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Provide a comprehensive and thorough review of the current understanding of breast cancer 
prevention. 

OVERVIEW OF CONTENT AND OBJECTIVES: 

1. Discuss the role of common supplements and medications in reducing breast cancer risk. 

2. Discuss the impact of diet and exercise in risk reduction. 

3. Review the data regarding SERM's and aromatase inhibitors in ri sk reduction strategies. 

4. Future directions and how to counsel our patients. 
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Introduction 

For women in the United States, breast cancer is the most common non-dermatologic cancer and the 
second leading cause of cancer death. Although breast cancer incidence rates dropped by close to 7% 
between 2002 and 2007 after a dramatic decline in the use of hormone replacement therapy, breast 
cancer incidence rates have now stabilized and it estimated that 1 in 8 (12%) of women in the US will 
develop an invasive breast cancer in their lifetime. It is therefore of paramount importance that 
prevention strategies continue to be an area of active interest and research. A variety of interventions 
have been proposed and evaluated to alter breast cancer risk and at this time I would like to review the 
salient data pertinent to breast cancer risk reduction. 

The Role of Sov in Breast Cancer Reduction 

There has been much interest in the potentially protective role of soy. Not expectantly, recent attention 
has been focused on factors that affect estrogen regulation and exposure due to the convincing data 
that estrogen is involved in certain subtypes of breast cancer. lsoflavones, the predominant 
phytoestrogen in soy products, are diphenolic compounds with a chemical structure similar to 17b 
estradiol, which have an affinity for both ERb and Era receptors, with preferential binding to ERb. This 
preferential binding provides one ER dependent mechanism for the proposed chemopreventive action 
of isoflavones as there is evidence that ERb transactivation inhibits the stimulatory effects of Era 
transactivation on breast cell proliferation. In addition to modulating estrogenic function, isoflavones 
have been shown to have anticancer effects through inhibition of DNA topoisomerase I and II, 
antiangiogenesis, aromatase inhibition, antioxidant and anti-inflammatory effects, and inhibition of 
tyrosine kinases whose actions are crucial to the control of cellular growth and apoptosis. The most 
common isoflavone, genistein, has been shown to influence multiple regulatory pathways involved in 
cellular growth and survival. The Pl3kinase/ Akt pathway is a central gatekeeper for crucial cellular 
functions including glucose metabolism, cellular proliferation, apoptosis, transcription, and cell 
migration. PTEN, a tumor suppressor gene, down-regulates the AKT pathway, thus inhibiting tumor cell 
growth. Genistein, in in-vitro mammary cell studies, has been shown to promote PTEN expression. 
Similar effects of genistein on E-cadherin, another potent tumor suppressor gene involved in breast 
carcinogenesis, have been reported. 
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There is much conflicting data in the literature regarding soy in regards to its role in breast cancer 
prevention. In part, the conflict arises due to the heterogeneity of the popu lation studies, the types and 
quantities of soy ingested, and the age at which soy ingestion begins. Migration stud ies have suggested 
childhood environmental exposure has a profound impact on breast cancer risk. Breast cancer rates are 
consistently higher in West ern countries than in Asia; yet among Asian migrants to the U.S., breast 
cancer risk increases over several generations and eventually approaches that of the U.S. in a 
population-based case control study of breast cancer among Asians born in the U.S., initiating soy intake 
in childhood or adolescence was associated with a relative risk of breast cancer of 0.4 and 0.8 
respectively, with the great est benefit being in those who were high consumers. In addition, Asian 
women who consumed soy both during childhood and adult life derived the most benefit.1 It has been 
reported that childhood soy intake was about twice as protective aga inst breast cancer as was 
consumption during t eenage years.2 In contrast, multiple studies examining initiating soy intake in 
adulthood have shown less consistent benefit. 3 

One proposed mechanism for the benefits of soy exposure in childhood is early promotion of mammary 
tissue differentiation, as the undifferentiated epithelial cells are the structures most susceptible to 
chemical carcinogens. Another postulated mechanism is the downregulation of the Wnt signaling 
pathway which drives the proliferation of mammary progenitor cells and prevents their differentiation, 
suggesting that early life exposure protect s the breast by affecting mammary stem cell behavior. 
Although much is sti ll unknown in regards to the effects of soy on breast cancer risk, there is sufficient 
data to support its benefits, especially when consumed from early childhood.3 

Large differences in study results exist between Asian and Western populations in regards to benefit, 
possibly due to the low amount of soy consumption that is typical of the West ern diet. Studi es have also 
varied in regards to how much soy needs to be ingested to obtain beneficial effects. There does appears 
however to be a significant dose response relationship with those ingesting greater than 20mg/day 
(equiva lent to a serving of tofu) of isoflavones reaping the greatest benefit. 1 
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What about Soy after a diagnosis of breast cancer? 

