demonstrated a protective
effect of metformin on breast cancer risk in postmeno-
pausal women with diabetes (combined OR =0.83; 95% CI:
0.71 to 0.97).%* A lower incidence of breast cancer was also
seen in the diabetic postmenopausal women participating in
the Women’s Health Initiative clinical trials who received
metformin (HR =0.75; 95% CI: 0.57 to 0.99);% however,
dedicated randomized clinical trials will be needed to assess
the efficacy of metformin for primary prevention of breast
cancer. Evidence from preclinical studies demonstrates that
27-hydroxycholesterol, a primary metabolite of cholesterol,
mimics estrogen and can drive the growth of breast cancer
cells.® Data from observational studies are conflicting, how-
ever, and randomized trials to investigate the role of statins
in breast cancer are ongoing.

American Society of Clinical Oncology (ASCO)
Clinical Practice Guidelines

In July 2013, ASCO updated its clinical practice guidelines
for the use of pharmacologic agents to reduce the incidence
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of breast cancer.” The recommendations included a discus-
sion of the use of tamoxifen (20 mg per day) in women
(35 years or older), who are at increased risk of breast cancer.
In postmenopausal women, raloxifene (60 mg per day for 5
years) and exemestane (25 mg per day for 5 years) may be an
alternative to tamoxifen (we presume anastrozole will also
be included in future guidelines after the recent presentation
of the results of the IBIS-II trial). Increased risk of breast
cancer was defined as a 5-year projected absolute risk of
breast cancer =1.66% (using the National Institute of Can-
cer Breast Cancer Risk Assessment Tool!” or an equivalent
measure) or women with LCIS. The use of tamoxifen or
raloxifene was not recommended for women with a history
of deep venous thrombosis, pulmonary embolism, stroke or
transient ischemic attack; during prolonged immobilizations;
in women who are pregnant or may become pregnant; or
nursing mothers. Discussions with patients and health care
providers should include the risks and benefits of the agents
under consideration.

Currently, there are no data from Phase III randomized
trials on the protective effect of raloxifene and Als in BRCA-
1/2 mutation carrier, however there are limited data on the
effectiveness of tamoxifen for the reduction of breast cancer
risk in BRCA-1/2 mutation carriers. In the NSABP-P1, 19 of
the 288 women who developed breast cancer had BRCA-1/2
mutations. A statistically significant effect on breast cancer
risk was not observed with tamoxifen in women with BRCA-1
(RR =1.67; 95% CI: 0.32 to 10.70) or BRCA-2 (RR =0.38;
95% CI: 0.06 to 1.56) mutations.®®

The role of diet and nutrition

The association between various dietary factors and the risk
of breast cancer has been controversial due to the lack of
randomized prospective studies. An international panel of
the World Cancer Research Fund and American Institute for
Cancer Research concluded that alcohol intake increased
the risk of breast cancer for all age groups.® Some of the
mechanisms postulated include carcinogenic metabolites of
alcohol, such as acetaldehyde or oxygen radicals, interfer-
ence with folate or estrogen metabolism, and several nutrient
deficiencies associated with alcohol intake.® A 10% increase
in the risk of breast cancer for every 10 grams of alcohol
consumed each day was demonstrated in some studies.”®”!
Interestingly, the excess risk due to alcohol consumption may
be reduced or mitigated by adequate folate consumption.’ 7
Additionally, the role of dietary fat as a possible risk factor
for IBC has been considerably investigated, and a nonsignifi-
cant increase in the rate of breast cancer (6% to 11%) was

reported.®” In the Women’s Health Initiative Randomized
Controlled Dietary Modification trial, a nonsignificant
decrease in breast cancer risk was noted (RR =0.91; 95% CI:
0.83 to 1.02) in women with a reduced intake of animal fat.”
Similarly, a large prospective study demonstrated a small
increase in the risk of IBC with increased intake of dietary
fat.® Red meat intake has also been linked to breast cancer
risk. A modest association between the two was reported in
a meta-analysis of case-control and cohort studies; however,
this was not observed in a pooled analysis of prospective
studies.”>”” An increased breast cancer risk was seen among
women with high red meat intake in the UK Women’s Cohort
Study (12% increase risk per 50 g increment of meat each
day).” The influence of BMI on the risk of breast cancer
has also been well characterized. It has also been reported
that women with a higher BMI are at a lower risk of breast
cancer before menopause, but have an increased risk in the
postmenopausal stage.® The prospective Nurses’ Health
Study II, with 116,000 women being followed since 1989, has
prespecified objectives to assess the role of risk factors such
as dietary fiber, saturated and unsaturated fat, plasma levels
of insulin-like growth factor, low-dose oral contraceptive
pills, breast-feeding, and physical activity among younger
nurses.” In summary, there is currently no conclusive evi-
dence based on randomized controlled trials that a specific
dietary intervention or weight loss will decrease the risk of
developing IBC.

