
REVIEW

CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 89  • NUMBER 11  NOVEMBER 2022  643

Reducing the risk of breast cancer

Holly J. Pederson, MD
Director, Medical Breast Services, Cleveland Clinic Breast 
Center, Cleveland Clinic, Cleveland, OH; Department of 
General Surgery, Digestive Disease and Surgery Institute, 
Cleveland Clinic, Cleveland, OH; Associate Professor, 
Cleveland Clinic Lerner College of Medicine of Case 
Western Reserve University, Cleveland, OH; Former Member 
of the National Comprehensive Cancer Center Committees 
for Breast Cancer Risk Reduction and Genetic/Familial 
High-Risk Assessment: Breast, Ovarian, and Pancreatic

Zahraa Al-Hilli, MD 
Department of General Surgery, Digestive Disease and 
Surgery Institute, Cleveland Clinic, Cleveland, OH; Clinical 
Assistant Professor, Cleveland Clinic Lerner College of 
Medicine of Case Western Reserve University, Cleveland, OH

Allison W. Kurian, MD
Departments of Medicine and of Epidemiology & Population 
Health, Stanford University, Stanford, CA

ABSTRACT
Breast cancer remains the most common female 
malignancy in the United States. Reducing this cancer 
burden involves identifi cation of high-risk individuals 
and personalized risk management. Because coronary 
artery disease remains the primary cause of death for 
women, any intervention to reduce breast cancer risk 
must be weighed against comorbidities and interventions 
affecting cardiovascular risk reduction. For select women 
at increased risk for breast cancer, preventive medication 
can greatly decrease risk and is vastly underutilized. 
Women’s health clinicians are poised to evaluate risk, 
promote breast cancer risk reduction, and manage overall 
health.

KEY POINTS
Patients with atypical hyperplasia (ductal or lobular) or 
lobular carcinoma in situ greatly benefi t from risk-reduc-
ing medication. 

Benefi ts of risk-reducing medication likely outweigh risks 
if the 5-year risk estimate is 3% or greater with the Gail 
model, or if the 10-year risk is 5% or greater with the 
Tyrer-Cuzick model.

Carriers of genetic or likely pathogenic variants who are 
predisposed to estrogen-receptor–positive breast cancers 
should consider preventive medication.

Cardiovascular risk and risk reduction as it relates to 
hormonal manipulation must weigh into decision-making. 

Obesity management and alcohol reduction are critical in 
all patients.

One in 8 women (13%) will develop breast 
cancer in her lifetime, at a median age of 

62.1 We aim to help practitioners identify patients 
at risk, understand options for risk reduction, 
and determine when the benefi ts of risk-reduc-
ing medications outweigh the risks. High-risk 
individuals include those with hereditary cancer 
syndromes, adverse genomic profi les, personal or 
family history of breast cancer, or benign high-
risk lesions, and cancer survivors who underwent 
therapeutic irradiation as part of prior treatment 
before age 30.2–4 In some scenarios, absolute risks 
are well defi ned, and in others, risk modeling can 
support decision-making.2,3

The pillars of breast cancer risk management 
include enhanced surveillance with contrast-en-
hanced magnetic resonance imaging (MRI), 
risk-reducing endocrine therapy, and risk-reduc-
ing surgery.3 Enhanced surveillance is recom-
mended for patients meeting certain criteria. A 
discussion of risk-reducing surgery is advised for 
those with pathogenic variants (PVs) or likely 
pathogenic variants (LPVs) in highly penetrant 
genes (BRCA1, BRCA2, PALB2, CDH1, 
TP53, STK11, and PTEN) and is considered 
for those with a compelling family history or a 
history of therapeutic thoracic radiation before 
age 30.5 Discussing preventive medication in 
patients predisposed to estrogen-receptor–posi-
tive (ER+) breast cancers is clinically indicated, 
and a solid understanding of risk assessment and 
risk reduction is critical for the primary care pro-
vider to decrease morbidity and mortality. Four 
medications are recommended for breast cancer 
prevention: tamoxifen, raloxifene, exemestane, 
and anastrozole.6 

