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Breast Cancer Prevention: Time
for Change
Rowan T. Chlebowski, MD, PhD1; Aaron K. Aragaki, MS2; and Kathy Pan, MD1

abstract

Agency breast cancer prevention guidelines for other than hereditary cancers have not materially changed in 20
years; endocrine-targeted agents (then, tamoxifen; now, adding raloxifene and aromatase inhibitors) reduce
good prognosis estrogen receptor (ER)–positive, progesterone receptor (PR)–positive cancers without reducing
deaths from breast cancer. Across three tamoxifen placebo-controlled prevention trials (N 5 23,360) begun
almost 30 years ago, although there were 226 fewer breast cancer cases, there were nine more deaths from
breast cancer in the tamoxifen groups. Following clinical advances, currently more than half of breast cancer
cases are solved problems with extremely low risk of death. As endocrine-targeted agents commonly prevent
these cancers, widespread implementation of current prevention strategies may not reduce deaths from breast
cancer. Compared with other breast cancers, ER-positive, PR-negative cancers and triple-negative cancers
have inferior survival (90.6% v 83.8% v 78.1%, respectively; P , .001). Against this background, in the
Women’s Health Initiative Dietary Modification randomized trial (N5 48,835), ER-positive, PR-negative cancers
were statistically significantly reduced in the intervention group (hazard ratio, 0.77; 95% CI, 0.64 to 0.94) and
deaths from breast cancer were reduced 21% (P5 .02). In the Women’s Health Initiative randomized, placebo-
controlled trial evaluating conjugated equine estrogen (N 5 10,739), ER-positive, PR-negative cancers were
statistically significantly reduced in the intervention group (hazard ratio, 0.44; 95% CI, 0.27 to 0.74) and deaths
from breast cancer were reduced 40% (P 5 .04). These findings suggest that reexamination of breast cancer
risk reduction strategies and clinical practice is needed.
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INTRODUCTION

The first ASCO Technology Assessment on endocrine-
targeted interventions for breast cancer risk reduction
was published more than 20 years ago. At that time,
the major conclusions were that the selective estrogen
receptor modulator tamoxifen significantly reduced
estrogen receptor (ER)–positive breast cancers but did
not reduce deaths from breast cancer (breast cancer
followed by death directly attributed to the cancer),
arguably the most relevant clinical end point.1

Subsequently, there has been substantial progress in
identifying the 5%-10% of breast cancers estimated to
result from hereditary cancer related to pathogenic or
likely pathogenic genetic variants and establishing ef-
fective interventions for early detection of those cancers
including magnetic resonance imaging (MRI) screening
and risk reduction bilateral mastectomy.2 However, for
most breast cancers, progress in prevention has been
limited if the goal is to reduce deaths from breast cancer.

Nowafter 20 years, the fifth andmost recent ASCOclinical
practice guideline update for breast cancer prevention
raised the threshold for pharmacologic intervention (from

1.67% to 3% 5-year risk with the Breast Cancer Risk
Assessment Tool [BCRAT] or to 5% 10-year risk with the
International Breast Intervention Study [IBIS] Tyrer-Cuzick
Risk Calculator) with continued focus on endocrine-
targeted prevention agents. Although more agents were
identified, the efficacy findings were like those in the
original report. The selective estrogen receptor modulators
tamoxifen and raloxifene and the aromatase inhibitors
exemestane and anastrozole all statistically significantly
reduce the incidence of primarily ER-positive, progester-
one receptor (PR)–positive breast cancers. However, for
all four agents, the ASCO guideline authors report “there is
no evidence for a survival advantage given for primary
prevention,” namely, there was no reduction in deaths
from breast cancer.3 In fairness, to date, none of the trials
have beenpowered for breast cancermortality; however, it
is instructive to review the available evidence on this issue.

BREAST CANCER RISK REDUCTION TRIALS AND
BREAST CANCER MORTALITY

In ameta-analysis of four randomized prevention trials,
tamoxifen reduced the 10-year cumulative incidence
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of invasive breast cancers by 33% (P, .0001) and reduced
the incidence of ER-positive cancers by 44% (P , .0001),
whereas for ER-negative cancers, a nonsignificant 13%
increase in incidence (P 5 .4) was seen.4 There are three
randomized trials evaluating tamoxifen with relatively long
follow-up with information on deaths from breast cancer: the
Royal Marsden Tamoxifen Prevention Trial,5 the National
Surgical Adjuvant Breast and Bowel Project (NSABP) P-1,6

and the International Breast Cancer Intervention Study I
(IBIS-I).7 Across these three trials, when recruitment began
in 1986 (Royal Marsden) or 1992, 23,360 women were
randomly assigned to 5 years or 8 years (Royal Marsden) of
tamoxifen, 20 mg/d or placebo. Although in the tamoxifen
groups there were 226 fewer breast cancer cases (704 v 478)
cases, respectively), there were nine more deaths from
breast cancer in the tamoxifen compared with the placebo
groups (55 v 46, respectively).6,7 Such findings are con-
sistent with tamoxifen mainly reducing breast cancers with
favorable prognosis and those amenable to current curative
therapies with limited impact on breast cancers that pose
mortality risk.8 Findings from these three trials and selected
other trials with reported deaths from breast cancer are
outlined in Table 1.9,10

