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11.1 Clinical Picture of Disease

11.1.1 Symptoms

Prior to mammographic screening, the most
common initial symptom for breast cancer was a
palpable tumor. Occasionally, however, changes
in the nipple or spread to axillary lymph nodes or
distant metastases, often in the lung or bone,
prompted medical consultation. Mammographic
screening programs began in many developed
countries in the 1980s and uptake of such pro-
grams has increased globally. Today, many
breast cancers are diagnosed before symptoms
occur due to mammographic screening.

11.1.2 Diagnosis

When breast cancer is suspected on the basis of
clinical examination or mammography, patho-
logic confirmation is necessary before definitive
primary treatment. A core biopsy, fine needle
aspiration, or surgical biopsy can be used to
establish the diagnosis.

11.1.3 Histopathologic
and Molecular
Subtypes

Almost all breast cancers are adenocarcinomas.
Cancer in situ of the breast is now detected more
often due to widespread use of mammography.
The etiology and natural history of in situ cancers
and their relation to invasive cancer are largely
unknown. Therefore, this chapter focuses on
invasive cancer only. Invasive breast carcinomas
are often described as either ductal, the most
common type, or lobular. Current methods of
breast cancer classification group tumors into
genetically and molecularly defined intrinsic
subtypes including, but not limited to: luminal A,
luminal B, HER2-overexpressing, and triple
negative cancers [1]. Characteristics such as
estrogen receptor (ER), progesterone receptor
(PR), and HER2 status of the tumor are important
for prognosis and treatment decisions.

11.1.4 Treatment

Today, breast-conserving surgery is used
increasingly in combination with postoperative
radiation therapy, which limits local recurrences.
Moreover, adjuvant treatment with chemotherapy
or tamoxifen, an antiestrogen, has become part of
routine treatment for ER-positive tumors. The
most recent clinical guidelines are now recom-
mending the inclusion of aromatase inhibitors as
an initial therapy, or after tamoxifen therapy, for
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postmenopausal women with estrogen receptor
positive (ER+) breast cancer. Women with
HER2-positive cancers are likely to benefit from
treatment with HER2 targeted therapies such as
trastuzumab (Herceptin) or lapatinib (Tykerb).

11.1.5 Prognosis

In the United States (U.S.), overall 5-year breast
cancer relative survival rates have been increasing
over time. Among women diagnosed in 1986–
1993, 5-year relative survival was 84.2 %, and this
increased to91 %in2007.This reflects both earlier
detection through mammography and improved
treatment. It shouldbenoted that the 5-year relative
survival rates are substantially higher amongwhite
women compared with black women.

11.2 Descriptive Epidemiology
of Breast Cancer

11.2.1 Burden of Disease

Breast cancer is one of the most common cancers
among women in the U.S., accounting for 32 % of

all incident cancers among women [2, 3] and
affecting approximately 232,670 women per year
[4]. Breast cancer is rare among men of all ages
and women who are younger than 30 years[2].
Incidence rates increase over a lifetime, slowing
down around menopause (Fig. 11.1); the inci-
dence rate for women age 30–34 is 25 per 100,000,
for women age 45–49 is 190 per 100,000, and for
women age 70–74 is 455 per 100,000. Addition-
ally, the lifetime risk of being diagnosed through
age 85 for U.S. women is 1 in 8 (12.3 %) [4].

Breast cancer is the second leading cause of
cancer death among U.S. women, after lung
cancer, which is the leading cause of cancer
death among women [2]. Approximately 40,000
women die per year from breast cancer [4].
Breast cancer is the leading cause of death
among women age 40–55 [2]. However, the
lifetime risk of death from breast cancer is low
(3.4%) [5]. As of 2012, there are approximately
2.9 million breast cancer survivors (i.e., women
who have been diagnosed with breast cancer who
are alive) in the U.S. [4].

Breast cancer incidence and mortality rates
vary significantly by race and ethnicity. His-
panic, Asian, and American Indian women have
the lowest incidence rates of breast cancer, while

Fig. 11.1 Age incidence and mortality curves for breast
cancer in the U.S. for African American women and
non-Hispanic white women (SEER Research Data 1973–
2012; Fast Stats: an interactive tool for access to SEER

cancer statistics. Surveillance Research Program, National
Cancer Institute. http://seer.cancer.gov/faststats.)
(Accessed on 11-21-2015)
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white and African American women have the
highest incidence rates. Overall, white U.S.
women have the highest lifetime risk (12.8 %) of
breast cancer, while African American women
have a slightly lower life time risk of 10.1 % [6].
However, African American women have higher
incidence rates before age 40 and also have
higher rates of more aggressive breast cancer
subtypes such as estrogen receptor negative (ER
−) breast cancers compared with white women
[7]. White women also have the highest
age-adjusted incidence rate (137 per 100,000 vs.
118 per 100,000) compared to all other
race/ethnicities. Although white women have
higher lifetime risk and age-adjusted incidence
rates, they have lower mortality rates than Afri-
can American women (Fig. 11.2) [6, 7]. African
American women have a 3.4 % (30.8 per
100,000) risk of dying from breast cancer com-
pared to a 3.1 % (22.7 per 100,000) for white
women [5, 6].

11.2.2 Incidence and Mortality
Trends

Breast cancer incidence (Fig. 11.3) and mortality
trends (Fig. 11.4) have varied over time in the U.

S. Breast cancer incidence has increased in all age
groups since 1930, averaging 1.4 % increase in
age-adjusted incidence per year from 1950–2000
[8]. This increase has increased more sharply in
older women and young African American
women (22 %) [6, 7]. Increases since the 1930s
may be attributable to the changing prevalence of
breast cancer risk factors including changes in
reproductive patterns, increasing exogenous hor-
mone use, and increasing postmenopausal body
mass index (BMI). Moreover, increases in inci-
dence rates seen since the 1980s can be attributed
in part to widespread uptake of screening mam-
mography [9–14]. Additionally, from 2001 to
2004, a decrease in incidence rates (3.5 %)
occurred possibly due to the 2002 Women’s
Health Initiative (WHI) finding that estrogen plus
progestin menopausal hormone therapy increased
breast cancer risk for postmenopausal women
(See Sect. 11.4.6) [8, 15]. From 2006 to 2010,
overall breast cancer incidence rates increased
slightly among African Americans (0.2 % per
year) and decreased among Hispanic women,
with no change in other racial groups [7].

