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Until recently, the primary message of breast health awareness programs
has been that early detection is a woman’s best protection against breast
cancer, because there was no way to prevent the disease. Currently, however,
tamoxifen is approved by the Food and Drug Administration (FDA) for
chemoprevention of breast cancer in high-risk women, and studies are un-
derway to evaluate other medications that may decrease the risk of breast
cancer. Data have also become available regarding the efficacy of surgical
strategies to reduce breast cancer risk. Any prevention method, however,
will have associated risk of complications or adverse effects, and determin-
ing the net risk/benefit ratio depends on the ability to quantify accurately
a woman’s baseline likelihood of developing breast cancer. This article re-
views available methods for assessing and reducing risk breast cancer.

Breast cancer risk assessment

The most common means of estimating an individual woman’s risk of
developing breast cancer is by application of a statistical tool known as the
Gail model. TheGail model was derived from data from anAmerican Cancer
Society study regarding feasibility of mammographic screening of the Amer-
ican female population, the Breast CancerDetection andDemonstration Pro-
ject (BCDDP). Breast cancer risk factors generated from a case control subset
of BCDDP participants are combined with estimates of baseline risk
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generated from the Surveillance, Epidemiology, andEndResults (SEER) pro-
gram incidence data to compute individualized, absolute estimates of breast
cancer risk [1]. Risk factor components of the Gail model include age at
time of counseling, age at menarche, age at first live birth, history of prior
breast biopsies, and first-degree relatives who have breast cancer.

The Gail model was modified for determination of eligibility to partici-
pate in the National Surgical Adjuvant Breast Project (NSABP) chemopre-
vention trials, and the modified version was made available as a Web-based
program (http://www.nci.nih.gov/bcrisktool/). These modifications allowed
for prediction of invasive breast cancer only; they accounted for risk related
to history of atypical hyperplasia; and they included adjustments to predict
risk in African American women [2]. Women aged 35 years and older were
deemed eligible to participate in the first chemoprevention trial if they had
a 5-year risk of at least 1.7%.

Model accuracy for predicting number of breast cancers detected in
independent cohorts of white American women has been validated in studies
of screened Texas women [3], the Nurses’ Health Study [4,5], and the placebo
arm of the NSABP’s first Breast Cancer Prevention Trial (BCPT) [2].
Limitations of the Gail model (and its modifications) include the facts that
it does not account for paternal cancer history or the extended family cancer
history, and its uncertain validity for assessing risk in non-white American
women. Although the model is well-suited for identifying cohorts of women
who are appropriate to participate in a chemoprevention trial, its discrimina-
tory accuracy at the individual level has been assessed as modest [5].

Alternative strategies for estimating breast cancer risk have therefore
been explored, such as random periareolar fine-needle aspiration biopsy
(RPFNA) [6,7], ductal lavage [8], mammographic density [9,10], and endog-
enous hormone levels [11–13]. RPFNAs have limited applicability because
of the invasive nature, ductal lavage enjoyed limited popularity because of
the specialized training and equipment required, and measurement of circu-
lating hormones is associated with substantial interlaboratory variability in
technology. Mammographic density, however, has recently generated sub-
stantial enthusiasm as a powerful feature that can be incorporated into
accurate breast cancer statistical models, with improved discriminatory
accuracy compared with the standard Gail model [14,15]. Unfortunately,
however, mammographic density is not a standardized component of rou-
tine mammographic reporting [16].

Medical risk reduction with chemoprevention

The ability to manipulate hormonally breast tissue and thereby reduce
proliferative changes that would otherwise evolve into cancer has been rec-
ognized over the past several decades. Women using tamoxifen for a unilat-
eral breast cancer were seen to have a 47% lower risk of second primary/
contralateral breast cancer compared with breast cancer patients not treated

http://www.nci.nih.gov/bcrisktool/
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with tamoxifen. These data motivated implementation of the first large-scale
chemoprevention trial conducted in the United States, the NSABP P-1 study
[17]. This was a prospective, placebo-controlled, randomized study of ta-
moxifen in 13,880 high-risk women. Eligibility criteria to participate in
the P-1 study included aged least 60 years; a 5-year Gail model breast cancer
risk estimate of more than 1.66%; and history of lobular carcinoma in situ
(LCIS). After 54 months median follow-up, the trial was unblinded early be-
cause of the magnitude of difference in breast cancer incidence between the
treated and control arms of the study, revealing that tamoxifen lowered
breast cancer risk by 49%. It is therefore now considered standard of care
to evaluate breast cancer risk factor information in women and to counsel
high-risk women about the options of chemoprevention.