We review here the approach to risk assess-
ment, specifi c agents used in risk reduction, 
patient selection, and timing of therapy within 
a framework for personalized risk management.doi:10.3949/ccjm.89a.21113
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 ■ IDENTIFYING THOSE AT HEREDITARY RISK

Identifi ed germline PVs or LPVs in genes associated 
with hereditary breast cancer account for 5% to 10% 
of breast cancer cases.1 The National Comprehen-
sive Cancer Network (NCCN), the United States 
Preventive Services Task Force (USPSTF), and other 
organizations recommend that primary care providers 
assess family history to identify those at hereditary risk, 
ideally by age 30 (Table 1).5,7,8 It is most important to 
identify patients with increased hereditary risk as breast 
cancers occur more frequently and at a much younger 
age.9 Historically, few patients met early eligibility cri-
teria for genetic testing. Over time, however, guidelines 
have broadened, refl ecting emerging evidence that ger-
mline PVs and LPVs are more common than previously 
believed. In a study of more than 4,100 patients in 2 large 
obstetrics-gynecology practices, 23.8% met criteria for 
genetic testing.10 Another recent study of underserved 
patients at an urban academic medical center also found 
that 24.4% of patients met USPSTF criteria for genetic 
counseling.11 It is not uncommon for patients needing 
genetic counseling to present to a generalist’s practice.

Genetic testing refers to clinical-grade next-gener-
ation multigene panel sequencing of highly penetrant 

and moderately penetrant genes causal in hereditary 
breast cancer.4 These genes are inherited in an autoso-
mal dominant fashion: only 1 copy of the malfunction-
ing gene need be inherited to exhibit the syndrome. 
As testing becomes more common, practitioners must 
understand how to interpret results. And as data have 
matured, estimates of risk and recommendations for 
management of carriers of PVs  or LPVs in breast can-
cer predisposition genes have been refi ned by national 
cancer organizations such as NCCN.5 

For example, a negative result must be interpreted 
based on what is known in the patient’s family. If the 
patient is a “true negative” for a known highly pene-
trant PV, that person returns to a population-level risk 
estimate (eg, that of average women). True negatives 
for moderate-risk genes, uninformative negatives (a 
negative result in a patient or family member of that 
patient), and patients with “variants of uncertain 
signifi cance” (considered to be clinically negative) 
default to the use of mathematical risk modeling for 
risk estimation and management.

Multifactorial risk models have been developed 
to inform practitioners about eligibility for enhanced 
surveillance with contrast-enhanced MRI and to 
guide discussions with patients about preventive med-
ication.2 The development of breast cancer in families 
with moderate-risk genes and in families where there is 
“clustering” but no identifi ed genetic mutation may be 
infl uenced by other factors that modulate an individual’s 
risk, so a negative test for a moderately penetrant famil-
ial variant does not negate possible risk.2,12 

Common genetic variants called single nucleotide 
polymorphisms, in combination, may explain up to 
18% of familial clustering.1,13 The polygenic risk score 
(a weighted sum of these breast cancer-associated single 
nucleotide polymorphisms) may further refi ne risk esti-
mates in both carriers and noncarriers of PVs or LPVs. 
This genomic contribution to risk assessment will be 
further discussed.

 ■ PREVENTIVE MEDICATION IN GENE CARRIERS

For patients with PVs or LPVs in breast cancer pre-
disposition genes, there are evidence-based risk-man-
agement guidelines.5 Risk-reducing salpingo-oo-
phorectomy (RRSO) is recommended in BRCA1 
carriers between ages 35 and 40 and in BRCA2 car-
riers between ages 40 and 45.5 Consequences of early 
surgical menopause include an increased risk of car-
diovascular disease, accelerated bone loss, dementia, 
and increased overall mortality.14 Additionally, many 
women suffer from severe vasomotor symptoms, sleep 