In 2008, breast cancer incidence rates varied by
more than 13-fold [16], with the highest rates
observed in Europe and North America and the
lowest rates in Asia. This likely reflects a

Fig. 11.2 Breast Cancer Incidence and Mortality Rates
(per 100,000) by Race and Ethnicity (SEER Research
Data 1973-2012; Fast Stats: An interactive tool for access

to SEER cancer statistics. Surveillance Research Program,
National Cancer Institute. http://seer.cancer.gov/faststats.)
(Accessed on 11-21-2015)
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combination of differences in breast cancer
screening, reporting, and risk factor exposure rates.
Migrant studies, in which changes in breast cancer
rates are evaluated in womenwhomove from low-
tohigh-risk countries—orviceversa—haveshown
that the rates of the host country are assumed over
time, frequently one or two generations later [17,
18]. These data indicate that international differ-
ences in breast cancer rates may be due, at least in
part, to environmental and lifestyle differences.

Age-adjusted mortality rates were stable from
1950s to 1980s [19], with a slight decrease in
mortality in the 1980s–1990s likely due to
advances in treatment and screening [3]. Mor-
tality rates from the 1970s to 1990s continued to
decrease for young and old (>60) white women,
while increasing for African American women in
all age groups [20]. Recently, both white and
African American women have seen declines in
breast cancer mortality rates, although the decline

Fig. 11.3 Age-Adjusted Incidence Rates (per 100,000)
of Female Breast Cancer from 1975–2012 (SEER
Research Data 1973-2012; Fast Stats: An interactive tool

for access to SEER cancer statistics. Surveillance
Research Program, National Cancer Institute. http://seer.
cancer.gov/faststats.) (Accessed on 11-21-2015)

Fig. 11.4 Age-Adjusted Mortality Rates (per 100,000)
of Female Breast Cancer from 1975–2012 (SEER
Research Data 1973-2012; Fast Stats: An interactive tool

for access to SEER cancer statistics. Surveillance
Research Program, National Cancer Institute. http://seer.
cancer.gov/faststats.) (Accessed on 11-21-2015)
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was smaller for African American women (1.6 %
per year) when compared to white women
(2.3 % per year) [6]. However, there are still
disparities in 5-year survival rates between
African American and white women (79 % vs.
92 %, respectively) [6].

11.3 Breast Cancer Subtypes

11.3.1 Introduction

Breast cancer is a heterogeneous disease with
respect to its etiology, prognosis, and response to
therapy. ER status and tumor grade were among
the first important prognostic and predictive
factors. In the early 1970s, the first reliable assay
for testing ER status in tumors was available
[21]. Presence of ER is important for response to
specific treatments (e.g., tamoxifen, aromatase
inhibitors) and prognosis, and more recently may
define etiologic subtypes. Additionally, breast
cancer can also be characterized by menopausal
status at time of diagnosis and by histologic
subtype.

Recently, there have been large-scale efforts to
further characterize the distinct genetic and geno-
mic variation of breast tumors [22–24]. It was not
until the early 2000s that four major breast cancer
molecular subtypes were identified: luminal

A-like, luminal B-like, HER2+ type, and triple
negative (or basal-like) identified through gene
expression profiling and hierarchical clustering
analyses. As with ER status, these breast cancer
subtypes are associated with different etiologies,
risk factors, clinical outcomes, and treatment
options (Table 11.1) [25]. Large-scale epidemio-
logic studies have utilized immunohistochemical
staining for markers including ER, progesterone
receptor (PR), and human epidermal receptor 2
(HER2) (can also be assessed through fluorescent
in situ hybridization), epidermal growth factor
receptor (EGFR) and cytokeratin (CK) 5/6 as a
proxy for the gene expression [22]. Below is an
overview of these breast cancer subtypes as sum-
marized by the 2013 St. Gallen Consensus report
[22].

11.3.2 Luminal A-like

Luminal A-like breast cancer is the most common
breast cancer subtype accounting for 42–59 % of
all breast cancer cases and includes ER+/PR+/
HER2-cancers [26]. These cancers are low grade
1 or 2 and/or have low Ki-67 expression (prolif-
erative marker). Luminal A-like breast cancer
tends to be less aggressive, slow growing, and
more endocrine sensitive, thus associated with
better prognosis [7]. Endocrine therapy is the

Table 11.1 Summary of breast cancer subtypes, molecular markers, prevalence, and clinical characteristics

Subtype Markers Prevalence
(%)

Clinical characteristics

Luminal A-like ER+ and/or PR
+/HER2−/low
grade

42–59 Less aggressive, slow growing, endocrine sensitive.
Low recurrence rates

Luminal B-like ER+ and/or PR
+/HER+
Or
ER+ and/or PR
+/HER2-/high
grade

10–20 Aggressive, poor-prognosis, less estrogen sensitive.
High recurrence rates. High recurrence rates

HER2+ type ER-/PR-/HER2
+

10–20 Aggressive, poor short-term prognosis, more common
in younger women. High recurrence rates

Triple
negative/Basal-like

ER−/PR−/
HER2−

10–20 Fast growing, aggressive, often has a higher grade, and
tends to metastasize. High recurrence rates. More
common in African Americans, premenopausal women,
and those with the BRCA1 mutations
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primary treatment method and recurrence rates
for women diagnosed with luminal A-like tumors
are low [22].

11.3.3 Luminal B-like

Luminal B-like cancer account for 10–20 % of
breast cancer [7]. Similar to luminal A-like breast
cancer, most luminal B tumors are ER+/PR+.
However, luminal B-like breast cancer usually has
highexpressionofKi-67and includes bothHER2+
and HER2−. For luminal B-like HER2− cancer,
Ki-67 is high and PR is negative or low, while
luminalB-likeHER+exhibit awide range ofKi-67
andPR levels. Treatment for luminalB-like tumors
incorporates estrogen therapy with chemotherapy
and anti-HER2, as these have a worse prognosis,
are more aggressive, and less endocrine sensitive.
Furthermore, luminal B-like HER2-breast cancer
has a high recurrence rate [22].