In contrast to the correlations of soy consumption and breast cancer development, exposure of pre
existing estrogen dependent tumors to the estrogenic effects of dietary genestein may have a negative 
outcome by stimulating growth. In vitro and in vivo studies have shown that genistein stimulates growth 
of MCF-7 human breast cancer cells.' A number of epidemiological and animal models have shown that 
consumption of highly enriched soy products such as the supplements and soy enriched foods 
consumed in Westernized countries is potentially more deleterious than consumption of isoflavones in 
less processed forms. 5 Only prospective intervention studies would definitely answer the question of 
safety of soy products in breast cancer survivors and it is doubtful for ethical reasons that these studies 
would ever be done. Therefore, for the time being, the current recommendation for breast cancer 
survivors of avoiding highly enriched soy products seems the safer choice. 

Exercise and breast cancer risk reduction 

Many prospective studies have investigated the association between physical activity and breast cancer 
risk with most finding a 10% to 30% reduction in risk in physically active women' Studies have shown 
that exercise can reduce chronic inflammation by inducing anti-inflammatory effects. On a molecular 
level, during exercise IL-6 is produced by contracting muscle fibers, which in turn acts as a myokine that 
can inhibit pro-inflammatory cytokine expression. Exercise can also reduce adiposity by IL6 mediated 
lipolysis and by diminishing levels of adipose derived cytokines TNFa and ILlB. In addition, significant 
decreases in fasting insulin, IGF-1, and IGFBP-3 have been consistently reported. Studies have varied by 
frequency and intensity of exercise. As of 2010, 73 separate studies have addressed the issue of exercise 
and breast cancer risk reduction, with the majority revealing a reduction in risk with 40% of these 
studies reaching statistical significance. The magnitude of risk reduction was on average 25% when 
comparing the most to the least active study participants. The types and durations of activity varied with 
greater benefits seen with higher intensity and longer durations of exercise. A number of studies also 
examined physical activities at various times of life. The greatest average risk reduction (27%) was 
observed for sustained activity over the adult lifetime particularly if initiated in adolescence, but a 17% 
risk reduction was seen as well in participants who initiated exercise after age SO. In subgroup analysis, 
both pre- and postmenopausal women experienced a benefit from exercise, with a slightly stronger risk 
reduction observed for postmenopausal women (31%) vs. premenopausal women (27%). 7 

In regards to BMI, the greatest benefit of physical activity was observed among lean women with a 
BMI<22 who experienced an average risk reduction of 27% vs. women with normal BMI's (22-24.9) at 
24% and overweight women (BMI 25.0-30) at 18% risk reduction. No benefit was observed for obese 
women (BM1>30) but the number of studies including this subset was small (n=S studies). In regards to 
ethnicity, the greatest impact of physical activity was observed in Asian and African American women 
who experienced an average decrease of 41%. Lesser impacts were observed in Indian (37%), Hispanic 
(28%), and Caucasian (20%) women. Four studies have examined the influence of a family history of 
breast cancer on the association between physical activity and breast cancer risk. Of those reported, a 
positive family history essentially negated the effects of exercise (21% vs. 1%), but given the small 
sample size, caution should be taken in interpreting this data. In regards to the effects of exercise on 
hormonal status of subsequent breast cancer development, the data was inconsistent, but in general, 
the impact was greater for women with ER-/PR- cancer (on average 27%) vs. ER+/PR+ cancers (14%). 7 
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Breast Cancer, Adiposity, and Exercise 

Physical activity may influence cancer risk by means of weight control, in addition to altering several 
interrelated biologic pathways relevant to cancer, including hyperinsulinemia, chronic inflammation, 
concentrations of adipocytokines, and sex steroid hormones, as well as effects on immune function. 