The role of surgery

Up to 10% of breast cancers result from specific genetic
mutations in the BRCA-1, BRCA-2 (hereditary breast/ovarian
cancer syndrome), CHEK?2 and p53 (Li—Fraumeni syndrome),
and PTEN (Cowden syndrome) genes.***> Women who meet
one or more of the following familial/hereditary breast cancer
risk criteria should be referred to a cancer genetic counselor
for further evaluation: individuals from a family with known
mutations that increase their risk of breast cancer (BRCA-1,
BRCA-2, CDHI, STK11, and TP53) or genes associated
with breast cancer; a family history of two or more breast
primaries in a single individual; two or more members with
breast primaries on the same side of the family; first- or
second-degree relative =45 years of age with breast cancer;
one or more primary ovarian cancers on the same side of
the family; family history of male breast cancer; or one or
more family members on the same side of the family with an
aggressive early-onset cancer in addition to breast cancer.®
Risk-reduction surgery may be considered in women who have
a strong family history of breast and/or ovarian cancer and in
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women with known BRCA-1/BRCA-2 mutation.® For those
patients who are carriers of such high-risk mutations but desire
to delay or omit risk-reduction surgery, specific guidelines
for follow-up have been developed, such as annual mam-
mography and breast magnetic resonance imaging screening,
beginning at age 25 years or 10 to 15 years earlier than the
younger family member with a diagnosis of breast cancer,
and twice-yearly ovarian cancer screening with transvaginal
ultrasound and serum CA-125 levels, beginning at age 30
years or 5 to 10 years earlier than the earliest age of first diag-
nosis of ovarian cancer in the family.**3* The US Preventive
Services Task Force, ASCO, and the National Comprehensive
Cancer Network have outlined indications and guidelines for
testing hereditary breast cancer syndromes in select patient
populations that have been determined to have an increased
probability of being mutation carriers. Several studies have
demonstrated that bilateral risk-reduction mastectomy can
decrease the risk of developing breast cancer by at least 90%
in moderate-to-high-risk women and in known BRCA-1/2
mutation carriers.®%% Additionally, bilateral risk-reduction
salpingo-oophorectomy (RRSO) may also decrease the risk
of breast cancer in BRCA-1/2 mutation carriers.**-°? This
is likely due to a reduction in estrogen exposure.®> Rebbeck
et al demonstrated a statistically significant reduction in breast
cancer risk with RRSO in BRCA mutation carriers with an
adjusted HR 0f 0.53 (95% CI: 0.33 t0 0.84).°" In a case-control
study by Eisen et al, a breast cancer risk reduction of 56% for
BRCA-1 carriers (OR =0.44; 95% CI: 0.29 to 0.66) and 46%
for BRCA-2 carriers (OR =0.57; 95% CI: 0.28 to 1.15) was
reported.® RRSO performed before age 40 years (OR =0.36;
95% CI: 0.20 to 0.64 for BRCA-1 carriers) was associated with
a greater risk reduction than after age 40 years (OR =0.53;
95% CI: 0.30 to 0.91). A recent meta-analysis supported the
protective role of RRSO in BRCA-1/2 mutation carriers by
demonstrating a statistically significant reduction in risk of
breast cancer (HR =0.49; 95% CI: 0.37 to 0.65).”° Similar
risk reductions were observed in BRCA-] mutation carriers
(HR =0.47; 95% CI: 0.35 to 0.64) and in BRCA-2 mutation
carriers (HR =0.47; 95% CI: 0.26 to 0.84). In contrast, a pro-
spective study by Kauff et al showed a greater reduction in
breast cancer risk for BRCA-2 mutation carriers (HR =0.28;
95% CI: 0.08 to 0.92) compared with BRCA-I mutation car-
riers (HR =0.61; 95% CI: 0.30 to 1.22).”

Some of the adverse effects of risk-reduction surgery
include the increased probability of osteoporosis, cardio-
vascular disease associated with premature menopause,
vasomotor symptoms that negatively affect quality of life,
and psychosocial effects of prophylactic mastectomy. Hence,

women who are considering this approach should undergo a
multidisciplinary evaluation to discuss the risks and benefits
of the surgery as well as options for breast reconstruction.

Discussion

Several large, randomized clinical trials have established
the role of SERMs in breast cancer prevention. Currently,
in the US, tamoxifen and raloxifene are FDA-approved for
this indication. Additionally, the MAP.3 and IBIS-II stud-
ies demonstrated that the incidence of ER-positive IBC
was decreased by the Als exemestane and anastrozole,
respectively.’>¢ These agents may have a relatively favorable
adverse event profile compared to tamoxifen or raloxifene in
postmenopausal women; however, head-to-head comparison
of the these drugs is needed to ascertain this.

Most chemoprevention trials were similar in purpose
and overall design. A majority of the women included in
these trials were white (for example, 96.5% in NSABP-P1
and 95.7% in MORE);>* thus, it is difficult to establish
if their results can be extrapolated to nonwhite women.
As all patients participating in this trial were subjected to
scheduled follow-ups with breast exams and regular annual
mammography, and considering that these chemopreventive
interventions did not show a statistically significant decrease
in ER-negative breast cancer and no change in breast cancer-
specific or all-cause mortality, it has been proposed that these
drugs may be treating only small, occult ER-positive breast
cancers, or may be delaying its diagnosis by at least a decade;
however, this effect is rather difficult to establish. The role
of these agents in women with risk factors such as BRCA-1/
BRCA-2 mutation carrier status, previous chest radiation,
and increased MBD has not been well studied in the existing
trials. The trials differed in the overall number and median
age of women, definition of increased breast cancer risk in
the study participants, end points of the study, and compli-
ance and continuation rates of participants.” The European
studies allowed the use of hormone replacement therapy,
while the NSABP-P1 and -P2 studies did not allow this. It
is difficult to determine if this influenced the incongruity in
the results between these trials. The women included in the
Italian trial had a lower risk of breast cancer than the general
population, as approximately half of the women (48.3%) had
an oophorectomy at the time of study entry.”’