11.3.4 HER2+ Type (Nonluminal)
or Erb-B2
Overexpressing

HER2+ type of breast cancer is defined by ER−/
PR−/HER2+, where HER2 is over expressed and
ER and PR are absent. HER2+ type of breast
cancer accounts for approximately 10 % of all
breast cancers [7]. These cancers tend to be more
aggressive and are associated with a poorer
short-term prognosis. Chemotherapy and more
recently anti-HER2 therapy are used in treat-
ment. The anti-HER2 targeted treatment regi-
mens have substantially improved prognosis
associated with this subtype [7].

11.3.5 Triple Negative/Basal-like

Triple negative breast cancer is defined by ER−/
PR−/HER2−, and represents a diverse group of
tumors. Basal-like cancers occur in about 10–
20 % of breast cancer, are more common in
African American women, premenopausal

women, and those with BRCA1 mutations, and
are associated with poorer short-term prognosis
[7]. In epidemiologic studies, triple negative
tumors can be further classified as basal-like if
they express either CK5/6 and/or EGFR. The
only standard treatment option available for triple
negative cancer is chemotherapy [22].

11.4 Breast Cancer Risk
Factors

11.4.1 Introduction

Epidemiological studies have convincingly
established a number of risk factors for breast
cancer. Many of these are reproductive factors
during the course of a woman’s life. A unifying
concept of these risk factors is that ovarian hor-
mones initiate breast development and that
monthly menstrual cycles induce regular breast
cell proliferation. Puberty is an important period
during breast development and is marked by a
surge of hormones that induce regular breast cell
proliferation. Pregnancy is also associated with
higher circulating hormone levels, and is associ-
ated with a transient short-term increased risk of
breast cancer. However, pregnancy and lactation
are also associated with terminal differentiation of
breast tissue and are associated with a reduced
risk of breast cancer long term. The monthly
pattern of cell division associated with regular
menstrual cycles terminates with menopause, as
indicated by cessation of ovulation and menstrual
periods. The integration of pathology data into
epidemiological studies of breast cancer has been
the key, as the etiology of breast cancer based on
molecular subtypes varies. The section below
summarizes established breast cancer risk factors,
as well as how these risk factors relate to specific
breast cancer subtypes. Table 11.2 provides a
summary of the established risk factors as well as
the strength of the association overall and by
ER/PR status [27–67]. Additionally, although the
data are more limited, we have also summarized
the current state of knowledge as it relates to risk
factors and intrinsic subtypes in Table 11.3.
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11.4.2 Age at Menarche

Later age at menarche has been consistently
associated with a lower risk of breast cancer [27].
Risk of cancer decreases by 5 % for every 1-year
delay in the start of menarche [28]. Brinton et al
[68] observed a 23 % lower breast cancer risk in
women who started menstruating after the age of
15 when compared to women who started men-
struation at 12 years or younger. More recent

results from the large pooling efforts of the
Collaborative Group on Hormonal Factors in
Breast Cancer [69] are consistent with previous
findings of a dose–response relationship between
age at menarche and risk of breast cancer.

Earliermenarchemay be associatedwith earlier
onset of regular ovulation menstrual cycles, which
leads to a greater lifetime exposure of endogenous
hormones [70]. The relation between age at
menarche and breast cancer may be modified by

Table 11.2 Summary of risk factors for breast cancer, strength of association, and association with hormone receptor
status

Comparisons Overall risk
ratio

Association by hormone
receptor (HR) status

Age at menarche 1 year delay 0.95 [28] Association evident for both
HR+ and HR−

Parity Nulliparous versus parous 1.2–1.7 [27] Association evident for HR+,
and maybe HR−

Breastfeeding Each year woman breastfeeds 0.93–0.96
[29]

Association evident for both
HR+ and HR−

Oral contraceptives Longer duration 1.24–1.54
[30–32]

Association evident for both
HR+ and HR−

Menopausal hormone
therapy

Longer duration (5+ years vs.
never)

1.30–1.47
[33–40]

Association evident only for
HR+

Early-life adiposity per 1-unit increase 0.88–0.91
[41]

Association evident for both
HR+ and HR-

BMI (only
premenopausal)

2 unit increment in BMI 0.9 [42] Association evident for both
HR+ and HR−

Weight gain since age 18 Gained 25 kg after age 18 versus
those that remained withing 2 kg
of weight since they were 18

2.0 [43] Association evident only for
HR+

Physical activity Recent total physical activity
(≥27 MET vs. <3 MET) and total
physical activity (active or
moderately active vs. not active)

0.81–0.92
[44, 45]

Association evident for both
HR+ and HR−

Family history Increasing number of affected
relatives (1, 2, or 3+ vs. no
family history)

1.5–3.90
[46–48]

Association evident for both
HR+ and HR-

Alcohol Increases with 1 drink per day 1.8–2.2 [49–
59]

Association evident only for
HR+

Age at menopause Increase in risk per increase in
year

1.03 [30] Association evident only for
HR+

Mammographic density >75 % vesus <5 % 4.64 [60] Association evident for both
HR+ and HR−

Circulating estrogen
(postmenopausal)

Increasing quartiles (all levels vs.
lowest)

1.2–2.4 [61–
64]

Association evident only for
HR+

Circulation androgens
(postmenopausal)

Increasing quintiles (highest
Q vs. lowest Q)

1.3–2.2 [61,
65–67]

Association evident only for
HR+
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menopausal status. A pooled analysis across
studies found that each additional year in delay of
menarche was associated with a stronger 9 %
decrease in premenopausal breast cancer com-
pared to a 4 % decrease in postmenopausal
women [71]. The relationship between age at
menarche and breast cancer also varies by
molecular subtype. Although earlier age at
menarche is inversely associated with both ER+/
PR+ and ER−/PR− breast cancers, the magnitude
of effect is greater for hormone receptor positive
cancers [72]. In a systematic review of 39 studies,
older age at menarche was consistently associated
with moderately decreased risk of triple negative
breast cancer [73]. These results were further
confirmed by a population-based study that found
that increases in age at menarche (per 2 years) are
inversely associated with risk of basal-like breast
cancer (Odds Ratio (OR) 0.8, 95 % Confidence
Interval (95 % CI) 0.7–0.9) [74]. Further sup-
porting these results, Millikan et al. [75] found that
earlier-onset menarche (age < 13 years old)
increased the risk of basal-like breast cancer (OR
1.4, 95 % CI 1.1–1.9). Older age at menarche
appears to also decrease risk for luminalA-like and
luminal B-like breast cancer [73]. There is no clear
relationship between age atmenarche and between
HER2+ breast cancer.

