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Abstract As prevalence of obesity continues to rise in the

United States, we are beginning to elucidate the complex

role of obesity-associated chronic inflammation, endocrine

dysfunction, and hormone production as a driver for

increased breast cancer risk. Epidemiological data suggest

that obesity (BMI[ 30) is associated with increased breast

cancer incidence, worse prognosis, and higher mortality

rates. Mechanistically, obesity and excess fat mass repre-

sent a state of chronic inflammation, insulin resistance,

adipokine imbalance, and increased estrogen signaling.

This pro-tumorigenic environment stimulates cancer

development through abnormal growth, proliferation, and

survival of mammary tissue. Importantly, obesity is a

modifiable risk factor; alterations in cell proliferation,

apoptosis, circulating estrogen, and insulin sensitivity are

observed in response to weight loss attainable through

behavior modification including dietary and exercise

changes.
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Introduction

Breast cancer is the second leading cause of cancer-related

death in US women; approximately, 1 in 8 women (12 %)

in the US will develop invasive breast cancer over the

course of her lifetime. According to the National Cancer

Institute Surveillance, Epidemiology, and End Results

(SEER) data [1], over 231,000 new cases of invasive breast

cancer will have been diagnosed in women in 2015, with

breast cancer incidence continuing to rise. Despite advan-

ces in diagnostic screening and cancer treatment, over

40,000 women in the US will have died from breast cancer

in 2015 [2].

Breast cancer is a heterogeneous disease that varies

based on molecular subtype, clinical-pathological presen-

tation, prognosis, and treatment. Tumor characteristics and

response to treatment vary based on tumor stage, tumor

grade, and expression of various receptors. Tumors are

histologically classified by receptor positivity, which

includes estrogen receptor (ER), progesterone receptor

(PR), and human epidermal growth factor receptor-2

(HER2). A variety of factors have been shown to impact an

individual’s risk of developing breast cancer and their

ultimate prognosis. Some of the more well-established risk
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factors include age, family history, and estrogen exposure

(nulliparity, hormone replacement therapy, and age at

menarche, first full-term pregnancy, and menopause) [3];

more recently, obesity has been identified as a modifiable,

lifestyle-associated risk factor. Obesity and weight gain

tends to be associated with ER receptor positivity [4, 5],

especially among the obese postmenopausal population [6].

Prior to menopause, ovarian synthesis is the main source of

estrogen production. Circulating estradiol levels after

menopause are proportional to fat mass and are directly

related to breast cancer risk [7, 8]. The relationship

between obesity and postmenopausal breast cancer appears

to be causal especially with evidence documenting a 50 %

reduction in risk of breast cancer seen among women who

lost and maintained more than 10 kg after menopause [7].

In this review, we will first discuss the controversial

definition of obesity. Then we will focus on the evidence

derived from population studies that link obesity to

increased risk of breast cancer and worse breast cancer

outcomes. We will summarize our current understanding of

the pathophysiology and molecular mechanisms of how

obesity can promote tumorigenesis. Finally, we will review

several obesity reduction methods as cost-effective strate-

gies to reduce breast cancer risk and improve breast cancer

outcomes.

Obesity—Definition

Obesity can be defined multiple ways, including body

weight, fat distribution (central vs. peripheral), and body

mass index (BMI [kg/m2]; body weight relative to height).

BMI 25–29.9 is considered overweight and greater than 30

is classified as obese (Table 1). While we have adopted the

BMI classification system for our definition of obesity, it is

important to note that body fat distribution has a significant

impact on health and hormone signaling.

Central adiposity has been found to be an independent

predictor of postmenopausal breast cancer risk and is an

important risk factor to consider as waist circumferences

continue to expand in the United States [8, 9]. Based on

BMI criteria, approximately 78.6 million adults in the U.S.

(35 %) are considered obese [10]. Specifically, the

prevalence of obesity among women aged 60 and older has

increased from 31.5 to 42 % over the past decade [9, 11].

Central adiposity, defined by waist-to-hip ratio greater than

0.80 in women and 0.95 in men, represents metabolically

active visceral fat that is associated with multiple health

risks, such as metabolic syndrome, coronary artery disease,

and many cancers [12]. BMI, however, is not an accurate

measure of adipose versus lean mass and does not take into

account fat distribution. As such, BMI is prone to overes-

timating fat mass in physically active people and under-

estimating fat mass in sarcopenic older patients [13••].