Unfortunately, however, making a commitment to 5 years of tamoxifen is
not easy, because several potentially severe adverse reactions can be associated
with this therapy. Tamoxifen’s effects on estrogen receptors in the uterus, vas-
cular system, and central nervous system increase risks of uterine cancer,
thromboembolic phenomena (deep vein thrombosis and pulmonary emboli),
and vasomotor symptoms (eg, hot flashes, night sweats), respectively. Par-
tially offsetting these risks are tamoxifen’s estrogen agonist effects on the skel-
etal system and lipid profile, resulting in a reduced incidence of osteoporosis
and lower serum cholesterol levels. NSABP P-1 study participants in the pre-
menopausal age range were relatively protected from adverse tamoxifen ef-
fects [17]; however, the safety of tamoxifen during fetal development has
not been established, and chemopreventionwith this agent is therefore contra-
indicated in women who are contemplating pregnancy. Otherwise, tamoxifen
has a favorable risk-benefit ratio in high-risk premenopausal women.

Complicating the chemoprevention decision process further is the fact that
tamoxifen will only reduce the incidence of estrogen receptor-positive tumors.
Tamoxifen has no impact on the occurrence of estrogen receptor-negative dis-
ease, a potentially significant issue in counseling women who harbor mutations
in one of the breast cancer susceptibility genes. Subset analysis of genetically-
tested NSABP P-1 participants demonstrated that tamoxifen does not reduce
breast cancer risk in BRCA1 gene mutation carriers; however, it does appear
to offer some chemoprevention benefit in BRCA2 mutation carriers [18]. This
is consistent with prior studies revealing that BRCA2 mutation-associated tu-
mors are similar in histopathology to sporadic breast cancer, whereas
BRCA1cancers aremore likely tobe estrogen receptor-negative andaneuploid.

The ideal selective estrogen receptor modulator (SERM) would retain
antiproliferative activity in the breast, but without subjecting the patient
to the negative risks. Raloxifene is a SERM that is approved by the FDA
for management of postmenopausal osteoporosis, and preliminary evidence
from its use in this setting suggested that it would have similar activity as
tamoxifen in breast cancer prevention, but with fewer adverse effects. The
NSABP’s second chemoprevention trial, the Study of Tamoxifen and Ra-
loxifene (STAR), randomized more than 19,000 high-risk postmenopausal
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women to receive one of these two SERMs for 5 years. Premenopausal
women were ineligible for STAR participation because of the absence of
data on raloxifene’s effects in young, ovulating women.

Results of the STAR trial were released recently [19,20], demonstrating
comparable effectiveness for tamoxifen and raloxifene in preventing invasive
breast cancer (incidence 4.3 per 1000 versus 4.4 per 1000; relative risk (RR)
1.02; 95% confidence interval [CI], 0.82–1.28). Surprisingly, women ran-
domized to receive raloxifene had a slightly higher (but not statistically sig-
nificant) incidence of ductal carcinoma in situ compared with the tamoxifen
arm (2.11 per 1000 versus 1.51 per 1000; RR 1.40; 95% CI 0.98–2.00). The
two study arms were similar in risk for ischemic heart disease, osteoporotic
fractures, and stroke. Raloxifene was associated with less morbidity from
thromboembolic phenomena and cataracts, and a trend for fewer uterine
cancers was also observed in the raloxifene arm. A quality-of-life analysis
revealed low symptom severity in both study arms, but slight increases in va-
somotor symptoms, leg cramps, and bladder problems were reported in the
tamoxifen arm [21].

One theory of breast carcinogenesis proposes that risk of malignant trans-
formation is related to lifetime exposure of breast tissue to cyclic extremes in
the levels of circulating hormones. Accordingly, it is postulated that stabili-
zation of estrogen levels will decrease the incidence of mammary neoplasia.
Studies of gonadotropin-releasing hormone agonists in conjunction with
low-dose hormone replacement therapy are therefore underway as a means
of testing this hypothesis, and preliminary results have shown that this ap-
proach can successfully decrease mammographic density [22]; however, lon-
ger follow-up is needed to evaluate actual chemoprevention efficacy.