Freedman et al estimated that over 2 million women in the
US could benefit from chemoprevention to reduce the risk
of breast cancer.”” Based on the NSABP-P1, the NNT with
daily tamoxifen for more than 5 years to prevent one case
of breast cancer is 48 women; the NNT for raloxifene over
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4 years is 112 to 125 women, based on the RUTH, MORE,
and STAR trials; the NNT for exemestane is 94 in 3 years
and 26 in 5 years, based on the MAPS3 trial; and the NNT
for anastrozole in the IBIS-II trial to prevent one case of IBC
in 7 years was 36 women. These numbers are comparable
to the NNT for interventions commonly recommended by
primary care physicians, for example, statins for the primary
prevention of myocardial infarction, for which the NNT is
60.%° An analysis of data from the National Health Interview
Survey in 2010, however, suggested that there was no overall
increase in the use of chemopreventive agents from the year
2000 to 2010, with a slight increase in the use of raloxifene
as compared with tamoxifen in postmenopausal women.”’
Possible explanations for the limited use of chemopreventive
agents include: difficulty in identifying the ideal candidates
for chemoprevention strategies; decreased awareness among
high-risk women and health care providers; concerns about
adverse effects of the agents; and their impact on quality of
life in the absence of a diagnosed cancer. Identifying the opti-
mal candidates for chemoprevention strategies continues to
be challenging, as the existing breast cancer risk-assessment
models do not incorporate all known risk factors, such as
alcohol intake, use of oral contraceptive pills, density of
breast tissue, and history of radiation exposure. Additionally,
there is significant variability in the risk factors included in
different models, and, overall, the threshold for inclusion into
these trials had low discriminatory accuracy to predict an
individual’s real probability of developing breast cancer, as
most women aged 60 years and older without other significant
risk factors would meet inclusion criteria by age alone.

The decision to use pharmacotherapy and the choice of
the agent should be tailored to each woman by considering
her age; menopausal status; gynecologic history (early age
at menarche, older age at first live birth); medical history
(previous thromboembolic events, history of endometriosis
or endometrial hyperplasia, history of LCIS or atypical
hyperplasia, history of thoracic radiation between the ages
of 10 and 30 years);’® family history of breast cancer; quan-
tified estimate of developing breast cancer using various
risk-assessment models, as outlined earlier; and the impact
of therapy on the patient’s quality of life. This would entail
a detailed discussion with the patient about the risks and
benefits of each treatment option. Freedman et al devel-
oped a benefit/risk index to quantify benefits from utilizing
tamoxifen or raloxifene for women older than 50 years based
on their 5-year projected risk for IBC, as determined by
the Gail model, race, and history of hysterectomy.” Based
on this decision model, the authors concluded that, over a

S-year period, raloxifene had a better benefit/risk index than
tamoxifen in postmenopausal women with an intact uterus,
whereas, for postmenopausal women without a uterus, the
index was similar for raloxifene and tamoxifen.

An important point that is often overlooked is that active
surveillance in most of the discussed trials ended with the
completion of therapy, and, thus, important long-term out-
comes of safety and efficacy may have been underreported.
It may be also be interesting to determine if a longer dura-
tion of treatment with these agents is associated with a more
favorable benefit/risk index.

It is important to note that the role of chemopreventive agents
in patients with hereditary predisposition to breast cancer is not
well established. More modern clinical trials are investigating the
chemopreventive role of agents such as lovastatin (ClinicalTrials.
gov identifier: NCT00285857), atorvastatin (NCT00637481),
letrozole (NCT00673335), vitamin D (NCT00976339), and
insulin-like growth factor inhibitors (NCT01372644), to name
a few.'%"1™ Regardless of the choice of the agent, women who
receive pharmacotherapy for breast cancer prevention should
adhere to recommended surveillance guidelines and be moni-
tored for potential treatment-related adverse events.

Future research needs to include the development of: 1) tools
that enable providers to accurately identify women at high risk
for breast cancer, particularly hormone-positive breast cancer; 2)
agents that may prevent hormone receptor-negative breast cancer;
3) agents with fewer side effects; 4) interventions for effective
education and communication of benefits and risks of chemopre-
vention; 5) clinical trials to discern the effect of chemoprevention
in patients with known/suspected hereditary breast cancer; and
6) means to integrate various risk-reduction approaches.

Acknowledgment
The authors would like to thank Ms Kelly Viola for her
editorial assistance.

Disclosure
The authors report no conflicts of interest in this work.

References

1. Howlader N, Noone AM, Krapcho M, et al, editors. SEER Cancer Statis-
tics Review (CSR), 1975-2010 [webpage on the Internet]. Bethesda, MD:
National Cancer Institute; 2013 [updated June 14, 2013]. Available from:
http://seer.cancer.gov/cst/1975_2010/. Accessed January 6, 2014.

2. Cancer Facts and Figures 2013. Atlanta, GA: American Cancer Society;
2013. Available from: http://www.cancer.org/research/cancerfactsfigures/
cancerfactsfigures/cancer-facts-figures-2013. Accessed November, 2013.

3. Breast Cancer Facts and Figures 2013-2014. Atlanta, GA: American Can-
cer Society, Inc.; 2013. Available from: http://www.cancer.org/acs/groups/
content/@research/documents/document/acspc-040951.pdf. Accessed
January 6, 2014.