11.4.3 Parity and Age at First
Birth

Parity is often defined as the number of times a
women has had a full-term pregnancy or preg-
nancy lasting >20 weeks [76]. In general, nulli-
parous women have increased risk of breast cancer
compared with parous women [27]. However, the
strength of association depends on the age of a
woman’s first birth; a younger age at first term
pregnancy is associated with a lower lifetime risk
of breast cancer [27]. Research suggests that the
protective effect of pregnancy takes 10–15 years
to manifest [77]. In fact, there is a transient
increase in risk of breast cancer for the first ten
years after pregnancy [78, 79]. The dual effects of
pregnancy on breast cancer are attributed to the
proliferation of breast cells during pregnancy
which may lead to growth of mutated cells (in-
creasing risk) as well as the differentiation of
mature breast cellsmaking them less susceptible to
carcinogens (decreasing risk). A higher number of
births have also been consistently associated with
a reduced risk of breast cancer [80]. Some studies
also suggest that more closely spaced births are
more protective for breast cancer.

The relationship between parity varies by
breast cancer subtype. Greater parity is associated

Table 11.3 Summary of association between breast cancer risk factors by subtype and direction of association

Risk factors

Older
age at
menarche

Higher
parity

Breastfeeding Oral
contraceptives

Higher BMI in
premenopausal
women

Weight
gain
since
age 18

Family
History

Alcohol

Luminal
A-like

− − − − − + + +

Luminal
B-like

− ‡ − ‡ + * + + ‡

HER2+
type

‡ ‡ ‡ ‡ ‡ ‡ + +

Triple
Negative/
Basal-like

− + − + + ‡ + ‡

‡ Lack of evidence/no association
− Inverse association
+ Positive association
* Postmenopausal women only
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with a reduced risk for luminal A-like cancer [73],
while it may increase risk for triple
negative/basal-like cancer [75, 81–85]. There is
no clear relationship between parity and HER2+
or luminal B-like breast cancer [73]. Younger age
at first birth was also associated with decreased
risk of luminal A-like and luminal B-like cancer,
with stronger protective effect for luminal-A
cancer in women with greater parity [83–85].

11.4.4 Breastfeeding

Longer breast feeding duration (≥6 months) has
consistently been associated with a reduced risk
of breast cancer. There is also strong evidence
that the relationship is dose-dependent and is
independent of parity. In a pooled analysis of 47
studies from 30 countries (N = 50,302 cases and
N = 96,973 controls), the relative risk of breast
cancer is reduced by 4.3 % (95 % CI 2.9–5.8 %)
for each year that a women breastfeeds and by
7.0 % (95 % CI 5.0–9.0 %) for each birth [29].
After adjusting for parity, the relative risk for ever
versus never having breastfed was 0.96
(p = 0.04) [29]. The two main mechanisms by
which lactation may reduce risk of breast cancer
are: (1) delaying regular ovulatory cycles, and
(2) further terminal differentiation of breast tissue.

Longer breastfeeding duration is protective for
luminal A-like, luminal B-like, and triple negative
(or basal-like) breast cancer [75], with inconclu-
sive results for HER2+ type [73]. Additionally,
lactation may mitigate the increased risk of ER−/
PR− breast cancer subtypes associated with parity
[86]. The relationship between breast feeding and
basal-like tumors is one of the most consistent
protective factors for basal-like tumors and rep-
resents an opportunity for preventing this
aggressive breast cancer subtype.

11.4.5 Oral Contraceptives

The hypothesis that oral contraceptive use
increases the risk of breast cancer was first pro-
posed several decades, and more than 50 studies
to date have investigated the association.

Most epidemiological studies find no signifi-
cant increase in breast cancer risk associated with
ever use or duration of use and risk of breast
cancer [30]. However, current and recent users of
oral contraceptives have a small increased risk of
breast cancer compared with never users (Rela-
tive Risk (RR) 1.2, 95 % CI 1.2–1.3) [30], and
the increased risk appears to be no longer evident
within 10 years after stopping use of oral con-
traceptives. Longer durations of use in young
women <35 years old appear to increase breast
cancer risk [31, 32], however it is unclear if this
relationship is confounded by the recency of use.
Additionally, age at first use of oral contracep-
tives may play a role in breast cancer risk [30].

It is important to note that majority of data in
epidemiologic studies contributing to the litera-
ture and large pooled analyses are based on early
formulations of oral contraceptives that had
higher doses of ethinyl estradiol and different
types of progestins than are currently available
[87, 88]. It is noteworthy that the patterns, dose,
and combination of use of oral contraceptives
have varied over time. Since the 1960s, age at
initiation of oral contraceptive has decreased,
duration of use has increased while the doses
have decreased. Most oral contraceptives contain
a combination of ethinyl estradiol and a pro-
gestin. In the 1960s, the ethinyl estradiol dose in
oral contraceptives was ≥100 mg. Today, the
ethinyl estradiol dose is around 20–30 mg [87,
88]. Additionally, the formulations have changed
over time with at least nine different progestins.
There is limited long-term data evaluating the
currently available formulations and breast can-
cer risk. Additionally, progestin-only contracep-
tives, long-acting contraceptives, and
implantable levonorgestrel (Norplant) have not
been thoroughly investigated and more research
is needed, as these are continuing to grow in
popularity.

Relatively few studies have evaluated the
association between oral contraceptives and
breast cancer subtype. There is some evidence
that oral contraceptives may be more strongly
associated with risk of triple negative cancers
than luminal A-like cancers [73, 84, 89]. In a
recent systematic review [73], there was
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insufficient data on HER2+ and Luminal B-like
cancers to understand their relationship with oral
contractive use.

11.4.6 Menopausal Hormone
Therapy

Menopausal hormone therapies containing
estrogens have been used for over half a century,
and over three dozen epidemiological studies, six
meta-analyses, and one larger pooled analysis
published over the past 30 years that investigate
associations with breast cancer risk. Most studies
have found that menopausal hormone therapy
use increases breast cancer risk; however, the
magnitude of risk depends on the formulations
used and duration of use [33–39]. Meta-analyses
have reported a 30–45 % increased risk of breast
cancer with greater than five years of use com-
pared with never use [33–38]. A large, prospec-
tive analysis in the Nurses’ Health Study [40]
found that the increased risk of breast cancer was
limited to women with current or recent use of
menopausal hormone therapy. Risk increased
with longer duration of current use (RRCurrent 5+

years versus never users 1.5, 95 % CI 1.2–1.8). In a
large, pooled analysis of epidemiological studies,
the association between current use of meno-
pausal hormone therapy and risk of breast cancer
was also strongest for those with the longest
duration of use; RR for <1 years was 1.1, 1–
4 years was 1.1, 1.2 for 5–9 years, 1.1 for 10–
14 years, and 1.6 for 15+ years [39].