TABLE 1
Guidelines to evaluate for hereditary 
breast cancer
• Age 50 or younger
• Ovarian cancer (at any age)
• Triple-negative breast cancer (at any age)
• Male breast cancer (at any age)
• Multiple primary breast cancers
• Pancreatic cancer
• Metastatic prostate cancer
• Three or more diagnoses of breast cancer in the patient or a
     close blood relative
• Two or more close (fi rst-degree) relatives with breast or
     prostate cancer at any age 
• To aid in treatment decisions using poly(adenosine
     diphosphate-ribose) polymerase (PARP) inhibitors in patients
     with metastatic or very-high-risk breast cancer
• Lobular breast cancer with a personal or family history of
     diffuse gastric cancer
• Ashkenazi Jewish ancestry 
• Finding of a mutation in somatic tumor testing
• A patient without a cancer diagnosis but with a fi rst-,
     second-, or third-degree relative meeting the above criteria:
     Exceptions: 1) If patient is eligible for PARP inhibitors; 
     2) If patient meets testing criteria based only on pancreatic
     cancer or metastatic prostate cancer, the affected relative
     must be a fi rst-degree relative

Based on information in references 5, 7, and 8.
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disturbance, fatigue, anxiety, depression, urogenital 
changes, and sexual dysfunction.14 Thus, systemic 
hormone therapy is recommended unless otherwise 
contraindicated for BRCA1/2 PV and LPV carriers 
undergoing early RRSO until the age when natural 
menopause would have occurred (approximately age 
50), and generally precludes the use of preventive 
agents.15–17 Studies suggest that undergoing RRSO 
before age 50 is associated with a decrease in breast 
cancer risk, all-cause mortality, and breast cancer mor-
tality, particularly in those with BRCA2 PVs or LPVs. 
This breast cancer risk reduction is not mitigated by 
postmenopausal hormonal therapy.15,18

Cardiovascular risk
While previous American Heart Association guide-
lines noted that early menopause increases cardiovas-
cular disease risk, it is now recognized that coronary 
heart disease risk accelerates in average-risk women 
during the menopause transition and after meno-
pause.19 Literature suggests that menopausal hormone 
therapy in women ages 50 to 59 is associated with 
improved cardiovascular morbidity and all-cause 
mortality (in healthy average-risk women).19,20 Addi-
tionally, the Women’s Health Initiative studied the 

administration of conjugated equine estrogen, with 
more than 20 years of follow up (in average risk women 
randomized to estrogen or placebo), and showed that 
use of conjugated equine estrogen in postmenopausal 
women with prior hysterectomy was signifi cantly 
associated with a lower risk of breast cancer incidence 
and mortality.21 Although this fi nding cannot be 
extrapolated to “previvors” (unaffected gene carriers) 
with early surgical menopause, the data are provoca-
tive and should be discussed with patients at the time 
that hormone use would typically be discontinued.

Preventive endocrine therapy
Germline PV and LPV carriers predisposed to ER+ 
breast cancers may benefi t from preventive endocrine 
therapy. In a study of more than 50,000 breast cancer 
patients, tumor pathology was associated with known 
breast cancer predisposition genes.22–26 ER+ tumors 
are commonly seen in patients with pathogenic or 
likely pathogenic variants in BRCA1 (after age 50), 
BRCA2, PALB2, ATM, CHEK2, CDH1, and TP53. 
Estrogen-receptor–negative (ER–) or triple-negative 
breast cancers are more common in patients with PVs 
and LPVs in BRCA1 under age 50 and in patients 
with BARD1, RAD51C, and RAD51D (Table 2). 

TABLE 2
An overview of tumor pathology in hereditary breast cancer 

Gene with pathogenic 
variant

Estrogen-receptor–
positive tumor

Estrogen-receptor–negative 
tumor

Triple-negative
tumor

BRCA1 Increasingly positive after
age 50

+++ particularly before age 50 +++ particularly before age 50

BRCA2 ++ Over-representation,a but still 
primarily estrogen-receptor–positive

Over-representation,a but still primarily 
estrogen-receptor–positive

PALB2 ++ Over-representation,a but still 
primarily estrogen-receptor–positive

Over-representation,a but still primarily 
estrogen-receptor–positive

ATM +++

CHEK2 +++

CDH1 +++

TP53 +++

BARD1 +++ +++

RAD51C +++ +++

RAD51D +++ +++

aEstrogen receptor tumors are more common than in the general population but are still not the predominant type of tumor pathology.