68 submit your manuscript

Dove

Breast Cancer: Targets and Therapy 2014:6


www.dovepress.com
www.dovepress.com
www.dovepress.com
http://seer.cancer.gov/csr/1975_2010/
http://www.cancer.org/research/cancerfactsfigures/cancerfactsfigures/cancer-facts-figures-2013
http://www.cancer.org/research/cancerfactsfigures/cancerfactsfigures/cancer-facts-figures-2013
http://www.cancer.org/acs/groups/content/@research/documents/document/acspc-040951.pdf
http://www.cancer.org/acs/groups/content/@research/documents/document/acspc-040951.pdf

Dove

Breast cancer prevention

4.

12.

20.

21.

22.

23.

24.

Copeland G, Lake A, Firth R, et al, editors. Cancer in North America:
2006-2010. Volume One: Combined Cancer Incidence for the United
States, Canada, and North America. Springfield, IL: North American
Association of Central Cancer Registries, Inc.; 2013. Available from:
http://www.naaccr.org/LinkClick.aspx?fileticket=saV11 AbSyFA%3D
&tabid=93&mid=433. Accessed January 6, 2014.

. Fasching PA, Ekici AB, Adamietz BR, et al. Breast cancer risk —

genes, environment and clinics. Geburtshilfe Frauenheilkd. 2011;71:
1056-1066.

. Mahoney MC, Bevers T, Linos E, Willett WC. Opportunities and

strategies for breast cancer prevention through risk reduction. CA
Cancer J Clin. 2008;58(6):347-371.

. Barlow WE, White E, Ballard-Barbash R, et al. Prospective breast

cancer risk prediction model for women undergoing screening
mammography. J Natl Cancer Inst. 2006;98(17):1204-1214.

. Boyd NE, Guo H, Martin LJ, et al. Mammographic density and the risk

and detection of breast cancer. N Engl J Med. 2007;356(3):227-236.

. McCormack VA, dos Santos Silva I. Breast density and parenchymal

patterns as markers of breast cancer risk: a meta-analysis. Cancer
Epidemiol Biomarkers Prev. 2006;15(6):1159—1169.

. Tice JA, Cummings SR, Smith-Bindman R, Ichikawa L, Barlow WE,

Kerlikowske K. Using clinical factors and mammographic breast density
to estimate breast cancer risk: development and validation of a new
predictive model. Ann Intern Med. 2008;148(5):337-347.

. Tice JA, Cummings SR, Ziv E, Kerlikowske K. Mammographic

breast density and the Gail model for breast cancer risk pre-
diction in a screening population. Breast Cancer Res Treat.
2005;94(2):115-122.

Warner E, Lockwood G, Tritchler D, Boyd NF. The risk of breast cancer
associated with mammographic parenchymal patterns: a meta-analysis
of the published literature to examine the effect of method of classifica-
tion. Cancer Detect Prev. 1992;16(1):67-72.

. Pettersson A, Hankinson SE, Willett WC, Lagiou P, Trichopoulos D,

Tamimi RM. Nondense mammographic area and risk of breast cancer.
Breast Cancer Res. 2011;13(5):R100.

. Rauh C, Hack CC, Haberle L, et al. Percent mammographic density and

dense area as risk factors for breast cancer. Geburtshilfe Frauenheilkd.
2012;72:727-733.

. Travis LB, Hill D, Dores GM, et al. Cumulative absolute breast cancer

risk for young women treated for Hodgkin lymphoma. J Nat/ Cancer
Inst. 2005;97(19):1428-1437.

. Claus EB, Risch N, Thompson WD. Genetic analysis of breast

cancer in the cancer and steroid hormone study. Am J Human Genet.
1991;48(2):232-242.

. Gail MH, Brinton LA, Byar DP, et al. Projecting individualized

probabilities of developing breast cancer for white females who are being
examined annually. J Natl Cancer Inst. 1989;81(24):1879-1886.

. Gail MH, Costantino JP, Pee D, et al. Projecting individualized absolute

invasive breast cancer risk in African American women. J Natl Cancer
Inst. 2007;99(23):1782-1792.

. Matsuno RK, Costantino JP, Ziegler RG, et al. Projecting individualized

absolute invasive breast cancer risk in Asian and Pacific Islander
American women. J Natl Cancer Inst. 2011;103(12):951-961.

Claus EB, Risch N, Thompson WD. The calculation of breast cancer
risk for women with a first degree family history of ovarian cancer.
Breast Cancer Res Treat. 1993;28(2):115-120.

Parmigiani G, Berry D, Aguilar O. Determining carrier probabilities for
breast cancer-susceptibility genes BRCA1 and BRCA2. Am J Human
Genet. 1998;62(1):145-158.

Tyrer J, Duffy SW, Cuzick J. A breast cancer prediction model incor-
porating familial and personal risk factors. Stat Med. 2004;23(7)1111-
1130.

Gabriel EM, Jatoi 1. Breast cancer chemoprevention. Expert Rev
Anticancer Ther. 2012;12(2):223-228.

Hong WK, Sporn MB. Recent advances in chemoprevention of cancer.
Science. 1997;278(5340):1073-1077.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Fisher B, Costantino JP, Wickerham DL, et al. Tamoxifen for pre-
vention of breast cancer: report of the National Surgical Adjuvant
Breast and Bowel Project P-1 Study. J Natl Cancer Inst. 1998;90(18):
1371-1388.