A woman’s body weight may play a role in
the association of menopausal hormone therapy
and breast cancer risk. The magnitude of asso-
ciation between menopausal hormone use and
risk of breast cancer appears to be higher among
women who are leaner compared with heavier
women [39]. This different effect of hormone
therapy by BMI is consistent over many studies
including the Women’s Health Initiative, a ran-
domized control trial [90]. Further, for women
who quit using menopausal hormones, the
increased risk of breast cancer decreases and is
similar to never users after quitting for 5 or more
years, regardless of their duration of use [39].

Estrogen only and estrogen plus progestin
(E&P) menopausal hormone therapies are both
associatedwith increased risk inbreast cancer,with
a slightly higher risk seen in women who use E&P
compared to estrogen only. Increases in breast
cancer risk were seen in the Breast Cancer Detec-
tion and Demonstration Project [91] with recent
use of estrogenonly (RR1.2, 95 %CI1.0–1.4) and
E&P (RR 1.4, 95 % CI 1.1–1.8). Similarly, the
Million Women’s Study [92] observed increased
breast cancer risk for current users of preparations
containing estrogens only (RR 1.3, 95 % CI 1.2–
1.4), and a higher risk for E&P (RR 2.0, 95 % CI
1.9–2.1). However, results from the Million
Women’s Study suggested little differences in the
associations between specific estrogens and pro-
gestins, doses or regimen types (e.g., sequential vs.
continuous) [92]. Menopausal hormone therapy
use appears to be associated with an increased risk
of ER+ breast cancers, but not ER-cancers [93].
Given the large body of consistent evidence, the
International Agency for Research on Cancer
(IARC) has classified estrogen plus progestin
therapy as a human carcinogen [94].

A number of studies in the U.S. and globally
have reported declines in breast cancer incidence
rates after 2002 [8, 95–99], the year that the
Women’s Health Initiative trial published their
results on the positive association between E&P
therapyand increasedbreast cancer risk [100, 101].
Following this publication, the prescribing pattern
for menopausal hormone therapy dramatically
declined in the U.S. Although based on ecologic
data, the relatively rapid declines in breast cancer
incidence, specifically hormone receptor positive
cancers,mirroreddeclines inmenopausal hormone
therapy prescriptions suggesting that the decline in
incidence is attributable to reduced exposures to
combined hormone therapies [8, 99, 102].

11.4.7 Body Size Throughout the Life
Course

11.4.7.1 Introduction
The relationship between adiposity and breast
cancer risk varies over the life course. In general,
there is consistent evidence that adult
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premenopausal BMI is inversely related to risk of
premenopausal breast cancer, while post-
menopausal BMI is positively associated with
postmenopausal breast cancer risk. More recent
studies have provided consistent evidence that
adiposity early in life (e.g., childhood and ado-
lescence) is inversely associated with breast
cancer risk. Interestingly, this protective effect of
early-life body size is associated with both pre-
menopausal and postmenopausal breast cancer.
Below we discuss early-life body adiposity pre-
menopausal BMI, postmenopausal BMI, and
weight gain in relation to breast cancer risk.

11.4.7.2 Early-Life Body Size
There is consistent evidence that body fatness
during childhood and adolescence is associated
with a reduced risk of breast cancer, with the
effect lasting throughout lifetime [43, 103]. In the
Nurses’ Health Study II cohort [104], women
who were heavier at ages 5 and 10 had half the
risk of premenopausal breast cancer compared to
those who were leanest at these ages [41]. Sim-
ilarly, there is an inverse association between
BMI at age 18 (or 20) and breast cancer observed
in a number of other countries and racial/ethnic
groups [105–109]. Additionally, the strong
inverse association is observed for both ER+ and
ER− breast cancers [41, 106]. Few studies have
investigated early-life body size and breast can-
cer based on molecular subtype. Results from the
Carolina Breast Cancer Study show that women
who reported being heavier than their peers in
5th grade had a nonsignificant reduced risk of
basal-like breast cancer (OR 0.5, 95 % CI 0.2–
1.4) [75]. The mechanisms by which adiposity
early in life may reduce breast cancer risk are not
well understood. A few potential mechanisms
have been suggested including that girls who are
overweight may have slower sexual maturation,
slower pubertal growth [110], and more anovu-
latory cycles [111].

11.4.7.3 Premenopausal
and Postmenopausal
BMI

Prospective studies [43, 112] and meta-analyses
[42] have found an inverse relationship between

adult body weight and incidence of pre-
menopausal breast cancer. In a recent meta-
analysis [42], the relative risk was 0.94 (95 % CI
0.92–0.95) for a two unit (kg/m2) increase in
BMI in premenopausal women. One hypothesis
is that heavier premenopausal women have more
irregular menstrual cycles and increased rates of
anovulatory infertility, thus decreasing risk due
to fewer ovulatory cycles and less exposure to
ovarian hormones [113].

Although there is an inverse association
between BMI and premenopausal breast cancer,
there is only a weakly positive relationship or no
association observed in postmenopausal women
[112, 114, 115]. The lack of a strong association
appears to be due to the influence of the protective
effects of early pregnancy and lasting protective
effects of overweight early in life [43, 103].

11.4.7.4 Weight Gain
Weight gain in adulthood has been positively
associated with increasing breast cancer risk in
postmenopausal women. After menopause, the
main source of circulating estrogens is the adipose
tissue.Therefore, ahigher body fatpercentage after
menopause translates to a higher woman’s expo-
sure to estrogen. After menopause, obese women
have both higher levels of endogenous estrogen
and higher risk of breast cancer. An increased
breast cancer risk is also seen in individuals who
gain 25 kg after age 18; women who gained 25 kg
had two times the risk of breast cancer compared to
womenwhomaintained theirweightwithin twokg
[43]. Weight gain since age 18 has consistently
been associated with ER+ breast cancer subtypes
(luminal A and luminal B-like) [73]. Although the
data are more limited, there is a suggestion that
weight gain since age 18 may also be associated
with basal-like cancer [75].