Recent data on the efficacy of aromatase inhibitors for adjuvant therapy
in breast cancer have revealed that these agents also possess significant che-
moprevention activity [23]. Table 1 [17,23–35] summarizes reported data on
the risk-reducing strength of various medical therapies.

Surgical risk reduction with prophylactic oophorectomy or prophylactic

mastectomy

Premenopausal prophylactic oophorectomy and prophylactic mastec-
tomy are additional options as surgical strategies for breast cancer risk re-
duction. Surgical menopause before age 35 years is an established
protective factor against breast cancer risk. Availability of BRCA testing
has resulted in the identification of women from hereditary breast-ovarian
cancer families, and these women are especially motivated to consider pro-
phylactic removal of the ovaries. Published case-control data (Level II evi-
dence) by Rebbeck and colleagues [36] and Kauff and colleagues [37] have
confirmed that prophylactic oophorectomy in this setting can decrease
breast cancer incidence by approximately 50%. Premature menopause, how-
ever, is associated with an increased risk of osteoporosis and atherosclerotic
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cardiovascular disease. Interestingly, the breast cancer protection afforded
by prophylactic oophorectomy was not diminished by hormone replacement
therapy in the Rebbeck and colleagues [36] study.

Prophylactic mastectomy is a dramatic and extreme maneuver to decrease
breast cancer risk, yet only recently has its efficacy in high-risk women been
documented. Early reports of prophylactic mastectomy in humans [38,39]
demonstrated a 1% to 2% failure rate, but these studies were flawed by lim-
ited follow-up, and by the inclusion of many women who were probably at
low-risk for developing breast cancer. Women at risk for hereditary breast
cancer would potentially be most susceptible to a failed prophylactic mastec-
tomy, as in these cases any microscopic amount of residual breast tissue
would harbor the germ line predisposition for malignant transformation.

Hartmann and colleagues [40], have made valuable contributions to our
understanding of the efficacy of prophylactic mastectomy through their me-
ticulous scrutiny of the Mayo Clinic database. This analysis yielded 639 pro-
phylactic mastectomy patients who had documented increased risk on the
basis of family history of breast or ovarian cancer. These high-risk patients
were further stratified into very high-risk (214 patients) and moderately
high-risk (425 patients) subsets based on extent of family history. Outcome
regarding number of subsequent breast cancers occurring among the very-
high-risk subset was compared with the number of breast cancers developing
among the female siblings of these patients. For the moderate-risk patients,
efficacy of the prophylactic surgery was evaluated by calculating the number
of expected cancers based on summing of the individual Gail model risk es-
timates for the entire group. Survival analyses were performed by projecting
anticipated longevity based on population-based data. With a median fol-
low-up of approximately 14 years, seven breast cancers were detected in
the prophylactic mastectomy patients (three in the very-high risk subset
and four in the moderate-risk subset) consistent with a 90% reduction in
breast cancer risk and mortality in both categories of high-risk patients.

Subsequent study of the Hartmann database [41] reported results of pro-
phylactic mastectomy in women who were also found to be BRCA mutation
carriers, and confirmed an equivalent magnitude of breast cancer risk reduc-
tion. Similarly, Meijers-Heijboer and colleagues [42] reported outcome for 76
BRCA-mutation carriers followed prospectively after having undergone pro-
phylactic mastectomy, and found no tumors developing with an average fol-
low-up of nearly 3 years. Hence, reliable evidence does indicate that
prophylactic mastectomy will effectively and substantially reduce the inci-
dence of breast cancer in high-risk women, although the protection conferred
is not complete.

Summary

Options for breast cancer risk assessment continue to evolve, and risk re-
duction strategies are expanding as well. Breast cancer screening and
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diagnostic work-up for abnormalities should always be prioritized, but
healthy women also deserve to receive appropriate counseling regarding their
level of risk for breast cancer. Referral to genetic counseling services or to
a breast specialist with expertise in chemoprevention should be provided as
necessary.
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