The Alberta trial, a randomized controlled trial of 320 sedentary postmenopausal women aged 50-74, 
examined the effects of 45 minutes of aerobic exercise five times per week for one year. This 
intervention program resulted in reductions in estradiol concentrations and increases in sex hormone 
binding globulin (SHBG) that were consistent with a reduced risk of breast cancer.' Physical activity may 
influence circulating estrogens by reducing adiposity, which decreases the conversion of androgens to 
estrogen by aromatase. In this particular study, additional adjustments for weight change attenuated 
the effect of exercise intervention on SHBG but not on free estradiol levels. Therefore, physical activity 
appears to have a beneficial effect independent of changes in weight. In this trial, the main analysis 
showed an inverse effect of exercise on insulin levels, HOMA-IR (a method used to quantify insulin 
resistance and beta cell function), and leptin levels (p<0.001), and a positive effect on the 
adiponectin/leptin (A/L) ratio, an emerging novel marker of insulin resistance (P< 0.0001). Secondary 
analysis suggests that a loss of total and central adiposity may be required to effect these changes.' 

Another large study, the Nurse's Health Initiative revealed similar results. Analyzing data of 
postmenopausal women, significantly lower breast cancer risks were associated with higher activity. In 
this study, weight change since 18 years of age, BMI, HRT, and family history of breast cancer did not 
modify the association between total activity and breast cancer risk. In addition, the association did not 
differ by ER/PR status or by ductal or lobular subtypes.' 

McTiernan examined estrogen levels in 170 postmenopausal sedentary women over a 12 month period 
of moderate-intensity exercise, to include at least 45 minutes five days per week vs. controls. The 
decrease in estradiol levels exhibited a positive correlation with loss of body fat mass. The author 
postulated that the association between increased physical activity and reduced risk for 
postmenopausal breast cancer may be partly explained by effects on serum estrogen levels.' 

It would appear that exercise is one modifiable lifestyle change that women can adopt that may 
substantially reduce their lifetime risk of breast cancer. Therefore implementation of a regular physical 
activity regimen should be part of a healthy lifestyle adopted by women starting in adolescence and 
continued throughout their lifetime. 

Calcium, Vitamin D and breast cancer risk 

Vitamin D has been reported to have anticancer activity against many cancer types, including breast, 
colo rectal and prostate cancers. Much controversy exists regarding the benefit relating in part to many 
confounding variables. The overall relationship between vitamin D and calcium intake, levels of 
circulating vitamin D and calcium intake, levels of circulating vitamin D metabolites, and cancer risk are 
not clear. Vitamin D has been found to participate in regulating apoptosis, cell proliferation and 
differentiation, immune function, as well as having anti-angiogenic effects. 

A four year double blind placebo controlled trial of 1179 postmenopausal women randomized to receive 
1400-1500mg supplemental calcium alone, supplemental calcium plus 1100 IU vitamin D3, or placebo 
and evaluated the incident cancer risk of all types. Vitamin D intervention was sufficient to raise 25(0H) 
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vitamin 0 levels > 80nmoi/L. In comparison to the placebo group, the RR of developing cancer at study 
end was 0.402 for the ca lcium + vitamin 0 (p=0.013) and 0.532 for the calcium on ly group (p= 0.063). 10 
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In contrast, the Women's Health Initiative (WHI), a trial of 36, 282 postmenopausa l women randomized 
to 1000 mg of elemental ca lcium with 400 IU of vitamin 03 vs. placebo for a mean of 7 years found no 
benefit in reduction of breast cancer risk with ca lcium and vitamin 03 supplementation. 11 
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A meta-analysis revealed a significant 9% decrease in breast cancer risk for women with 2S(OH) vitamin 
0 levels in the highest quarti le (>30ng/ml) vs. those in the lowest ( <20ng/ml) (RR=.91).12 

Mammographic density, a known variable associated with increased breast cancer risk was evaluated in 
the Nurse's Health Study (NHS). This case controlled study of 960 postmenopausal women found no 
relationship between plasma 2S(OH) vitamin 0 levels and mammographic density. 13 

In conclusion, there is insufficient evidence to support a significant association between oral intake 
and/or circulating plasma levels of vitamin 0 and risk of breast cancer. Studies in the literature are 
heterogeneous, revealing conflicting resu lts with confounding variables not always accounted for. 
Further research is needed, directed at looking at perhaps the safety and efficacy of higher doses of 
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vitamin D before women should be advised to increase their vitamin D intake in order to lower breast 
cancer risk. 