11.4.8 Physical Activity

Epidemiological evidence suggests a possible
relationship between physical activity and breast
cancer risk, specifically in postmenopausal
women.Results fromoneof thefirst pooled studies
[116] (two case-control studies) on physical
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activity and breast cancer observed a significant
inverse association between total physical activity
andbreast cancer risk (OR0.9, 95 %CI0.8–1.0) as
well as specifically leisure time activity (OR 0.8,
95 %CI0.7–0.9) for the highest quintile versus the
lowest quintile [116]. Most recent studies from
large, prospective studies also observe inverse
associations forpostmenopausalbreast cancer.The
European Prospective Investigation into Cancer
(EPIC) cohort observed inverse associations with
household and recreational physical activity [44].
Total physical activity was also associated with a
decreased risk of breast cancer (Hazard ratio
(HR)active vs. inactive 0.87, 95 % CI 0.79–0.97;
HRmoderately active vs. inactive 0.92, 95 % CI 0.86–
0.99) [44]. Additionally, there was a suggestion
that the inverse association was strongest for ER+/
PR+ tumors. In the Nurses’ Health Study [45],
postmenopausal women who engaged in higher
amounts of recent total physical activity also had a
lower breast cancer risk (HR 0.9, 95 %CI 0.8–0.9;
≥27 MET [approximately 1 h/day of brisk walk-
ing] versus <3 MET (<1 h/week walking). In this
study, there was no evidence that the association
varied by hormone receptor status.

The modest inverse association between phys-
ical activity and breast cancer appears to be limited
to hormone receptor positive cancers in most but
not all studies. In the pooled case-control study
described above [116], leisure time activity since
age 50 was inversely associated with ER+/ PR+
cancers but not other subtypes. Recent results from
EPIC [44] also observed the strongest association
between recreational and household activity and
ER+/PR+ tumors (HR 0.84, 95 % CI 0.74–0.96,
active vs. inactive) and total physical activity (HR
0.88, 95 % CI 0.78–0.99, moderate active vs.
inactive), in line with results from the NIH-AARP
Diet and Health Study [117]. Total weekly energy
expenditure from recreational physical activity
(modest-low intensity) was inversely associated
with ER+ breast cancer.

11.4.9 Family History

Family history is a well-established and strong
risk factor for breast cancer. Results from the

Nurses’ Health Study [46] suggest that the
age-adjusted risk ratio was 1.8 (95 % CI 1.5–2.0)
for women with a maternal history of breast
cancer versus women who did not have a family
history of breast cancer. The strength of the
association with family history is stronger for
women whose mothers were diagnosed with
breast cancer at younger ages. For example,
women whose mothers were diagnosed before
the age of 40 had a more than twofold greater
risk (RR 2.1, 95 % CI 1.6–2.8). In contrast, for
women whose mothers were diagnosed at age
70 years or older, the RR was 1.5 (95 % CI 1.1–
2.2) [46]. In a pooled study by Pharoah et al.
[47], the relative risk estimates compared to
women with no family history were: for any
relative (RR 1.9, 95 % CI 1.7–2.0), first degree
relative (RR 2.1, 95 % CI 2.0–2.2), mother (RR
2.0, 95 % CI 1.8–2.1), sister (RR 2.3, 95 % CI
2.1–2.4), daughter (RR 1.8, 95 % CI 1.6–2.0),
mother and sister (RR 3.6, 95 % CI 2.5–5.0), and
second-degree relative(RR 1.5, 95 % CI 1.4–
1.6). The Collaborative Group on Hormonal
Factors in Breast Cancer [48] found that the risk
ratio increased with increasing number of affec-
ted relatives, with RR for one, two, and three or
more affected relatives of 1.8 (99 % CI 1.7–1.9),
2.9 (99 % CI 2.4–3.6), and 3.9 (99 % CI 2.0–
7.5), respectively [48]. Results from a systematic
review observed that a positive family history
was associated with a 1.5- to two-fold increased
risk of breast cancer for all subtypes compared
with women without a family history of breast
cancer [73].

Genetic epidemiology studies have sought to
uncover the extent to which inherited genetic
factors underlie the strong family history. The
proportion of breast cancer estimated to be due to
rare highly penetrant genetic mutations such as
BRCA1 and BRCA2 is small, approximately 3
[118]–10 % [119]. Hereditary syndromes such as
Li-Fraumeni syndrome and Cowden syndrome
are associated with increased risk of breast can-
cer. Li-Fraumeni syndrome is due to germline
mutations in the p53 gene [120], while Cowden
syndrome is due to germline mutations of the
PTEN gene [121]. The cumulative lifetime risk
of breast cancer in BRCA1 and BRCA2 carriers is
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estimated to range from 50 to 85 % [119]. These
highly penetrant genetic mutations are rare in the
population and account for less than 25 % of
familial breast cancer risk [122, 123].

There are also rare moderate penetrance
mutations in genes such as CHEK2, ATM, and
PALB2 that also increase breast cancer risk
[123]. These moderate penetrance gene muta-
tions are associated with an approximately two-
fold increased risk of breast cancer and only
explain 2–3 % of familial cases [124]. Most
recently, efforts have been focused on identifying
low-penetrance common genetic variants asso-
ciated with breast cancer. To date, more than 90
single nucleotide polymorphisms (SNPs) have
been identified through genome-wide association
studies [125–128]. Together, these SNPs are
estimated to account for 16 % of the familial risk
of breast cancer [128].

11.4.10 Alcohol

In a pooled analysis of epidemiological studies,
the risk of breast cancer increased monotonically
with increasing intake of alcohol [49]. A 10 g per
day (approximately 1 drink/day) increase in
alcohol increased breast cancer by 9 %. There
was also a modest effect observed for just one
alcoholic drink per day, with a 7 % increased risk
compared to never drinkers [49–51]. There does
not appear to be any difference in the association
by type of alcohol consumed, with similar effects
on breast cancer risk associated with beer, wine,
and liquor [51–53]. The positive association
between alcohol consumption and breast cancer
risk is possibly due to influences on circulating
hormone levels. In short-term feeding studies,
alcohol has been associated with increased total
and bioavailable estrogen in premenopausal
women [54], increased elevated plasma levels of
estrone [55], and increased plasma estradiol
levels in postmenopausal women [56].