Fisher B, Costantino JP, Wickerham DL, et al. Tamoxifen for the pre-
vention of breast cancer: current status of the National Surgical Adjuvant
Breast and Bowel Project P-1 study. J Nat/ Cancer Inst. 2005;97(22):
1652-1662.

Veronesi U, Maisonneuve P, Costa A, et al. Prevention of breast cancer
with tamoxifen: preliminary findings from the Italian randomised trial
among hysterectomised women. Italian Tamoxifen Prevention Study.
Lancet. 1998;352(9122):93-97.

Veronesi U, Maisonneuve P, Rotmensz N, et al; Italian Tamoxifen
Study Group. Tamoxifen for the prevention of breast cancer: late results
of the Italian Randomized Tamoxifen Prevention Trial among women
with hysterectomy. J Nat! Cancer Inst. 2007;99(9):727-737.

Powles T, Eeles R, Ashley S, et al. Interim analysis of the incidence
of breast cancer in the Royal Marsden Hospital tamoxifen randomised
chemoprevention trial. Lancet. 1998;352(9122):98-101.

Powles TJ, Ashley S, Tidy A, Smith IE, Dowsett M. Twenty-year follow-
up of the Royal Marsden randomized, double-blinded tamoxifen breast
cancer prevention trial. J Natl Cancer Inst. 2007;99(4): 283-290.
Cuzick J, Forbes J, Edwards R, et al; IBIS investigators. First results
from the International Breast Cancer Intervention Study (IBIS-I):
a randomised prevention trial. Lancet. 2002;360(9336):817-824.
Cuzick J, Forbes JF, Sestak I, et al; International Breast Cancer
Intervention Study I Investigators. Long-term results of tamoxifen
prophylaxis for breast cancer — 96-month follow-up of the randomized
IBIS-I trial. J Natl Cancer Inst. 2007;99(4):272-282.

Cuzick J, Powles T, Veronesi U, et al. Overview of the main outcomes
in breast-cancer prevention trials. Lancet. 2003;361(9354):296-300.
Atkinson C, Warren R, Bingham SA, Day NE. Mammographic patterns
as a predictive biomarker of breast cancer risk: effect of tamoxifen.
Cancer Epidemiol Biomarkers Prev. 1999;8(10):863-866.

Brisson J, Brisson B, Coté G, Maunsell E, Bérubé S, Robert J. Tamoxifen
and mammographic breast densities. Cancer Epidemiol Biomarkers
Prev. 2000;9(9):911-915.

Cuzick J, Warwick J, Pinney E, Warren RM, Duffy SW. Tamoxifen
and breast density in women at increased risk of breast cancer. J Natl
Cancer Inst. 2004;96(8):621-628.

Cuzick J, Warwick J, Pinney E, et al. Tamoxifen-induced reduction
in mammographic density and breast cancer risk reduction: a nested
case-control study. J Natl Cancer Inst. 2011;103(9):744-752.
Raloxifene [package insert]. USA: Eli Lilly and Company; 2007.
Ettinger B, Black DM, Mitlak BH, et al. Reduction of vertebral frac-
ture risk in postmenopausal women with osteoporosis treated with
raloxifene: results from a 3-year randomized clinical trial. Multiple
Outcomes of Raloxifene Evaluation (MORE) Investigators. J4MA.
1999;282(7):637-645.

Cauley JA, Norton L, Lippman ME, et al. Continued breast cancer
risk reduction in postmenopausal women treated with raloxifene:
4-year results from the MORE trial. Multiple outcomes of raloxifene
evaluation. Breast Cancer Res Treat. 2001;65(2):125-134.
Cummings SR, Eckert S, Krueger KA, et al. The effect of raloxifene
on risk of breast cancer in postmenopausal women: results from the
MORE randomized trial. Multiple Outcomes of Raloxifene Evaluation.
JAMA. 1999;281(23):2189-2197.

Martino S, Cauley JA, Barrett-Connor E, et al; CORE Investigators.
Continuing outcomes relevant to Evista: breast cancer incidence in
postmenopausal osteoporotic women in a randomized trial of raloxifene.
J Natl Cancer Inst. 2004;96(23):1751-1761.

Vogel VG, Costantino JP, Wickerham DL, et al; National Surgical
Adjuvant Breast and Bowel Project (NSABP). Effects of tamoxifen vs
raloxifene on the risk of developing invasive breast cancer and other
disease outcomes: the NSABP Study of Tamoxifen and Raloxifene
(STAR) P-2 trial. JAMA. 2006;295(23):2727-2741.

Breast Cancer: Targets and Therapy 2014:6

submit your manuscript

69

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Advani and Moreno-Aspitia

Dove

44. Land SR, Wickerham DL, Costantino JP, et al. Patient-reported symp-
toms and quality of life during treatment with tamoxifen or raloxifene
for breast cancer prevention: the NSABP Study of Tamoxifen and
Raloxifene (STAR) P-2 trial. JAMA. 2006;295(23):2742-2751.

45. Vogel VG, Costantino JP, Wickerham DL, et al; National Surgical
Adjuvant Breast and Bowel Project. Update of the National Surgical
Adjuvant Breast and Bowel Project Study of Tamoxifen and Raloxifene
(STAR) P-2 Trial: preventing breast cancer. Cancer Prev Res (Phila).
2010;3(6):696-706.