Metformin and Breast Cancer Risk 

In the WHI, 9277 medication treated cases of women with OM were identified in the cohort and 
followed for an average of 11.1 years. 2,963 of these women were being treated with metformin. 422 
women developed invasive breast cancer during this time period. After adjusting for confounding 
variables, including BMI, Gail score risk, HRT, and physical activity, women on metformin compared to 
other diabetic medications had a 38% lower risk of ER+PR+ breast cancers (p=0.2). 14 Given these 
findings, pursuits were undertaken to evaluate how metformin might impact cancer risk. Studies have 
shown that metformin exerts its cell growth inhibitory effects by activating AMPK, a cellular energy 
sensor. Activation of AMPK inhibits the MTOR signaling pathway, thus inhibiting signaling pathways 
that promote cell growth and proliferation. This mechanism may contribute to the antineoplastic effects 
of metformin. In addition, metformin has been shown to inhibit aromatase activity, providing a 
mechanism to reduce local production of estrogen within breast tissue as well as circulating estrogen 
levels. Although results look promising, the number of patients in the WHI study on metformin was 
small, and further research is needed to substantiate these findings. 

Anti-lnflammatories and Breast Cancer 
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Numerous epidemiologic studies have examined the association between NSAIDs, aspirin, and breast 
cancer risk reduction with equivocal results. Several cohort studies have found a reduced risk of breast 
cancer associated with aspirin use. Others have failed to find any association or have even suggested an 
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increased risk. Few meta-analysis of an association have been performed, and most have had 
methodological limitations. A protective role of NSAIDs in breast carcinogenesis is biologically plausible. 
In vitro and animal studies have consistently shown that NSAIDs inhibit cyclooxygenases and inactivating 
COX-2 may interrupt the carcinogenic process in the breast via multiple pathways-including inhibition of 
angiogenesis, promotion of apoptosis, and suppression of estrogen synthesis via decreased aromatase 
activity. Studies have demonstrated that the level of prostaglandins is higher in breast cancer cells than 
in normal tissue, making the inhibition of prostaglandin synthesis a potentially promising intervention to 
decrease breast cancer risk. 15 

In the Nurse's Health II study, one of the few trials looking at the potential benefit of aspirin and NSAID's 
in premenopausal women, a total of 112, 292 premenopausal women were followed from 1989-2003. 
Overall, 1,345 cases of invasive breast cancer were documented. Multivariate analysis controlled for the 
most common known risk factors including age at first birth, alcohol consumption, BMI, BCP use, history 
of benign breast disease, and positive family history. Compared with non-users, current regular users of 
aspirin (2:2X/wk.) were not at a decreased risk of breast cancer (RR-1.07). Duration of use among current 
users (<5 years vs. >5 years) was not associated with risk (RR=l.03). No association with hormone status 
of breast cancer was seen. (RR=0.97) for ER+/PR+ and (RR=l.21) for ER-/PR-. 16 

In contrast, the Institutes of Health-AARP Diet and Health Study examined 127,383 women aged 51-72 
with no prior history of breast cancer. This prospective cohort study examined reported use over the 
prior 12 month period. No statistically significant association with the exception of a reduction in ER+ 
breast cancer was found with daily aspirin use (RR=0.84). 15 

In 2010, a prospective observational study using data of 4,164 women from the NHS II diagnosed with 
Stages 1-111 breast cancer reported a significant decrease in distant relapse and mortality with the use of 
aspirin. For those women using aspirin 2 to 5 times per week, a 71% reduction in risk of breast cancer 
death and a 60% reduction in distant reoccurrence were seen. This association did not differ 
appreciably by stage, menopausal status, BMI or ER status. Although very encouraging, this study must 
be interpreted with caution. This was an observational study, with information on dose and frequency of 
aspirin use, treatment, and distant reoccurrence being self-reported." 

In conclusion, more research is needed, including prospective, randomized clinical trials to evaluate the 
role of aspirin and NSAIDs in breast cancer prevention and in decreasing risk of breast cancer 
reoccurrence and mortality. 

Statins are a therapeutic class of drugs that reduce plasma cholesterol levels and are used to manage 
and prevent coronary artery disease. There is a growing body of evidence, however, that statins appear 
to induce apoptosis and reduce cell invasiveness in various cell lines, including mammary carcinomas. It 
appears that only the lipophilic statins (lovastatin, simvastatin) are able to permeate the cell membrane 
and affect cell proliferation, survival, and motility. In vitro studies have shown inhibition of the Ras-Raf
Mek/Erk cascade upon exposure to lipophilic statins. 18 Despite encouraging in vitro data, studies to 
date have not shown convincing evidence that statin use decreases breast cancer risk and further 
research is needed. 