Compared to BMI, body composition more accurately

reflects metabolically active adipose tissue, with visceral

fat contributing significantly to metabolic changes [14, 15].

Nonetheless, BMI remains the most practical and widely

used parameter for defining obesity in populations.

Obesity is Linked to Increased Risk of Cancer

and Poor Cancer Outcomes

As presented by Wolin et al., historical data reveal that

obesity is a cause of cancer death in approximately 20 % of

women, which is especially significant considering the

prevalence of obesity and overweight had increased from

15 % in 1980 to 35 % in 2005. Further, they purport that

approximately 20 % of all cancer cases are attributed to

overweight and obesity [16].

Obesity has been linked to increased risk of breast

cancer and other epithelial malignancies [17••, 18]. Mul-

tiple studies have reported an increased relative risk rang-

ing from 1.5 to 2.5 for breast cancer among women with

BMI[ 30 [19–21]. Research has suggested that central

adiposity [9] as a measure of visceral fat may be a better

surrogate for increased risk of postmenopausal breast

cancer than other anthropometric qualifiers like BMI and

body weight [17, 22]. The Sister Study, a large, prospective

study found that waist circumference is independently

associated with both pre- and postmenopausal breast can-

cer risk [9]. Body fat distribution, lifetime weight history,

and weight fluctuations later in life also impact the disease.

Weight gain in adulthood is an established risk factor for

postmenopausal breast cancer [23]. Interestingly, when

looking at breast cancer risk factors, weight gain in

adulthood (20 to 50 years old) and BMI fall just below Gail

Model parameters (free estradiol, parity, age of menopause,

and quantitative breast density) in influence [24].

Epidemiological studies have suggested that obesity

worsens breast cancer prognosis, specifically via increased

incidence of recurrence, metastases, and mortality [25]. In

a prospective study of over 500,000 women, each succes-

sive increase in BMI was associated in a step-wise fashion

with worse breast cancer prognosis and increased mortality

in both pre- and postmenopausal women [26]. Obese

Table 1 Body mass index classifications

BMI (kg/m2) Description

\18 Underweight

18–24.9 Normal weight

25–29.9 Overweight

30–39.9 Obese

[40 Super obese
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women tend to be diagnosed at later stages with larger

primary tumors and greater likelihood of lymph node

involvement [27]. Obesity is associated with greater tumor

burden and higher grade of tumors at diagnosis [28, 29],

and has detrimental impact on mortality among breast

cancer patients regardless of menopausal status [30, 31]. It

is purported that nearly 50 % of deaths in postmenopausal

breast cancer patients can be linked to obesity [18].

Overweight and obesity has been estimated to directly

account for approximately 15–30 % of cancer deaths in the

US [26]. This is in stark contrast to the projected 90,000

cancer deaths per year that are avoided by maintaining a

healthy weight (BMI\ 25). Further, a positive correlation

exists between obesity and breast cancer recurrence.

Likewise, shorter disease-free survival and lower overall

survival has been demonstrated in obese patients, inde-

pendent of tumor stage at diagnosis [32–35].

In addition to affecting development and prognosis,

obesity has been shown to negatively impact response to

chemotherapy treatment [36•, 37] and increased BMI is

associated with increased incidence of metastatic disease

and decreased disease-free survival, regardless of subtype.

Obesity complicates medical management of breast cancer

and makes chemotherapy dosing more difficult. Che-

motherapy dosing is often weight-based, so to avoid

increased toxicity at higher doses, some obese women may

not receive adequate therapeutic regimens. Obesity is

related to increased risk of complications associated with

all treatment modalities (surgery, radiation, chemotherapy).

The Molecular Mechanisms Underlying the

Pro-tumorigenic Effects of Obesity

Originally, the pro-tumorigenic effects of obesity on breast

cancer were mainly attributed to higher circulating estro-

gen levels due to increased aromatase expression by adi-

pocytes [38]. However, there is a synergistic oncogenic

effect of adipokine derangements, hyperglycemia with

insulin resistance, and increased circulating estrogen that

contributes to breast cancer development [39•]. The role of

obesity is multifactorial and multiple estrogen-independent

mechanisms exist. At present, there are at least three dif-

ferent hypotheses to explain the effect of obesity on cancer

development, progression, and prognosis: (1) Obesity and

its related metabolic syndrome create an environment of

elevated insulin and IGF-1, which are potent epithelial

mitogenic factors [22]; (2) Obesity promotes a chronic

inflammatory state where by local cytokine secretion (IL-6,

IL-1B, TNF-a) supports a pro-inflammatory tumor pro-

moting microenvironment independent of hormonal medi-

ators [40]; and (3) Increased estrogen secondary to

enhanced aromatase activity in adipocytes can stimulate

abnormal growth of ER ? mammary cells [41–43].