+ = relative prevalence
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Follow-up studies will determine the effectiveness 
of preventive endocrine therapy in patients with hered-
itary cancer syndromes, but the medication will most 
likely be effective in patients prone to ER+ disease, 
given the mechanism of action of these medications. 
Data from the Breast Cancer Prevention Trial of the 
National Surgical Adjuvant Breast and Bowel Project 
suggested that tamoxifen reduced breast cancer risk 
by 62% in BRCA2 carriers (risk ratio [RR] 0.38; 95% 
confi dence interval [CI] 0.06–1.56) but not in BRCA1 
carriers (RR 1.67; 95% CI 0.32–10.07).27 However, 
these were very small numbers, and results did not 
meet statistical signifi cance. Of the 288 women who 
developed breast cancer among the more than 13,000 
in the study, only 8 had BRCA1 PVs or LPVs, and 11 
had BRCA2 PVs or LPVs.27 There are no published 
data in other gene PV and LPV carrier groups.

The most important factors infl uencing risk 
in patients without germline PVs or LPVs 

are family history, atypical benign
 breast lesions, and extreme breast density

 ■ RISK MODELING

In noncarriers of PVs or LPVs, in patients with vari-
ants of uncertain signifi cance, or in untested patients 
with a family history or other risk factors, risk can be 
estimated using models. Short-term thresholds have 
been suggested at which the benefi ts of preventive 
therapy likely outweigh the risks; risks for coronary 
artery disease and venous thromboembolism must 
also be considered.3

The most important factors infl uencing risk are 
family history, atypical benign breast lesions, and 
extreme breast density. Breast density is a term that 
describes the relative amounts of glandular and fi brous 
connective tissue vs fatty tissue seen on a mammo-
gram.28,29 Women with heterogeneously dense tissue 
(approximately 40% of women) and women with 
extremely dense tissue (approximately 7% of women) 
are considered to be mammographically “dense.”29 
Women with extremely dense breast tissue are at 
increased risk of breast cancer, and detection is more 
diffi cult with mammography alone.30

Tyrer-Cuzick, CanRisk, and Gail models
Some risk models (eg, Tyrer-Cuzick, CanRisk) incor-
porate fi rst-, second-, and third-degree relatives, 
family size, and genetic testing in their risk estima-

tion.31,32 Breast density, postmenopausal hormone 
use, lobular carcinoma in situ (LCIS), and polygenic 
risk score are also incorporated into the Tyrer-Cuzick 
and CanRisk models. The Tyrer-Cuzick model uses 
the BRCA status of tested family members, and the 
CanRisk model has recently been updated to incor-
porate the effects of PALB2, CHEK2, and ATM PVs 
and LPVs as well. It also incorporates lifestyle factors 
and disease pathology and predicts both breast and 
ovarian cancer risk.31,32 

The modifi ed Gail model, also known as the 
Breast Cancer Risk Assessment model (http://bcrisk-
tool.cancer.gov) is clinically the most commonly 
used model, validated in women age 35 and older. 
It involves 8 questions and provides estimates of 
5-year and lifetime risk. However, it does not apply 
to women with a history of LCIS, incorporates only 
fi rst-degree relatives, and does not take into account 
age at diagnosis, paternal history, anthropomorphic or 
lifestyle factors, genetic testing, or breast density. If 
a woman has an estimated 5-year risk of developing 
breast cancer of at least 1.66% using the Gail model, 
risk-reducing medication might be discussed, though 
the threshold at which the benefi ts outweigh the risk 
is felt to be 3% or greater.6,33–35

The Tyrer-Cuzick model (http://www.ems-trials.
org/riskevaluator/) takes more time to complete but 
is manageable in a busy clinic and provides estimates 
of short-term and lifetime risk. The CanRisk model 
(http://www.canrisk.org) is comprehensive but would 
likely need to be done outside of a routine clinical 
visit.