Alcohol Use and Risk of Breast Cancer 
Alcohol consumption is a known risk factor for breast cancer. This association is thought to be largely 
hormonally driven and may vary by subtype of breast cancer. The WHI study reported, via a prospective 
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cohort study of 87,724 postmenopausal women, that drinking 7 or more alcoholic beverages/week was 
more strongly associated with lobular carcinomas than ductal carcinomas. (HR=1.82 vs. HR=1.14 
respectively), and that higher quantities of alcohol intake were associated with an increased risk of 
invasive breast cancer overall. This and other studies as well have shown a correlation between alcohol 
consumption and ER+/PR+ breast cancers, suggesting the association is likely hormonally driven, with an 
average increase in risk of 7-12% per each IOgm/day of alcohol consumed. 19 

There are several potential mechanisms by which alcohol consumption may increase breast cancer risk. 
Higher levels of circulating estrogen have been associated with alcohol consumption, and in vitro, 
ethanol increases cellular responsiveness to estrogen, stimulates the transcriptional activity of the 
estrogen receptor alpha (Era), and downregulates the mRNA and protein levels of the BRCA1 tumor 
suppressor gene. These findings lend credence to the possibility that alcohol consumption may have 
multiple mechanisms in which if affects breast cancer risk. 

Alcohol Use and Breast Cancer Reoccurrence 

The LACE Study (Life after Cancer Epidemiology), a prospective cohort study of 1,897 early stage breast 
cancer survivors, after accounting for other known risk factors, revealed a 1.3 tol.S fold increased risk of 
breast cancer reoccurrence and breast cancer death respectively with consumption of 6gms of alcohol 
or more per day (3-4 drinks per week). The associations appeared stronger among postmenopausal and 
overweight women, suggesting the effects of alcohol might be specific for certain subgroups of 
women. 20 

The mechanism by which alcohol promotes breast cancer metastasis is not known, but one possibility is 
through the suppression of the Nm23 metastatic suppressor gene which encodes proteins known to 
inhibit multiple metastatic-related processes. 21 

In conclusion, from both the standpoint of breast cancer prevention and reoccurrence, moderation is 
the key. 

Diet and Breast Cancer Prevention 

Numerous studies have addressed the issue of diet and breast cancer risk. Conflicting results have been 
shown in regards to whether or not dietary interventions can impact the risk of initial breast cancer 
diagnosis or reoccurrence. Only the two largest trials will be addressed. 

The WHEL study was a prospective, randomized controlled trial of 3088 women with a prior history of 
Stages 1-111 invasive breast cancer ages 18-70. The intervention group was given a dietary regimen to 
include 30gms of fiber, 8 servings of fruits and vegetables, and 15-20% of energy intake from fat daily. 
With a mean follow-up of 7.3 years, no difference in breast cancer events or mortality was observed." 
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The WINS study was a randomized, multicenter, phase Ill prospective clinical trial to test the effects of a 
dietary intervention designed to reduce fat intake in postmenopausal women with resected early-stage 
breast cancer receiving conventional cancer management 2,437 women were randomly assigned in a 
ratio of 40:60 to dietary intervention (975) or control (1,462). The intervention group was placed on a 
reduced fat diet targeting 15 % of daily calories to be from fat intake. The primary endpoint was DFS. 
The results revealed women in the intervention group to have a 24% lower risk of relapse (HR=0.76) 
compared to the control group. On subset analysis the impact was greater for ER-/PR- tumors than ER+ 
(HR=0.58), but was not statistically significant-" 
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In comparing the two studies, there were important differences that could have potentially affected the, 
outcome. In the WINS study, women in the intervention group lost on average approximately 2.5kg 
compared to the control group, which may have lowered their risk of reoccurrence, independent of a 
reduced fat intake. There was no significant weight loss in the WHEL study participants. Women in the 
WINS group were post-menopausal only, whereas pre- and post-menopausal women were included in 
the WHEL trial. In the WINS study, there was considerable drop off in self-reporting (40% by 5 years) vs. 
85% for the WHEL trial. 