Role of Obesity and Its Related Metabolic Syndrome

on Tumorigenesis

Endocrine dysfunction plays a role in breast carcinogenesis

and tumor growth. High BMI is associated with chronic

hyperglycemia, elevated circulating insulin, insulin resis-

tance, and ultimate development of metabolic syndrome.

Hallmarks of the insulin resistant state include aberrant

glucose metabolism, chronic inflammation, and altered

production of hormones (IGF-1, leptin, adiponectin) [44,

45]. Hyperinsulinemia and type 2 Diabetes represent

independent risk factors for colorectal, kidney, breast,

endometrial, and pancreatic cancer, regardless of BMI [46].

Insulin and IGF-1 Insulin is a peptide hormone produced

by beta cells of the pancreas that is released in response to

circulating glucose levels. Insulin resistance impacts breast

cancer progression via inflammation and growth factor

signaling [47]. The role of insulin is multifold; insulin and

its related insulin-like growth factor-1 (IGF-1) upregulate

the PI3 K/Akt and Ras/Raf/MAPK systems, which are

responsible for cell proliferation and inhibition of apoptosis

[48, 49]. Downstream signaling pathways integrate intra-

and extracellular conditions that regulate cell growth, sur-

vival, and metabolism [49, 50].

Hyperglycemia and hyperinsulinemia have been asso-

ciated with increased hepatic IGF-1 production irrespective

of growth hormone signaling [51]. Typically, IGF-1 bind-

ing proteins tightly regulate bioavailable IGF-1. However,

in the obese, hyperglycemia leads to suppression of IGF-1

binding protein synthesis and hyperinsulinemia increases

expression of hepatic GH receptor with consequent IGF-1

synthesis [51, 52]. Normally, IGF-1 interacts with circu-

lating estrogen during normal mammary gland growth and

differentiation [53]. Insulin and IGF-1 impact estrogen

signaling via decreased hepatic synthesis of sex-hormone

binding globulin (SHBG), which ultimately increases

bioavailable estrogens [18] and enhances aromatase activ-

ity [54] thereby stimulating proliferation of ER ? tumors.

The IGF-1 receptor regulates proliferation, survival, dif-

ferentiation, transformation, cell-substrate, and cell–cell

interactions [55, 56]. IGF-1 receptor has been implicated in

regulation of tumor microenvironment, epithelial-mes-

enchymal transition, and in development and maintenance

of cancer stem cells [57]. Activation of the insulin and

IGF-1 receptors has downstream effects that ultimately

upregulate mammalian target of rapamycin (mTOR) [58],

thereby inducing cell proliferation and survival.

Adipokines–Leptin and Adiponectin In the healthy adult,

leptin is an energy-sensing peptide hormone produced by

adipocytes that is positively correlated with nutritional

status and adipose stores [59]; as such, leptin signals the
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brain to reduce appetite. In the obese state, leptin over-

production by adipose tissue leads to resistance to this

anorexigenic signal. Release of leptin is stimulated by

insulin, estrogens, TNF-a, and glucocorticoids, which point

to the complex interplay between fat storage and inflam-

mation [59, 60]. Leptin has an impact on immune function,

cytokine production, angiogenesis, and carcinogenesis.

Furthermore, leptin exerts a tumorigenic effect on

ER ? tumors through upregulation of aromatase gene

expression and estrogen synthesis [61]. The leptin receptor

has been identified on many ER ? tumors suggesting a

potentiating effect of leptin on hormone receptor breast

cancer development.