46. Barrett-Connor E, Mosca L, Collins P, et al; Raloxifene Use for
The Heart (RUTH) Trial Investigators. Effects of raloxifene on
cardiovascular events and breast cancer in postmenopausal women.
N Engl J Med. 2006;355(2):125-137.

47. Cummings SR, Ensrud K, Delmas PD, et al; PEARL Study
Investigators. Lasofoxifene in postmenopausal women with
osteoporosis. N Engl J Med. 2010;362(8):686—696.

48. LaCroix AZ, Powles T, Osborne CK, et al; PEARL Investigators.
Breast cancer incidence in the randomized PEARL trial of lasofox-
ifene in postmenopausal osteoporotic women. J Natl Cancer Inst.
2010;102(22):1706—-1715.

49. Cummings SR, McClung M, Reginster JY, et al. Arzoxifene for preven-
tion of fractures and invasive breast cancer in postmenopausal women.
J Bone Miner Res. 2011;26(2):397-404.

50. Powles TJ, Diem SJ, Fabian CJ, et al. Breast cancer incidence in
postmenopausal women with osteoporosis or low bone mass using
arzoxifene. Breast Cancer Res Treat. 2012;134(1):299-306.

51. Goss PE, Strasser K. Aromatase inhibitors in the treatment and preven-
tion of breast cancer. J Clin Oncol. 2001;19(3):881-894.

52. Baum M, Budzar AU, Cuzick J, et al. Anastrozole alone or in combi-
nation with tamoxifen versus tamoxifen alone for adjuvant treatment
of postmenopausal women with early breast cancer: first results of the
ATAC randomised trial. Lancet. 2002;359(9324):2131-2139.

53. Coombes RC, Hall E, Gibson LJ, et al; Intergroup Exemestane Study.
A randomized trial of exemestane after two to three years of tamoxifen
therapy in postmenopausal women with primary breast cancer. N Engl
J Med. 2004;350(11):1081-1092.

54. Goss PE, Ingle JN, Martino S, et al. A randomized trial of letrozole
in postmenopausal women after five years of tamoxifen therapy for
early-stage breast cancer. N Engl J Med. 2003;349(19):1793—-1802.

55. Goss PE, Ingle JN, Alés-Martinez JE, et al; NCIC CTG MAP3 Study
Investigators. Exemestane for breast-cancer prevention in postmeno-
pausal women. N Engl J Med. 2011;364(25):2381-2391.

56. Cuzick J, Sestak I, Forbes JE, et al; on behalf of the IBIS-II investigators.
Anastrozole for prevention of breast cancer in high-risk postmenopausal
women (IBIS-II): an international, double-blind, randomised placebo-
controlled trial. Lancet. Epub December 12, 2013.

57. Cuzick J, Sestak I, Bonanni B, et al; SERM Chemoprevention of Breast
Cancer Overview Group. Selective oestrogen receptor modulators in
prevention of breast cancer: an updated meta-analysis of individual
participant data. Lancet. 2013;381(9880):1827-1834.

58. Bosetti C, Rosato V, Gallus S, Cuzick J, La Vecchia C. Aspirin and
cancer risk: a quantitative review to 2011. 4nn Oncol. 2012;23(6):
1403-1415.

59. Takkouche B, Regueira-Mendez C, Etminan M. Breast cancer and use
of nonsteroidal anti-inflammatory drugs: a meta-analysis. J Nat! Cancer
Inst. 2008;100(20):1439—1447.

60. Cook NR, Lee IM, Gaziano JM, et al. Low-dose aspirin in the pri-
mary prevention of cancer: the Women’s Health Study: a randomized
controlled trial. JAMA. 2005;294(1):47-55.

61. Zhang X, Smith-Warner SA, Collins LC, Rosner B, Willett WC,
Hankinson SE. Use of aspirin, other nonsteroidal anti-inflammatory
drugs, and acetaminophen and postmenopausal breast cancer incidence.
J Clin Oncol. 2012;30(28):3468-3477.

62. Holmes MD, Chen WY, Li L, Hertzmark E, Spiegelman D, Hankinson SE.
Aspirin intake and survival after breast cancer. J Clin Oncol. 2010;28(9):
1467-1472.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

Gunter MJ, Hoover DR, Yu H, et al. Insulin, insulin-like growth factor-1,
and risk of breast cancer in postmenopausal women. J Natl Cancer Inst.
2009;101(1):48-60.

Col NE, Ochs L, Springmann V, Aragaki AK, Chlebowski RT. Metformin
and breast cancer risk: a meta-analysis and critical literature review.
Breast Cancer Res Treat. 2012;135(3):639—-646.

Chlebowski RT, McTiernan A, Wactawski-Wende J, et al. Diabetes,
metformin, and breast cancer in postmenopausal women. J Clin Oncol.
2012;30(23):2844-2852.

Nelson ER, Wardell SE, Jasper JS, et al. 27-Hydroxycholesterol links
hypercholesterolemia and breast cancer pathophysiology. Science.
2013;342(6162):1094-1098.

Visvanathan K, Hurley P, Bantug E, et al. Use of pharmacologic
interventions for breast cancer risk reduction: American Society of
Clinical Oncology clinical practice guideline. J Clin Oncol. 2013;31(23):
2942-2962.