Although more research is needed, these two large trials would suggest that dietary patterns do not 
exert a major influence in regards to risk of breast cancer reoccurrence. In regards to primary 
prevention, studies are conflicting and inconsistent in regards to the benefits of a low fat, high fruits and 
vegetables diet (the Mediterranean diet), but given that weight control is enhanced by this approach, 
there may be some benefit indirectly. The data on restricting red meats and regular consumption of fish 
high in Omega 3 fatty acids is not convincing, but again, for general health reasons, is a reasonable 
approach to take. 
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Obesity and Breast Cancer Risk 

Obesity is associated with increased risk and worsened prognosis for postmenopausal breast cancer, but 
the underlying mechanisms remain unclear. Given that the prevalence of obesity in U.S. women remains 
very high and that childhood obesity rates are rising, it is imperative that the mechanisms underlying the 
connection between obesity and breast cancer risk are elucidated and that new targets and strategies 
are discovered to impact obesity rate and to inhibit the obesity-breast cancer link. In vitro animal studies 
have revealed multiple potential mechanisms by which obesity may impact breast cancer risk to include 
1) increased insulin/insulin-like growth factor (IGF-1) levels and increased signaling through the 
rapamycin (MTOR) pathway; 2) altered estrogen metabolism particularly involving increased aromatase 
activity and thus the conversion of androgens to estradiol; 3) adipokine signaling, particularly involving 
increased leptin and decreased adiponectin; and 4) a variety of possible, although poorly characterized, 
inflammatory signals."· 25 Evidence for cross-talk between these pathways is increasing, but the critical 
interactions are as yet not well understood. To examine each mechanism further: 

1. The role of the IGFR receptor 

In obese women, an excess of adipose tissue associated with elevated levels of insulin and IGF have 
been documented, which have mitogenic activities likely involved in breast tumor development and 
progression. Activation of the IGFR signaling pathway sets into motion a cascade of tyrosine kinase 
phosphorylation that leads to cellular proliferation and inhibition of cellular apoptosis. 

2. Action of Aromatase 

Adipose tissue is the main source of estrogen production in postmenopausal women. An enhanced 
number of adipocytes amplify androgen aromatization to estrogen. Obese women therefore have 
higher circulating estrogen levels, a known risk factor for the development of breast cancer. 

3. The Adipokines 

Adiponectin and leptin are both secreted by adipose tissue and oppose each other's actions. In 
obese women, circulating levels of adiponectin are decreased, and conversely, leptin levels are 
increased. In vitro experiments have shown that the proliferative activity of leptin is mediated via 
different signaling pathways. Leptin induces the PI3K/Akt survival pathway and the MAPK pathway 
by inducing ERK1 and ERK2 phosphorylation. Leptin promotes expression of the c-myc oncogene, 
Cyclin 01 and VEGF thus promoting cellular proliferation and reduces Bax expression, resulting in 
down-regulation of apoptosis. Adiponectin, on the other hand, exerts antiproliferative effects on 
mammary tissue through a decrease in AKT phosphorylation and downregulation of c-myc and 
cyclin D protein expression. In addition, it has been shown to induce cellular apoptosis. Although 
the effects of both adiponectin and leptin are not completely understood, they have been found to 
be co-expressed in breast carcinomas and the adjacent normal tissue, suggesting they play a role in 
tumorigenesis. Through caloric restriction, the adiponectin/leptin ratio can be favorably altered one 
mechanism by which diet and resultant weight loss can potentially decrease breast cancer risk. 
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4. Adipocytes and Inflammation 

The role of adipocyte-promoted inflammation leading to carcinogenesis is still not clear, but loca l 
release by adipocytes of pro-inflammatory cytokines, including VEGF, IL6, COX-2, TNF-a, and bFGF 
have been documented and may be involved in breast cancer development and tumor progression. 
The crosstalk between ad ipocytes and stromal macrophages promote release of NFkB, a 
t ra nscriptional regulator that induces aromatase activity and is a potent promoter of cell surviva l. 
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In conclusion, there is convincing evidence that obesity is a potent risk factor for both breast cancer 
development and prognosis. Studies would suggest that breast cancers that do develop in obese 
patients present at later stages, carry a worse prognosis, and can increase breast cancer mortality by up 
to 30%. 26 