Both recent adult alcohol consumption and
consumption early in life appear to influence risk
of breast cancer [57]. Women who drank regu-
larly before age 30 and later stopped had an
elevated risk of breast cancer similar to those

who kept drinking [58]. The Nurses’ Health
Study [59] reported that alcohol consumption
between 18–40 years of age and recent alcohol
consumption after age 40 were both indepen-
dently associated with an increased risk of breast
cancer.

Further supporting this finding, Liu et al.
[129] observed that cumulative drinking before
first pregnancy was strongly associated with risk
of ER+/PR+ breast tumors (RR = 1.8 per 10 g
per day; 95 % CI = 1.03–1.34). Moreover,
alcohol consumption has been positively associ-
ated with both HER2+ and luminal A-like breast
cancer [82]. Together, there is compelling evi-
dence for a causal relationship between alcohol
consumption and breast cancer risk. However,
the public health implications of this are complex
given that low to moderate alcohol consumption
is beneficial against cardiovascular disease risk
for both women and men [130]. However, lim-
iting alcohol consumption is one of the most
modifiable risk factors to reduce risk of breast
cancer.

11.4.11 Age at Menopause

Initial studies of age at menopause and breast
cancer risk were based on women who had
undergone bilateral oophorectomy at a young
age [131, 132]. Results from these early stud-
ies suggested that women with a bilateral
oophorectomy before age 45 years have approxi-
mately half the risk of breast cancer compared to
women who underwent natural menopause at age
55 years or older [131, 132]. Among women
experiencing natural menopause, for each year
delay in age at menopause breast cancer risk
increased by 3 % [30]. Earlier age at menopause
causes a reduction in endogenous hormone levels
with the termination of the menstrual cycle as
well as the number of breast cell divisions. There
is some evidence that age at menopause has
different associations with different breast
cancer subtypes. Four studies [74, 82, 85, 133]
observed an increased risk between older age at
menopause and luminal A-like cancer. Interest-
ingly, a similar positive relationship has
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also been observed for triple negative cancers,
although more research is needed. No obvious
pattern has been documented for age at meno-
pause and luminal B-like or HER2 positive
breast cancer [73].

11.4.12 Mammographic Density

Mammographic density can be defined as per-
centage of breast area on a mammogram com-
posed of dense breast tissue [60]. Radiologically
dense tissue can comprise connective and
epithelial tissue and appears light on mammo-
gram, while fat is radiologically lucent and
appears dark on mammogram. Mammographic
density is one of the strongest risk factors for
breast cancer; only age and BRCA carrier status
are associated with larger relative risks for breast
cancer. A meta-analysis by McCormack and dos
Santos Silva [60] found a strong dose–response
relationship between percent mammographic
density and risk of breast cancer. Relative to
women with <5 % mammographic density,
women with ≥75 % mammographic density had
a 4.6-fold (95 % CI 3.6–5.9) increased risk of
breast cancer. Importantly, dense tissue can mask
tumors on a mammogram [134–136]. Although
bias due to masking does exist, it cannot explain
the strong effects of breast density on breast
cancer risk, as noted by the associations evident
even 10 years after a mammogram [137–139].

The mechanism by which mammographic
density increases breast cancer risk is unclear,
although a number of hypotheses have been put
forward. The primary mechanisms suggested are
that mammographic density reflects: the number
of mammary stem cells ‘at risk’ of developing
breast cancer [140, 141]; the combined effects of
cell proliferation and genetic damage to prolif-
erating cells by mutagens [142]; and local
estrogen production in the breast [143].

Importantly, mammographic density has been
strongly associated with all breast cancer sub-
types. Although the magnitude of this association
may vary by subtype [144, 145] Bertrand et al.
[144] observed a positive association between
mammographic density and both ER+ and ER−

breast cancer, however the association was
stronger for ER− (OR51 % vs. 11–25 % =2.8, 95 %
CI 1.8–4.4) cancers than ER+ disease (OR51 % vs.

11–25 % 2.0, 95% CI 1. 6–2. 5) in women younger
than 55.

11.4.13 Circulating Hormones

11.4.13.1 Postmenopausal Hormone
Levels

Estrogens, progesterone, and prolactin all pro-
mote mammary tumors in animal models. In
clinical practice, antiestrogens are used to treat
breast cancer and as chemoprevention in
high-risk women. Estradiol circulates in the
blood either unbound (“free estradiol”) or bound
to sex hormone binding globulin (SHBG). Free
estradiol is believed to be readily available in
breast tissue, and therefore may be more strongly
related to breast cancer than total estradiol. In
postmenopausal women, estrone is the major
source of most circulating estradiol, while
estrone sulfate is the most abundant circulating
estrogen [146]. Results from a pooled analysis on
663 breast cancer cases and 1765 healthy con-
trols suggest that increasing prediagnostic levels
of postmenopausal estrogen are associated with
increased risk of breast cancer [61]. The relative
risk of breast cancer comparing extreme quintiles
of estradiol was 2.0 (95 % CI 1.5–2.7). Circu-
lating estrone, estrone sulfate, and free estradiol
were similarly related to an increased risk.

Androgens have been hypothesized to increase
breast cancer risk either directly, by increasing the
growth and proliferation of breast cancer cells, or
indirectly, by their conversion to estrogen [70]. In
the pooled analysis described above [61], circu-
lating androgens were positively associated with
breast cancer risk with a relative risk for extreme
quintiles of 2.2 (95 % CI 1.6–3.1).

As expected, the association between post-
menopausal circulating estrogens and breast
cancer are limited to hormone receptor positive
cancers [147]. The relative risk of estradiol,
highest versus lowest category, was 3.3 (95 % CI
2.0–5.4) for ER+/PR+ tumors and 1.0 (95 % CI
0.4–2.4) for ER−/PR− tumors. Similarly,
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the association between postmenopausal andro-
gens and breast cancer risk also appears to be
limited to hormone receptor positive cancers
[65–67].