With respect to aromatase inhibitors and deaths from breast
cancer in the prevention setting, two trials are available: the
NCIC Clinical Trials Group Mammary Prevention.3 trial
(MAP.3) and the International Breast Cancer Intervention
Study II (IBIS II). In MAP.3, 4,560 postmenopausal women
were randomly assigned to exemestane 25 mg/d for 5 years
or placebo. After 35 months follow-up, there was a 65%
reduction in breast cancer incidence (P 5 .002) but the
short follow-up, which has ended, precludes meaningful
information on survival.11 In IBIS II, 3,864 postmenopausal
women were randomly assigned to 5 years of anastrozole (1
mg/d) or placebo and followed for 131 months. Anastrozole
significantly reduced breast cancer incidence by 49% (85 v
165 cases, hazard ratio [HR], 0.51; 95% CI, 0.39 to 0.66;
P , .0001) with a significant difference in ER-positive but
not ER-negative cases. There were only five deaths from
breast cancer seen (two in anastrozole and three in the
placebo group; Table 1).12 The limited number of deaths
from breast cancer suggests that the strategy used to
identify those at higher breast cancer risk mainly identified
those at risk for breast cancers with favorable prognosis and
those amenable to curative therapy. Thus, development
and/or promotion of new prediction models that improve
performance by more effectively defining risk of easily
curable cancers will likely not decrease breast cancer
mortality.

BREAST CANCER PREDICTION MODELS AND BREAST
CANCER MORTALITY

The performance of commonly used models to predict
breast cancer incidence repurposed to additionally predict
breast cancer mortality risk (death from breast cancer) is

largely unknown. As risk prediction models were developed
to estimate overall breast cancer risk in mammography-
screened populations, these models have greater accuracy
in predicting risk of ER-positive, PR-positive cancers, which
are more commonly diagnosed in such populations.13,14 In
one study, in the Breast Cancer Surveillance Consortium
with 37,939 invasive breast cancers, findings from the
BCRAT15 were assessed for their predictive ability for breast
cancer mortality. Of 6,021 deaths in the cohort, 2,993
(49.7%) were ascribed to breast cancer. Women originally
predicted by BCRAT to be at higher 5-year risk of breast
cancer incidence ($ 1.67%) had surprisingly lower risk of
death from breast cancer compared with women with lower
BCRAT 5-year incidence risk (, 1.0%; HR, 0.72; 95% CI,
0.65 to 0.81).

Thus, higher BCRAT-predicted breast cancer incidence
was not associated with greater risk of death from breast
cancer. Similar findings were seen with two other predictive
models (BCSC-116 and BCSC-5, the latter model incor-
porating mammogram breast density17). The authors
concluded “current risk prediction models have limited
utility in planning studies to evaluate breast cancer mortality
reduction strategies.”18 Whether more recent strategies to
refine breast cancer risk assessment by incorporating
polygenic profiles will improve prediction for breast cancer
mortality remains to be determined.

BREAST CANCER PROGNOSTIC CATEGORIES

On the basis of advances over the past few decades, several
large categories of early-stage breast cancer now represent
essentially solved problems, where, with appropriate
therapy, risk of death from breast cancer is extremely
low.19,20 However, there are potential adverse conse-
quences associated with a breast cancer diagnosis and
associated therapy. The concept of solved problems is
supported by concerted interest in de-escalation adjuvant
strategies for such cases.21 Tumor categories include node-
negative, ER-positive, PR-positive, human epidermal
growth factor receptor 2 (HER2)–negative cancers20

(representing about 44% of recently diagnosed US
breast cancers) and# 2 cm, node-negative HER2-positive
cancers19 (representing about 10% of US breast
cancers22,23). Thus, more than half of all breast cancers fit
in this solved problem category and the percentage is even
higher in women adherent to mammography screening
guidelines. As ER-positive, PR-positive breast cancers are
the cancers that endocrine-targeted agents prevent,
widespread implementation of current strategies for risk
assessment and intervention may not reduce deaths from
breast cancer.

Breast cancers not representing solved problems include
triple-negative cancers (ER-negative, PR-negative, HER2-
negative cancers), representing about 14% of US breast
cancers and, not as well-recognized, ER-positive, PR-
negative, HER2-negative cancers,24 representing about
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10% of US breast cancers.22 This issue was examined in a
recent report of findings among 826,599 women with
HER2-negative breast cancers diagnosed from 2010 in the
USNational Cancer Data Base. Compared with womenwith
ER-positive, PR-positive cancers, breast cancer overall
survival was significantly lower in women with both ER-
negative, PR-negative cancers and women with ER-
positive, PR-negative cancers (90.6%, 78.1%, and
83.8%, respectively; both P , .001).22 A biologic basis for
the poor prognosis of ER-positive, PR-negative cancers
comes from analyses in the SEER Oncotype Database.
There, with 86,033 breast cancer cases, high-risk recur-
rence scores were statistically significantly associated with
Black race and ethnicity, higher stage, and PR-negative
tumors.25

Development of prediction models with breast cancer
mortality as the primary end point should be a research
focus. Findings from ongoing trials of breast cancer
prediction models should report performance by prog-
nostic subgroups including triple-negative cancers and
ER-positive, PR-negative cancers. Particular attention
should be placed on ER-positive, PR-negative cancers as
this category has received only limited attention in the
past.