Conversely, adiponectin is a hormone secreted mainly

by visceral white adipose tissue (WAT) that is negatively

correlated with fat mass [62]. Its role is to modulate glu-

cose metabolism, increase insulin sensitivity and lipolysis,

and exert anti-inflammatory effects by downregulating

obesity-associated inflammatory cytokines [63]. Studies

have now implicated decreased circulating adiponectin

levels—as seen in obesity—as a risk factor for cardiovas-

cular disease, type 2 Diabetes, and several types of cancers

[64]. As expected, there is an inverse relationship between

breast cancer risk and systemic levels of adiponectin [63].

Specifically, adiponectin exhibits multiple anticancer

effects: increased insulin sensitivity, activation of AMPK,

and inhibition of NF-kB [65–67]. AMPK serves as a cel-

lular energy sensor that increases skeletal muscle glucose

uptake, reduces gluconeogenesis in the liver, increases

insulin sensitivity, and promotes glucose utilization leading

to increased fatty acid oxidation [68]. NF-kB activation is

commonly observed in many tumors and is associated with

elevated serum insulin, IGF-1, and leptin levels [49, 69–

71]. Recent studies have identified a correlation between

women with low circulating adiponectin levels and more

aggressive breast cancer phenotypes (larger size, higher

grade, ER negative, metastasis) [64].

Obesity and Chronic Inflammation

Obesity constitutes a chronic, low-grade systemic inflam-

matory state characterized by increased levels of cytokines

known to potentiate tumor development and growth [18,

69, 72]. Local in-breast inflammation of WAT produces

pro-inflammatory mediators (TNFa, IL-1b, IL-6) and

increases expression of aromatase within breast adipocytes

[39, 73]. In response to infiltration by activated macro-

phages, visceral WAT secretes inflammatory cytokines that

stimulate gluconeogenesis in the liver leading to increased

serum glucose levels and subsequent increased pancreatic

insulin secretion that further contribute to development of

insulin resistance [59]. This microenvironment establishes

a positive feedback loop, whereby stromal fat cells secrete

adipokines, which attract macrophages that once activated

further secrete pro-inflammatory cytokines (IL-1B, IL-6,

TNF-a) that ultimately contribute to insulin resistance and

breast cancer development [41].

Obesity Effects on Adipocyte–Macrophage Interac-

tion Obesity has been associated with adipocyte hyper-

trophy in mammary tissue [74•], which provides evidence

for a causal relationship between obesity, inflammation of

WAT in breast tissue, and tumor development [74]. Adipose

tissue is metabolically and immunologically active and has

the ability to transdifferentiate in vivo [75]. As fat mass

increases and adipocytes hypertrophy, cell wall stretch

results in release of pro-inflammatory cytokines and

increased lipolysis with release of free fatty acids. Within

WAT, the activated macrophage acts as key mediator in

inflammation. Macrophages are able to infiltrate tumors and

amplify the pro-inflammatory tumorigenic milieu through

production of cytokines, prostaglandins, and angiogenic

factors [69, 76]. Histologically, this has been observed by

the formation of crown-like structures (CLS) that represent

macrophages surrounding dead adipocytes. CLS are

observed in subcutaneous and visceral fat of patients with

metabolic syndrome [77] and have been found in mammary

tissue of obese mice and WAT of human breast [74, 78].

Adipocyte cell death—represented by CLS—leads to

release of free fatty acids that further stimulate the inflam-

matory response via toll-like receptor-4, increased cytokines

(IL-1B, IL-6, TNF-a, PGE-2), and NF-kB signaling. NF-kB

upregulates cell proliferation, apoptosis, inflammation,

metastasis, and angiogenesis; additionally, it is associated

with insulin resistance, increased aromatase activity, and is

implicated in many cancers [39, 49].

Obesity Effects on Tumor Microenvironment As detailed

above, the tumor microenvironment in obese patients is

characterized by elevated growth factors and pro-inflam-

matory mediators, including fatty acids, inflammatory

cytokines, and influx of immune cells [18, 69, 72]. Beyond

these mechanisms, the tumor microenvironment and inter-

action between tumor cells with stroma, soluble factors,

signaling molecules, and the extracellular matrix can all

promote tumorigenesis and impact response to treatment.

Similar to immune cell function in wound healing, inflam-

mation is involved in tissue remodeling and angiogenesis in

tumors [79]. The pro-inflammatory milieu enables tumor

cells to hijack the proliferative state and utilize it for tumor

growth, invasion, and metastasis [80, 81].