An international validation study with long-term 
follow-up comparing the models showed that mod-
els that include a multigenerational family history 
have better ability to predict risk.36 The USPSTF 
suggests that if the 5-year estimated risk using the 
Gail model is 3% or greater, the benefi t of preven-
tive medication likely outweighs the risks in the 
absence of contraindications.7 The American Soci-
ety of Clinical Oncology recommends a threshold of 
5% or greater using the 10-year risk estimate from 
the Tyrer-Cuzick model.37

 ■ MAMMOGRAPHIC DENSITY, BENIGN ATYPICAL 
LESIONS, AND THERAPEUTIC CHEST IRRADIATION

Density
Although breast density is an important indepen-
dent risk factor for breast cancer,38 no recommen-
dations currently exist for the use of preventive 
medication based solely on density. Discussion of 
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supplemental imaging is warranted, particularly in 
high-risk patients.

Atypical lesions
In women with benign atypical biopsy lesions and in 
women with LCIS, preventive therapy is highly rec-
ommended. Atypical ductal hyperplasia (ADH) or 
atypical lobular hyperplasia (ALH) confers an approx-
imately 30% risk of breast cancer at 25 years of follow 
up.39–41 LCIS is associated with a risk of approximately 
2% per year.42 The risk increases if ADH, ALH, or 

LCIS is detected in younger women and if more tissue 
is involved (measured as the number of terminal duct 
lobular units involved).39 

Chest irradiation
Therapeutic thoracic radiation in a patient under 
age 30 (eg, to treat Hodgkin lymphoma) results in a 
breast cancer risk exceeding 35% by age 5043 and may 
be associated with a higher mortality risk.44 A study 
examining low-dose tamoxifen (5 mg daily for 2 years) 
demonstrated reduction in established biomarkers of 

TABLE 3
Medications used for breast cancer risk reduction: A brief summary of clinical trials

Trial N Eligibility HRa HRb NNT

NSABP P-1
5-year trial
Tamoxifen 20 mg
  vs placebo33

13, 388 Pre- and post-
menopausal; 
Gail model-estimated
5-year risk ≥ 1.66% 

0.51 0.14 for AH; 0.44 for LCIS 22

IBIS-1
5-year trial
Tamoxifen 20 mg
  vs placebo48

7,154 Pre- and post-
menopausal; 
50% on hormone-
replacement therapy

0.75; with
long-term 
follow-up 0.71

Not stated Not stated

STAR P-2
5-year trial
Tamoxifen 20 mg
  vs raloxifene
  60 mg34,50

19,747 Postmenopausal Equal at 5 
years; with 
long-term 
follow-up; 
raloxifene = 
0.62

Equal Not stated
(about 22)

MAP.3
3-year trial
Exemestane 25 mg,
  exemestane 25 mg
  plus celecoxib, 
  vs placebo46

4,560 Postmenopausal 0.35 0.36 (for AH/LCIS combined) 26 at 5 years

IBIS II
5-year trial
Anastrozole 1 mg
  vs placebo47

3,864 Postmenopausal 0.47 0.31 (for AH/LCIS combined) 29c

Low-dose tamoxifen
3-year trial
Tamoxifen 5 mg
  vs placebo49

500 Pre- and post-  
menopausal;
included patients  
with ductal  
carcinoma in situ

0.48 Not stated 22

aFor reduction in invasive breast cancer.
bFor reduction in invasive breast cancer in patients with AH and LCIS.
cTo prevent 1 cancer in 7 years of follow-up, 36 women would need to be treated.