King MC, Wieand S, Hale K, et al; National Surgical Adjuvant Breast
and Bowel Project. Tamoxifen and breast cancer incidence among
women with inherited mutations in BRCA1 and BRCA2: National
Surgical Adjuvant Breast and Bowel Project (NSABP-P1) Breast Cancer
Prevention Trial. JAMA. 2001;286(18):2251-2256.

World Cancer Research Fund/American Institute for Cancer Research.
Food, Nutrition, Physical Activity, and the Prevention of Cancer:
a Global Perspective. Washington DC: AICR, 2007.

Hamajima N, Hirose K, Tajima K, et al; Collaborative Group on
Hormonal Factors in Breast Cancer. Alcohol, tobacco and breast
cancer — collaborative reanalysis of individual data from 53 epi-
demiological studies, including 58,515 women with breast cancer
and 95,067 women without the disease. Br J Cancer. 2002;87(11):
1234-1245.

Smith-Warner SA, Spiegelman D, Yaun SS, et al. Alcohol and
breast cancer in women: a pooled analysis of cohort studies. JAMA.
1998;279(7):535-540.

Larsson SC, Giovannucci E, Wolk A. Folate and risk of breast cancer:
a meta-analysis. J Natl Cancer Inst. 2007;99(1):64-76.

Zhang SM, Lee IM, Manson JE, Cook NR, Willett WC, Buring JE.
Alcohol consumption and breast cancer risk in the Women’s Health
Study. Am J Epidemiol. 2007;165(6):667—-676.

Zhang SM, Willett WC, Selhub J, et al. Plasma folate, vitamin B6,
vitamin B12, homocysteine, and risk of breast cancer. J Natl Cancer
Inst. 2003;95(5):373-380.

Boyd NF, Stone J, Vogt KN, Connelly BS, Martin LJ, Minkin S. Dietary
fat and breast cancer risk revisited: a meta-analysis of the published
literature. Br J Cancer. 2003;89(9):1672—1685.

Prentice RL, Caan B, Chlebowski RT, et al. Low-fat dietary pattern
and risk of invasive breast cancer: the Women’s Health Initiative
Randomized Controlled Dietary Modification Trial. J Am Med Assoc.
2006;295(6):629-642.

Missmer SA, Smith-Warner SA, Spiegelman D, et al. Meat and dairy
food consumption and breast cancer: a pooled analysis of cohort studies.
Int J Epidemiol. 2002;31(1):78-85.

Taylor EF, Burley VJ, Greenwood DC, Cade JE. Meat consumption and
risk of breast cancer in the UK Women’s Cohort Study. Br J Cancer.
2007;96(7):1139-1146.

Willett WC. Nurses’ Health Study I (NHS 1I): risk factors for breast cancer
among younger nurses [webpage on the Internet]. Bethesda, MD: National
Cancer Institute [updated March 22, 2013]. Available from: http://epi.grants.
cancer.gov/Consortia/members/nhs2.html. Accessed December 2013.
Foulkes WD. Inherited susceptibility to common cancers. N Engl J Med.
2008;359(20):2143-2153.

Pharoah PD, Antoniou A, Bobrow M, Zimmern RL, Easton DF,
Ponder BA. Polygenic susceptibility to breast cancer and implications
for prevention. Nat Genet. 2002;31(1):33-36.

Weischer M, Bojesen SE, Tybjaerg-Hansen A, Axelsson CK,
Nordestgaard BG. Increased risk of breast cancer associated with
CHEK2*1100delC. J Clin Oncol. 2007;25(1):57-63.

70 submit your manuscript

Dove

Breast Cancer: Targets and Therapy 2014:6


www.dovepress.com
www.dovepress.com
www.dovepress.com
http://epi.grants.cancer.gov/Consortia/members/nhs2.html
http://epi.grants.cancer.gov/Consortia/members/nhs2.html

Dove

Breast cancer prevention

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

NCCN Guidelines® [webpage on the Internet]. Fort Washington, PA:
National Comprehensive Cancer Network. Available from: http://
www.ncen.org/professionals/physician_gls/f_guidelines.asp#genetics_
screening. Accessed December 2013.

Saslow D, Boetes C, Burke W, et al; American Cancer Society Breast
Cancer Advisory Group. American Cancer Society guidelines for breast
screening with MRI as an adjunct to mammography. CA Cancer J Clin.
2007;57(2):75-89.

Hartmann LC, Schaid DJ, Woods JE, et al. Efficacy of bilateral prophy-
lactic mastectomy in women with a family history of breast cancer. N
Engl J Med. 1999;340(2):77-84.

Hartmann LC, Sellers TA, Schaid DJ, et al. Efficacy of bilateral pro-
phylactic mastectomy in BRCA1 and BRCA2 gene mutation carriers.
J Natl Cancer Inst. 2001;93(21):1633-1637.

Meijers-Heijboer H, van Geel B, van Putten WL, et al. Breast cancer
after prophylactic bilateral mastectomy in women with a BRCA1 or
BRCA2 mutation. N Engl J Med. 2001;345(3):159—164.