Biphosphonates and Breast Cancer Prevention 

Evidence from several sources has suggested that the use of bisphosphonates may reduce the risk of 
breast cancer incidence and relapse. One of the largest cohort studies, the WHI, enrolled 154,768 
women, of which 2,816 were bisphosphonate users at baseline. After adjusting for BMD differences 
between users and nonusers, after a mean follow-up of 7.8 years, bisphosphonate users had a 32% 
lower incidence of invasive breast cancer compared with nonusers (p<0.01). The incidence of ER+ breast 
cancer was reduced by 30% (p=0.02) in bisphosphonate users and ER- tumors by 34% (p=0.27). 27 A 
second trial, the Northern Israel study involved 4,039 postmenopausal patients and showed similar 
results." Biologic plausibility for these findings includes angiogenesis inhibition and increased cancer 
surveillance via activation of gamma delta T cells. Two adjuvant trials in early stage breast cancer 
revealed conflicting results. The ABCSG-12 trial evaluating premenopausal women treated with ovarian 
suppression and hormonal therapy plus zoledronic acid or placebo showed a relative reduction of 36% in 
the risk of disease progression." In contrast, the recently reported AZURE trial showed no benefit in 
DFS with the addition of zoledronic acid to adjuvant therapy. On subset analysis however, women 
greater than five years postmenopausal exhibited a 29% improvement in OS. 30 Although these various 
trials are thought provoking, standard of care does not support the use of bisphosphonates to prevent 
breast cancer incidence or progression at this time. 

Chemoprevention 

In 2009, an estimated 192,000 new cases of breast cancer and 40,000 deaths occurred in the United 
States alone. It has been estimated that more than 2,000,000 women could benefit from 
chemoprevention but <1% have been offered it or elected not to take it due to concerns regarding the 
risk: benefit ratio. It is often difficult to accept the prospect of immediate potential adverse effects of a 
medication to accrue benefits at some unknown time in the future. Bias on the part of the physician 
informing the patient can also affect the decision a woman makes, depending on the description of the 
treatment and strength of the recommendation. With the results of the first trials that showed a benefit 
in risk reduction with the use of Tamoxifen, a first generation SERM, these issues became of prime 
importance for healthy women at risk. 

In 1992, the NSABP implemented a randomized trial, the P-1 study to evaluate the role of Tamoxifen for 
the prevention of breast cancer in women considered to be at increased risk for the disease. 13,388 
women were randomized. Women were included if they were ~60 years of age, 35-59 with a 5-yr 
predicted risk based on the Gail model of 1.66%, or had a history of LCIS. At its first reporting in 1998, 
women who took Tamoxifen for five years had a 49% reduction in risk of developing invasive and non
invasive breast cancer compared to placebo. The reduction seen was in hormone receptor positive 
tumors only. Risk was reduced by 56% for patients with LCIS and 86% for those with ADH. In regards to 
side effects there was a 2.5 fold higher incidence of endometrial cancer primarily in postmenopausal 
women in the Tamoxifen treated group, a 19% reduction in bone fracture incidence, no difference in 
myocardial ischemic events, but a higher incidence of venous thrombotic events and CVAs in the 
Tamoxifen treated group (RR=1.60 for DVT, 3.01for PE and 1.59 for CVA). The risk for cataract surgery 
was also increased in the treated group (RR=1.5). This was the first trial to support the hypothesis that 
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breast cancer could be prevented in a population of women at increased risk for the disease. The results 
were updated in 2005, showing a persistent risk reduction with Tamoxifen use of 43% for invasive breast 
cancer and 37% for noninvasive breast cancer. 31 
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The International Breast Cancer Intervention Study (IBIS I) trial also evaluated the role of Tamoxifen by 
randomizing 7,152 women at risk to Tamoxifen vs. placebo for five years of therapy. Results showed a 
reduction rate of 32% for invasive and noninvasive breast cancers with treatment. Adverse events were 
similar to those seen in the P1 trial. An 8 year follow up published in 2007 confirmed a persistent benefit 
of Tamoxifen (RR=0.73) even after the intervention period of five years of therapy had been 
completed." 
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The Royal Marsden trial started in 1986 with randomization of 2,494 at risk women to 5 years of 
Tamoxifen vs. placebo. At the initial 8 year follow up evaluation, no benefit to Tamoxifen was seen so 
this was initially considered a negative trial. At the 20 year follow up however, a 52% reduction in risk 
was seen in the Tamoxifen treated patients.33 