AH = atypical hyperplasia; HR = hazard ratio; IBIS = International Breast Cancer Intervention Study; LCIS = lobular carcinoma in situ; MAP = Mammary 
Prevention trial; NNT = number needed to treat; NSABP = National Surgical Adjuvant Breast and Bowel Project; STAR = Study of Tamoxifen and Raloxifene
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risk (mammographic density and serum insulin-like 
growth factor-1 levels) in these patients.45 

 ■ PREVENTIVE AGENTS

Table 333,34,46–50 summarizes trials of 4 medications 
used for breast cancer risk reduction: tamoxifen, 
raloxifene, exemestane, and anastrozole. In breast 
cancer treatment trials,33,34,46–52 tamoxifen and the 
aromatase inhibitors prevented not only breast can-
cer recurrence, but also contralateral disease. Ralox-
ifene had been shown in osteoporosis trials to reduce 
breast cancer risk.52 Thus, these agents were selected 
for randomized trials of primary reduction of breast 
cancer risk. The following section will review the 
medications, results of relevant clinical trials, and side 
effects. The clinical trials were all randomized and 
double-blind, and all except the Study of Tamoxifen 
and Raloxifene were placebo-controlled.50 Although 
breast cancer rates decreased overall with the use of 
these medications,33,34,46,47 no decrease in mortality has 
been demonstrated to date.

The protective effects of risk-reducing agents 
persist at least 10 years

 after stopping the medication

Selective estrogen receptor modulators:
Tamoxifen and raloxifene
Selective estrogen receptor modulators (SERMs) are 
a class of drug that acts on the estrogen receptor with 
action that varies by tissue, selectively inhibiting or 
stimulating estrogen-like action. Contraindications 
to SERMs include a history of deep vein throm-
bosis or pulmonary embolism, thrombotic stroke, 
retinal vein thrombosis, transient ischemic attack, 
or known inherited clotting predisposition. They 
should not be used while pregnant or breastfeeding or 
with concurrent use of warfarin or estrogen.53 Other 
considerations include the presence of independent 
risk factors for thromboembolic disease (advancing 
age, obesity, smoking),54 migraine with aura (due to 
concern for stroke),55 and use of an unreliable birth 
control method along with use of tamoxifen.53 Given 
the increased risk of thromboembolic disease with 
SERMs, it is imperative that women be assessed 
for personal and familial risks for this potential 
complication. 

Tamoxifen was approved in 1998 by the US Food 
and Drug Administration (FDA) for breast cancer risk 

reduction following results of the National Surgical 
Adjuvant Breast and Bowel Project P-1 study.33 The 
study showed an approximate 50% reduction in inva-
sive and noninvasive breast cancer in premenopausal 
and postmenopausal women, and a greater reduction 
in women with atypical hyperplasia or LCIS.33 

The study randomized 13,388 women at increased 
risk of breast cancer to receive tamoxifen 20 mg daily 
for 5 years or placebo.33 Women were considered at 
increased risk of breast cancer if they were age 60 or 
older, were age 35 to 59 with a 5-year risk of 1.66% 
or higher (using the Gail model), or had a history of 
LCIS.33 A reduction in rate of fractures of the hip, 
radius (Colles fracture), and spine was observed in the 
tamoxifen arm, and no effect was noted on the rate of 
ischemic heart disease. There was an increased risk of 
endometrial cancer (5.4 per 1,000 women in the pla-
cebo group, and 13 per 1,000 women in the tamoxifen 
group at 66 months).33

There were 18 pulmonary emboli in the tamoxifen 
group vs 6 in the placebo group (RR 3.01; 95% CI 
1.15–9.27).33 The average annual rate of deep vein 
thrombosis was 1.34 vs 0.84 per 1,000 women in the 
tamoxifen vs placebo-treated groups (RR 1.60; 95% 
CI 0.91–2.86), which reached statistical signifi cance 
only in women age 50 and older.33

The rate of cataract formation in women who were 
cataract-free at randomization was 21.72 per 1,000 in 
the placebo group and 24.82 per 1,000 in the tamoxi-
fen group (RR 1.14; 95% CI 1.01–1.29).33

In healthy premenopausal women, there was no 
statistically signifi cantly increased risk of serious side 
effects with tamoxifen, and it was generally well tol-
erated.33 Vasomotor symptoms were common in both 
the tamoxifen and control groups but more common 
in the tamoxifen group, and the drug was associated 
with vaginal discharge.33 Benefi ts have been shown 
to persist for at least 10 years after stopping the 
medication.48