11.4.13.2 Premenopausal Hormone
Levels

Data on premenopausal estrogen levels and
breast cancer risk are limited due to the com-
plexities of biospecimen sampling during the
menstrual cycle. Results from studies on pre-
menopausal estrogen are varied [62, 148, 149].
A case-control study nested within the EPIC
cohort [148] found no association between pre-
menopausal estradiol or estrone levels and breast
cancer risk. In the most recent analysis in the
Nurses’ Health Study II, Fortner et al. [149],
found no association between follicular levels of
estradiol, estrone, and free estradiol and risk of
total or invasive breast cancer. However, luteal
estradiol levels were positively associated with
ER+/ PR+ cancer (OR 1.7, 95 % CI 1.0–2.9).
The Endogenous Hormones and Breast Cancer
Collaborative Group [150] conducted a pooled
analysis to evaluate premenopausal hormone
levels and breast cancer risk in 767 breast cancer
cases and 1699 controls. Premenopausal estra-
diol, free estradiol, estrone, androstenedione,
DHEAS, and testosterone were all positively
associated with breast cancer risk, with ORs in
the highest quintile relative to the lowest equal to
1.4 (95 % CI 1.0–2.0), 1.2 (95 % CI 0.9–1.6),
1.5 (95 % CI 1.0–2.2), 1.7 (95 % CI 1.2–2.4),
1.5 (95 % CI 1.1–2.0), and 1.3 (95 % CI 1.0–
1.8), respectively.

11.5 Possible Breast Cancer Risk
Factors

11.5.1 Introduction

A number of proposed risk factors are currently
under investigation. The majority of risk factors
described above are associated with hormone
receptor positive breast cancers, which make up
the majority of breast cancers. It is plausible that
other risk factors that operate independent of sex

hormones may also influence breast cancer risk.
If these associations are limited to or are stronger
for hormone receptor negative breast cancer
subtypes, early studies that did not evaluate
subtype may have missed an association or have
been underpowered to evaluate hormone receptor
negative subtypes.

Recent literature has focused on identifying
modifiable risk factors to decrease breast cancer
risk, as modifying behavior would be the easiest
and most effective way for a person to decrease
their risk of breast cancer. Below, we summarize
the literature for two modifiable risk factors for
which there are accumulating data.

11.5.2 Tobacco

The relationship between cigarette smoking and
breast cancer risk has been evaluated in many
studies, however the data have been quite
inconsistent. Initial reports, overall, did not sup-
port any important association [151, 152].
However, more recent studies suggest that there
may be an association particularly among women
with early exposure prior to first pregnancy, long
durations of smoking and among women with
specific genetic mutations.

Large cohort studies have reported increased
risks for breast cancer among women with the
longest durations of smoking; those with signif-
icant findings had RRs ranging from 1.2 to 1.5
comparing long-term smokers with never smok-
ers [153–156]. A meta-analysis of 15 cohort
studies, found that current (HR 1.1, 95 % CI 1.1–
1.2) and former smoking (HR 1.1, 95 % CI 1.0–
1.2) were weakly associated with breast cancer
risk [157]. A stronger association (HR 1.2, 95 %
CI 1.1–1.3) was reported in women who initiated
smoking before first birth. The Canadian Expert
Panel on Tobacco Smoke and Breast Cancer Risk
(2009) [158] concluded that the relationship
between active smoking and breast cancer was
consistent with causality. They also considered
the association between second-hand smoke and
premenopausal breast cancer as consistent with
causality, however there was insufficient evi-
dence for postmenopausal breast cancer.
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11.5.3 Vegetables
and Carotenoids

Vegetables contain a number of micronutrients
including carotenoids, which are potent antioxi-
dants that may provide a defense against reactive
oxygen species which damage DNA and regulate
cell differentiation. Fruit and vegetable con-
sumption may decrease breast cancer risk, by
providing protection against oxidative stress
[159]. In early case-control studies, fruit and
vegetable [52] consumption was inversely asso-
ciated with breast cancer. However, in a more
recent pooled analysis of prospective studies
[160], there was no overall association between
fruit and vegetable consumption and breast can-
cer risk. However, there was a significant inverse
association between vegetable consumption and
ER− breast cancer (HR highest vs. lowest quintile of total

vegetable consumption 0.8, 95 % CI 0.7–0.9). Dietary
intake of fruits and vegetables may not be the best
measure of carotenoid intake. Blood levels may
better reflect the more biologically relevant
exposures of interest. A recent pooled analysis of
circulating carotenoids [161] found that total
carotenoids were associated with a significant
19 % reduced breast cancer risk. For many of the
carotenoids, the inverse association was stronger
for ER− cancer. For example, circulating β[beta]-
carotene had a 48 % reduced risk of ER− cancer
(RR highest versus lowest quintile 0.5, 95 % CI 0.4–
0.8); in contrast, only a 17 % reduced risk of ER+
breast cancer (RR 0.8, 95 % CI 0.7–1.0;
p-heterogeneity = 0.01). In sum, the data is sug-
gestive but not conclusive of a protective effect,
specifically for ER-negative breast cancer.

11.5.4 Vitamin D

Vitamin D is acquired through diet and sun
exposure. Vitamin D and its metabolites can
reduce cell proliferation, enhance apoptosis, and
inhibit tumor progression [162]. Higher dietary
intakes of vitamin D were associated with
reduced risk of breast cancer in the French E3N
cohort (HR 0.68, 95 % CI 0.54–0.85). Circulat-
ing levels of vitamin D are likely a more

integrated and better measure of vitamin D
exposure. A meta-analysis of nine prospective
studies found a nonlinear inverse association
between prediagnostic levels of
25-hydroxyvitamin D (25(OH)D) and breast
cancer among postmenopausal women [163]. In
contrast, no association was found among pre-
menopausal women. Because there is strong
mechanistic evidence and 25(OH)D levels can
easily be raised through supplementation, there
still remains a great deal of interest in resolving
the association between vitamin D and breast
cancer. A large, on-going, randomized control of
vitamin D supplementation may help to better
understand this association [164, 165].

11.6 Summary

In summary, there are anumber ofwell-established
risk factors for breast cancer. Many of these are
related to reproductive factors and circulating
hormones. As such, they are associated with hor-
mone receptor positive breast cancers. The under-
standing of hormones and breast cancer etiology
has been a cornerstone of breast cancer chemo-
prevention and treatment. Although many of the
risk factors are non-modifiable, there is evidence
around dietary factors and obesity that suggests
opportunities for breast cancer prevention. Future
work to identify risk factors and mechanisms for
less common subtypes of breast cancer such as
HER2 type and basal-likewill be important for risk
prediction and prevention.
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