With the success of the P1 trial, the NSABP embarked on a second trial, the P2 Prevention trial, also 
named the STAR trial. In this multicenter, prospective, double-blinded, randomized trial beginning in 
1999, 19,747 women at increased breast cancer risk were randomized to Tamoxifen vs. Raloxifene, a 
second generation SERM that had already shown impressive reductions in breast cancer incidence in the 
MORE and CORE trials. 34 These trials were undertaken to evaluate the benefit of Raloxifene in 
decreasing the risk of fracture in postmenopausal women with osteoporosis. In these trials, a secondary 
endpoint was incidence of invasive breast cancer where reductions of up to 66% were seen. Unlike the 
P1 trial, all women in this trial were postmenopausal but otherwise the entry criteria were basically the 
same. The results revealed no difference in the rates of invasive breast cancer with five years of 
treatment (RR=l.02) with fewer cases of noninvasive breast cancer in the Tamoxifen arm (RR=1.4). 
Fewer cases of uterine cancer were seen in the Raloxifene arm (RR=0.62) and fewer thrombotic events 
(RR=0.70). The risk of osteoporosis, stoke, and cardiac events were similar. The differences between 
arms were not statistically significant." The STAR trial results were updated in 2010. The salient facts 
included a 24% higher rate of invasive breast cancer in the raloxifene arm and a 22% higher rate of 
noninvasive cancers compared to the Tamoxifen arm. In favor of Raloxifene was the lesser incidence of 
side effects including 45% less uterine cancers and 25% less thromboembolic events. The rate of 
cataract development and the subsequent need for cataract surgery was 20% less. There was no 
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statistically significant difference in mortality between the two groups. Both Tamoxifen and Raloxifene 
are now approved for breast cancer prevention." 

Table 5 

Rates of thromboembolic events, cataracts and cataracts surgery-NSABP STAR Trial iP-2) 
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Annual rates of noninvasive breast cancer and utenne <!iseasefhJ'Sierectomy-NSABP STAR Trial {P-2) 
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Noninvasive breast cancer 

OCIS 70 36 1 15 140 -0.25 
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Although SERM's have been the mainstay of chemoprevention, the use of antiestrogens, previously 
approved as adjuvant therapy and treatment of advanced disease, moved into the prevention arena. In 
2004 the MAP.3 trial was initiated. In this randomized, placebo-controlled trial 4,560 postmenopausal 
women with either a Gail risk score of 1.66%, prior atypical ductal or lobular hyperplasia, LCIS, or DCIS 
treated with mastectomy were randomized to exemestane vs. placebo for 5 years of therapy. BRCAl & 
BRCA2 mutation carriers were excluded. The results revealed a 65% relative reduction in the annual 
incidence of breast cancer, reported this year at a median 35 month follow up {HR=0.35). Differences in 
toxicity between the two groups were small, consisting primarily of hot flashes, insomnia, arthralgias, 
fatigue, and sexual dysfunction. Although no approval from the FDA for the indication of primary risk 
reduction is expected to be filed, given the impressive results of this trial, it is expected that aromatase 
inhibitors will be embraced by the oncology community as chemoprevention agents.36 
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Future Directions 

Although significant progress has been made in the field of breast cancer prevention, more work is 
needed. Future studies are needed in the development of effective preventive agents with less toxicity, 
better tools for accurate risk assessment, and therapy to impact the risk of ER- disease. In the era of 
new targeted therapies, proteomics, and gene expression signatures of various cancers, we need to 
continue to focus research on the role prevention can play in the complex and multifaceted steps that 
lead to the cancerization of a cell. In addition, we need better tools to assess risks in the minority 
populations as the prevention studies to date were comprised primarily of Caucasian women. We need 
to implement effective educational programs to make women aware of modifiable risk factors and the 
role they can play in reducing their own risk. In addition, we need better tools to educate the population 
of primary care physicians who are on the frontline in caring for women so that appropriate referrals of 
women at increased risk of breast cancer can be made to oncologists and breast surgeons. With such a 
low percentage of high risk women taking advantage of the most effective therapy available to them, 
that being SERM's, and now with the results of the MAP.3 trial, anti-estrogens, it is even more crucial 
that we encourage our patients to make the healthy lifestyle changes that can make a positive impact in 
lowering their risk of breast cancer. 

To quote Nancy Davidson MD: 
"Breast cancer is the second most common cause of death from cancer and one of the most feared 
diagnoses for women in the United States. We have the knowledge and tools to reduce its incidence 
today. We have run out of excuses. What are we waiting for?" 
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