The recommended duration of tamoxifen therapy 
for risk reduction is 5 years.6,7,37 Another option for 
patients with ADH, ALH, or LCIS is “low-dose” 
tamoxifen.37 A 2019 study from Italy cited a 50% risk 
reduction with the use of 5 mg daily for 3 years in this 
population.49 As 5-mg tablets are not available in the 
United States, an alternate regimen is 10 mg every 
other day. The effi cacy of low-dose tamoxifen seems 
to be greater, however, in postmenopausal women.55 

Raloxifene (also FDA-approved for osteoporosis 
prevention) was FDA-approved for breast cancer risk 
reduction in September 2007 after the publication of 
results from the National Surgical Adjuvant Breast 
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and Bowel Project Study of Tamoxifen and Raloxifene 
P-2 trial.34,56 The Study of Tamoxifen and Raloxifene 
randomized 19,747 postmenopausal women with a 
mean age of 58.5 and a mean Gail model-estimated 
5-year breast cancer risk of 4.03% to either tamoxifen 
20 mg or raloxifene 60 mg daily for 5 years.34 There 
were 36 cases of uterine cancer with tamoxifen and 
23 with raloxifene (RR 0.62; 95% CI 0.35–1.08), and 
cumulative uterine cancer incidence rates through 
7 years were 14.7 per 1,000 for tamoxifen and 8.1 
per 1,000 for raloxifene (P = .07). Thromboembolic 
events were less common with raloxifene (RR 0.70; 
95% CI 0.54–0.91), and no differences were found 
for ischemic heart disease or stroke. There were 
also fewer cataracts (RR 0.79; 95% CI 0.68–0.92). 
Osteo porotic fractures and death were similar in the 
2 groups. Tamoxifen and raloxifene had equivalent 
effects in reducing the risk of invasive breast cancer 
in all examined subgroups, including women with a 
history of atypical hyperplasia and LCIS, who had 
the highest annual rates of developing breast cancer. 
Tolerance was similar.34

At a mean follow-up of 81 months, raloxifene 
retained 76% of the effectiveness of tamoxifen (with 
a 38% reduction in breast cancer risk) with less endo-
metrial cancer risk (RR = 0.55; 95% CI 0.36–0.83; 
P = .003).50 The superiority of tamoxifen in reducing 
risk comes with signifi cant costs in postmenopausal 
women: more endometrial cancers, hysterectomies 
for benign disease, thromboembolic events, and cata-
racts, particularly for women over age 65, who have a 
higher risk of adverse events with tamoxifen.57

Aromatase inhibitors: Exemestane and anastrozole
Aromatase catalyzes the aromatization of androgen 
precursors such as testosterone, producing estrogen. 
Aromatase inhibitors are taken to block the produc-
tion of estrogen. While neither exemestane nor anas-
trozole is FDA-approved for breast cancer risk reduc-
tion, both are recommended by NCCN, USPSTF, 
and the American Society of Clinical Oncology.6,7,37 
Aromatase inhibitors can reduce bone density, neces-
sitating monitoring.

Exemestane. In the study by Goss et al of exemes-
tane for breast cancer prevention in postmenopausal 
women,46 4,560 postmenopausal women with a median 
age of 62.5 and a median Gail-estimated 5-year risk of 
2.3% were randomly assigned to daily exemestane 25 
mg, exemestane 25 mg plus celecoxib, or placebo.46 
At a median follow-up of 35 months, there was a 65% 
relative reduction in the annual incidence of breast 
cancer with exemestane. There were no signifi cant 

differences between the 2 treatment groups in terms 
of skeletal fractures, cardiovascular events, other 
cancers, or treatment-related deaths. No serious toxic 
effects and only minimal changes in health-related 
quality of life were noted. Exemestane also reduced 
the risk of ductal carcinoma in situ, LCIS, ADH, and 
ALH, suggesting possible further reductions in inva-
sive cancers during long-term follow-up.46 