Elevations in circulating pro-inflammatory mediators

are associated with poor prognosis in obese breast cancer

patients [82, 83]. Driven by stromal components,

chemokines, cytokines, and growth factors, the tumor

microenvironment has been postulated to have at least
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three different effects on tumor phenotype and presenta-

tion, including (1) increased genetic instability of tumor

cells, (2) regulation of gene expression via induction of

signaling cascades in tumor cells, and (3) exerting selective

pressure on cells [84]. This implies that tumor phenotype

involves complex interplay between cancer cells and sur-

rounding host stromal cells. Thus, the microenvironment

and locally secreted adipokines are capable of influencing

mammary epithelial cell growth and differentiation [85].

Obesity Effects on Estrogen Homeostasis and Aromatase

Signaling

The link between body weight and estrogen is well docu-

mented; with increasing body fat, there are significant

increases in circulating estrogens, especially among post-

menopausal women [86]. In premenopausal women,

ovarian production of estrogens drives serum levels and the

effect of peripheral androgen conversion to estrogen does

not significantly alter the overall serum concentration of

estrogen; as such, estradiol levels are similar in obese and

lean premenopausal women. This relationship is compli-

cated in obese premenopausal women; increased adiposity

and metabolic dysfunction can contribute to anovulatory

cycles that may lead to decreased estrogen exposure.

After menopause, peripheral adipocyte synthesis of

estrogens takes over for ovarian hormone biosynthesis.

Adipocytes produce aromatase—a cytochrome P450

enzyme encoded by the CYP19 gene—that is responsible for

greater estrogen biosynthesis and upregulation of proges-

terone receptor, an ER target gene [74, 82, 83]. Significantly,

activation of specific promoters by elevated pro-inflamma-

tory cytokines in breast tissue leads to increased transcription

of CYP19 [87]. Aromatase in adipose and breast tissue is

responsible for the conversion of circulating androgens

originating from the adrenal cortex and postmenopausal

ovary into estrogens [88]. Consequently, increased fat mass

impacts both serum estrogen concentration and locally

secreted estrogen levels in breast tumors. Circulating estro-

gens support proliferation of breast epithelial cells and

greater aromatase activity raises the risk of hormone receptor

positive breast cancer in postmenopausal women [89].

Aromatase is mediated in an autocrine/paracrine manner by

adipocyte production of inflammatory mediators like IL-6

and TNF-a, forming a positive feedback loop that increases

estrogen synthesis [90].

Weight Loss Interventions as a Potentially Cost

Effective Strategy to Reduce Breast Cancer Risk

and Improve Outcomes—A ‘‘Low Hanging’’ Fruit?

Obesity is one of the known modifiable risk factors for

breast cancer that can impact prognosis in newly diagnosed

patients. Lifestyle modification guidelines have been

identified to help individuals with weight control and

cancer prevention. Weight reduction in postmenopausal

women decreases circulating estrogen levels and increases

serum sex-hormone binding globulins.

The obese state is signified by both increased size of

pre-existing fat mass and synthesis of new adipocytes via

de novo cell differentiation (hypertrophy and hyperplasia,

respectively) [91]. It is now appreciated, that adipocytes

are not merely fat repositories, but also act as an endo-

crine organ by secreting bioactive molecules called

adipokines (i.e., adiponectin and leptin) that act in an

autocrine, paracrine, and endocrine fashion [92] Obese

individuals typically have increased circulating levels of

insulin, IGF-1, leptin, and inflammatory cytokines [93,

94]. It is well established that obesity is associated with

metabolic syndrome, chronic inflammation, diabetes, and

cardiovascular disease. The prevalence of metabolic

syndrome (insulin resistance, hypertension, hypertriglyc-

eridemia, low HDL, and central obesity [95]) is estimated

at 34 % of the adult population in the US and largely

correlates with obese individuals. Metabolic syndrome is

now known to impact growth signaling, inflammatory

processes, vascular integrity, and hormonal signaling that

is associated with cancer development, recurrence, and

prognosis [96•, 97, 98].