Rebbeck TR, Friebel T, Lynch HT, et al. Bilateral prophylactic mastec-
tomy reduces breast cancer risk in BRCA 1 and BRCA2 mutation carriers:
the PROSE Study Group. J Clin Oncol. 2004;22(6):1055-1062.
Eisen A, Lubinski J, Klijn J, et al. Breast cancer risk following bilateral
oophorectomy in BRCA1 and BRCA2 mutation carriers: an interna-
tional case-control study. J Clin Oncol. 2005;23(30):7491-7496.
Rebbeck TR, Kauff ND, Domchek SM. Meta-analysis of risk reduc-
tion estimates associated with risk-reducing salpingo-oophorectomy in
BRCA1 or BRCA2 mutation carriers. J Natl Cancer Inst.2009;101(2):
80-87.

Rebbeck TR, Levin AM, Eisen A, et al. Breast cancer risk after bilateral
prophylactic oophorectomy in BRCA 1 mutation carriers. J Natl Cancer
Inst. 1999;91(17):1475-1479.

Rebbeck TR, Lynch HT, Neuhausen SL, et al; Prevention and
Observation of Surgical End Points Study Group. Prophylactic
oophorectomy in carriers of BRCA1 or BRCA2 mutations. N Engl J
Med. 2002;346(21):1616-1622.

Kauff ND, Domchek SM, Friebel TM, et al. Risk-reducing salpingo-
oophorectomy for the prevention of BRCA1- and BRCA2-associated
breast and gynecologic cancer: a multicenter, prospective study. J Clin
Oncol. 2008;26(8):1331-1337.

Kinsinger LS, Harris R, Woolf SH, Sox HC, Lohr KN. Chemoprevention
of breast cancer: a summary of the evidence for the US Preventive
Services Task Force. Ann Intern Med. 2002;137(1):59—69.

Breast Cancer: Targets and Therapy

Publish your work in this journal

Breast Cancer: Targets and Therapy is an international, peer-
reviewed open access journal focusing on breast cancer research,
identification of therapeutic targets and the optimal use of preven-
tative and integrated treatment interventions to achieve improved
outcomes, enhanced survival and quality of life for the cancer patient.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Freedman AN, Graubard BI, Rao SR, McCaskill-Stevens W,
Ballard-Barbash R, Gail MH. Estimates of the number of US women
who could benefit from tamoxifen for breast cancer chemoprevention.
J Natl Cancer Inst. 2003;95(7):526-532.

Taylor F, Huffman MD, Macedo AF, et al. Statins for the primary
prevention of cardiovascular disease. Cochrane Database Syst Rev.
2013;1:CD004816.

Waters EA, Cronin KA, Graubard BI, Han PK, Freedman AN.
Prevalence of tamoxifen use for breast cancer chemoprevention
among US women. Cancer Epidemiol Biomarkers Prev. 2010;19(2):
443-446.

Breast Screening. Available from: http://www.nccn.org/professionals/
physician_gls/pdf/breast-screening.pdf. Fort Washington, PA: National
Comprehensive Cancer Network; 2014. Accessed January 6, 2014.
Freedman AN, Yu B, Gail MH, et al. Benefit/risk assessment for breast
cancer chemoprevention with raloxifene or tamoxifen for women age
50 years or older. J Clin Oncol. 2011;29(17):2327-2333.

Stanford University.Phase II Trial - Breast Cancer Chemopreven-
tion by Lovastatin. Available from: http://clinicaltrials.gov/show/
NCT00285857. NLM identifier: NCT00285857. Accessed January
21,2014.

National Cancer Institute (NCI). A Phase I Prevention Study of
Atorvastatin in Women at Increased Risk for Breast Cancer. Available
from: http://clinicaltrials.gov/show/NCT00637481. NLM identifier:
NCT00637481. Accessed January 21, 2014.

UNICANCER. Letrozole in Preventing Breast Cancer in Postmeno-
pausal Women With a BRCA1 or BRCA2 Mutation (LIBER). Available
from: http:/clinicaltrials.gov/show/NCT00673335. NLM identifier:
NCT00673335. Accessed January 21, 2014.

Katherine D. Crew. Study of Vitamin D for Premenopausal Women
at High Risk for Breast Cancer. Available from: http://clinicaltrials.
gov/show/NCT00976339. NLM identifier: NCT00976339. Accessed
January 21, 2014.

New York University School of Medicine. Breast Cancer Chemopre-
vention by SOM230, an IGF-I Action Inhibitor: A Proof of Principle
Trial. Available from: http://clinicaltrials.gov/show/NCT01372644.
NLM identifier: NCT01372644. Accessed January 21, 2014.

Dove

View the full aims and scopes of this journal here. The manuscript
management system is completely online and includes a very quick
and fair peer-review system, which is all easy to use. Visit http://
www.dovepress.com/testimonials.php to read real quotes from
published authors.

Submit your manuscript here: http://www.dovepress.com/breast-cancer---targets-and-therapy-journal

Breast Cancer: Targets and Therapy 2014:6

submit your manuscript

Dove

71


http://www.dovepress.com/breast-cancer---targets-and-therapy-journal
http://www.dovepress.com/aims-and-scope-breast-cancer---targets-and-therapy-d159-j69
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://www.nccn.org/professionals/physician_gls/f_guidelines.asp#genetics_screening
http://www.nccn.org/professionals/physician_gls/f_guidelines.asp#genetics_screening
http://www.nccn.org/professionals/physician_gls/f_guidelines.asp#genetics_screening
http://www.nccn.org/professionals/physician_gls/pdf/breast-screening.pdf
http://www.nccn.org/professionals/physician_gls/pdf/breast-screening.pdf

	Publication Info 2: 
	Nimber of times reviewed: 