Anastrozole. In the International Breast Cancer 
Intervention Study II trial,47 3,864 postmenopausal 
women ages 40 to 70 from 18 countries were random-
ized to receive anastrozole 1 mg daily or placebo for 5 
years.47 There was a 53% reduction in breast cancer 
with the use of anastrozole (hazard ratio 0.47; 95% 
CI 0.32–0.68; P < .0001). Musculoskeletal adverse 
events (including carpal tunnel syndrome and joint 
stiffness) and vasomotor symptoms were reported in 
more women in the anastrozole group (P < .0001). 
Dry eyes, vaginal dryness, and hypertension were also 
signifi cantly increased. Overall adherence was 75%, 
and after a median follow-up of 131 months, a 49% 
reduction in risk persisted, with no excess fractures, 
other cancers, cardiovascular disease, or death.58

 ■ OBESITY AND BREAST CANCER

Obesity and physical inactivity have been shown to 
have a major impact on outcomes in both breast can-
cer and cardiovascular disease, and all patients should 
be counseled on diet and lifestyle, including alcohol 
in moderation or not at all.59,60 

The mechanisms by which obesity increases 
breast cancer risk are complex, 
but achieving and maintaining

ideal body weight appears to be critical

Defi ned as a body mass index of at least 30 kg/m2, 
obesity has a major impact across the breast cancer 
continuum, including an increased risk of postmeno-
pausal and triple-negative breast cancers, delay in 
diagnosis, increased complications from surgery and 
radiation, and decreased survival.59 The high preva-
lence of obesity is a major public health concern for 
all Americans and disproportionately affects Black 
women, with a recent study showing more than 55% 
obesity.60

In the Women’s Health Initiative Dietary Modi-
fi cation randomized trial (N = 48,835),21 triple-neg-
ative breast cancer cases were signifi cantly reduced 
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in the low-fat diet arm (defi ned as 24.3% of energy). 
Body weight was also signifi cantly reduced, and there 
was a signifi cant reduction in deaths from breast can-
cer (P = .02).21 The mechanisms by which obesity 
increases breast cancer risk are complex, and it is not 
yet known whether the low-fat diet or weight loss 
resulted in mortality reduction, but the importance of 
achieving and maintaining ideal body weight appears 
to be critical.

 ■ IMPACT OF THE POLYGENIC RISK SCORE 

The polygenic risk score has been shown to improve 
the discriminatory accuracy of risk modeling in vali-
dation cohorts,61 and it has also been shown to sub-
stratify risk in carriers of genetic PVs and LPVs and 
in high-risk noncarriers.62 Clinically, it was recently 
shown to infl uence the uptake of risk-reducing med-
ication in a cohort of women at high risk for breast 
cancer.63 The polygenic risk score has strong potential 
to refi ne clinical breast cancer risk assessment and to 
assist in prevention counseling of women at increased 
risk. More study is needed.

 ■ KEYS TO SUCCESSFUL RISK MANAGEMENT

A comprehensive approach to breast cancer risk 
management includes personalized risk assessment 
with consideration of comorbidities and patient goals. 

Patient selection, clear communication of risks and 
benefi ts, and appropriate timing are the keys to success-
ful management as noted in these take-home points.
• Informed practitioners are needed to care for spec-

ifi ed high-risk patients and to educate patients 
about the risks and benefi ts of risk modifi cation.

• Prevention strategies should involve identifi cation 
of patients at risk for hereditary breast cancer, as 
early intervention is critical.

• Preventive medication is extremely effective in 
patients with benign atypical lesions.

• Short-term risk thresholds can inform discussions 
regarding risk-reducing medication.

• The epidemic of obesity, inactivity, and alcohol 
consumption must be addressed in the United 
States to reduce burden of disease.60,64 

• The polygenic risk score can be used to further 
substratify risk estimates, aiding women in clinical 
decision-making.61–63

•  Potential cardioprotective effects of hormonal 
therapy in early postmenopause must be consid-
ered in shared decision-making with patients, as 
well as noting cardiovascular and venous throm-
boembolic risk factors. ■
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