In a study by Eliassen et al., history of weight change

in adulthood among postmenopausal women was associ-

ated with increased risk of breast cancer (p\ 0.001);

women who had gained 25 kg by menopause had an

increased risk (RR 1.45, 95 % CI 1.27–1.66) compared to

those who maintained a stable weight. Weight gain after

menopause of 10 kg was associated with increased risk of

breast cancer (RR 1.18, 95 % CI 1.03–1.35) compared to

those who maintained a healthy weight [23]. Signifi-

cantly, weight gain after breast cancer treatment is asso-

ciated with worse outcomes regardless of menopausal

status [99]. In the same study, weight loss of 10 kg or

more after menopause was associated with a suggested

decreased risk of breast cancer (RR 0.77, 95 % CI

0.56–1.08). Weight loss—by diet or exercise—has been

associated with normalization of inflammatory markers

and adipokines [100–102]. Further, exercise with or

without change in weight, has been shown to have ben-

eficial effects on inflammation and insulin sensitivity

[101, 103].

There are a number of ways to combat obesity, the most

common being via physical activity and nutrition. It has

been shown that habitual physical activity among post-

menopausal women can reduce breast cancer occurrence

by up to 25 % [104]. A significantly lower risk of recur-

rence and an improved overall survival among breast

cancer patients is observed in those who engage in aerobic

Curr Surg Rep (2016) 4:14 Page 5 of 9 14

123



exercise equal to 9 metabolic equivalent-hours (MET-h)

for 120–180 min per week compared to less active women

[105, 106]. The mitigating effects of exercise are thought to

be via pathways affecting insulin sensitivity, anti-inflam-

matory mechanisms, and improvements in visceral adipose

stores [38, 107]. Levels of circulating estrogens are also

influenced by physical activity, with higher levels of

activity leading to decreases in serum estrogen concentra-

tions [40].

Several mechanisms have been identified as potential

mediators of exercise on cancer development. These

include alterations in cell proliferation, apoptosis, circu-

lating sex hormone levels, decreased IGF-1 concentration,

increased insulin sensitivity, and changes in bodyweight

and composition [108]. Exercise may garner its protective

effects by tempering the synthesis of mitogenic pro-in-

flammatory cytokines, hormones, and growth factors.

Further studies are needed to identify which factors have

more impact on carcinogenesis.

Physical activity and dietary habits have both been

correlated with breast cancer survival, possibly via reg-

ulation of circulating sex hormone concentrations. For-

tunately, weight reduction via dietary changes with

caloric restriction or through bariatric surgery has been

shown to result in decreased circulating estrogens. Fat

loss with reduction in aromatase-derived estrogen can

impact ER ? breast tumor growth. Supporting this idea, a

recent study found that breast cancer incidence was

decreased by 85 % status post gastric bypass surgery

[109].

Epidemiologic studies report that only half of breast

cancer survivors meet recommendations for activity or

servings of fruits and vegetables. For cancer survivors aged

70–90 years old, the European Healthy Aging study

reported a 60 % reduction in disease-specific and all-cause

mortality among participants that adhered to a Mediter-

ranean diet, were physically active, and did not use tobacco

[110]. Pierce et al. described an increase in 10-year sur-

vival rate among breast cancer survivors who engaged in

weekly physical activity (30 min of walking, 6 days per

week) and whose diet included at least 5 servings of fruits

and vegetables daily. Further, these two practices were

associated with a 50 % reduction in mortality during the

subsequent follow-up period; however, the mortality ben-

efit was only observed in women who engaged in both

lifestyle modifications, implying a synergistic protective

effect of diet, and activity modifications for overall breast

cancer survival [111].

Finally, for women in whom medical weight loss strat-

egy has failed, surgical weight loss strategy may be of

benefit. However, very few studies have addressed the role

of weight loss surgery in mitigating breast cancer risk and

improving breast cancer outcome.

Conclusions

Abundant data are now available to clarify the relationship

between obesity and breast cancer as not merely due to fat-

ness or increased BMI. It is now widely accepted that the

obese state creates a hostile environment that is associated

with a chronic systemic inflammatory state, metabolic syn-

drome, and altered production of estrogens and adipokines.

The mitogenic milieu created by obesity supports breast

tumor growth through increased circulating estrogens,

hyperinsulinemia and insulin resistance, elevated insulin-

like growth factor 1 (IGF-a) activity, inflammatory cytokine

secretion, adipokine overproduction, and imbalance due to

excess adipocytes. As such, it is reasonable to focus on each

of these pathways as possible areas to manipulate the phys-

iological response to fatness and develop interventions to

prevent and treat breast cancer.
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