WOMEN’S HEALTH INITIATIVE RANDOMIZED TRIALS AND
BREAST CANCER MORTALITY

The Women’s Health Initiative (WHI) investigators at 40 US
clinical centers enrolled postmenopausal women between
1993 and 1998 in a series of randomized clinical trials to
define the risks and benefits of strategies that potentially
reduce the incidence of major chronic diseases, including
breast cancer, in postmenopausal women.26 The WHI
clinical trials excluded women with prior breast cancer, and
a baseline mammogram not suspicious for cancer was
required. Serial mammograms were mandated (yearly in
the hormone therapy trials and every 2 years in the dietary
modification [DM] trial). All breast cancer outcomes were
measured from random assignment. Mortality information
was available on more than 98%.

WHI DM TRIAL

The WHI DM trial was testing a hypothesis posed more than
50 years ago that higher dietary fat intake was associated with
higher breast cancer mortality.27 In the WHI DM trial, 48,835
postmenopausal women were randomly assigned to a low-fat
dietary pattern or a usual diet comparison group with breast
cancer incidence as the primary study end point. During the

TABLE 1. Interventions and Breast Cancer Incidence and Deaths From Breast Cancer9

Trial N Follow-upa

Breast Cancer Incidence Deaths From Breast Cancer

Tamoxifen Placebo RR (95% CI) Tamoxifen Placebo

Royal
Marsdenb

2,494 13.2 years 82 104 0.78 (0.58 to 1.04) 12 9 Not reported

Tamoxifen Placebo HR (95% CI) Tamoxifen Placebo OR (95% CI)

NSABP P-1 13,388 74 months
(mean)

145 250 0.57 (0.46 to 0.70) 12 11 Not reported

Tamoxifen Placebo HR (95% CI) Tamoxifen Placebo OR (95% CI)

IBIS-1 7,154 16.0 years
(median)

251 350 0.71 (0.60 to 0.83) 31 26 1.19 (0.68 to 2.10)

Anastrozole Placebo HR (95% CI) Anastrozole Placebo

IBIS-II 3,864 131 months
(median)

85 165 0.51 (0.39 to 0.66) 2 3 Not reported

Exemestane Placebo HR (95% CI) Exemestane Placebo HR (95% CI)

MAP.3 4,560 35 months
(median)

11 32 0.35 (0.18 to 0.70) 1 0 Not reported

Low-fat Control HR (95% CI) Low-fat Control HR (95% CI)

WHI DM 48,835a 19.6 years
(median)

1,299 (0.44%) 2,075 (0.46%) 0.95 (0.89 to 1.02) 132 (0.037%) 251 (0.047%) 0.79 (0.64 to 0.97)

CEE Placebo HR (95% CI) CEE Placebo HR (95% CI)

WHI CEE-
alone

10,739 20.3 years
(median)

238 (0.30%) 296 (0.37%) 0.78 (0.65 to 0.93) 30 (0.031%) 46 (0.046%) 0.60 (0.37 to 0.97)

NOTE. Reproduced and adapted from Powles et al5, Fisher et al6, Cuzick et al7,12, Goss et al11, Chlebowski et al.29,37

Abbreviations: CEE, conjugated equine estrogen; HR, hazard ratio; RR, relative risk; WHI, Women’s Health Initiative.
aFollow-up for deaths from breast cancer end point.
bThe Royal Marsden trial has updated information on breast cancer incidence after 18.4 years median follow-up: tamoxifen 108 cases versus placebo 134

cases (HR, 0.80; 95% CI, 0.54 to 0.97; P 5 .076). Mortality information was not included in that report.10
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8.5-year dietary intervention, dietary fat intake was signifi-
cantly but moderately reduced to 24.3% of energy; intakes of
fruits, vegetables, and grains were all significantly increased;
and body weight, while not an intervention target, was sig-
nificantly reduced in the intervention group.28

Through 19.6 yearsmedian follow-up, although breast cancer
incidence was lower in the intervention group, the finding was
not statistically significant. However, the incidence of ER-
positive, PR-negative breast cancers was significantly re-
duced in the intervention group through cumulative follow-up
(HR, 0.77; 95% CI, 0.64 to 0.94). In addition, dietary in-
tervention group participation was associated with a statisti-
cally significant lower risk of deaths from breast cancer (HR,
0.79; 95% CI, 0.64 to 0.97; P 5 .02; Table 1).29 The breast
cancer mortality findings were unchanged by analyses in-
corporating time-dependent weight change. To our knowl-
edge, the WHI DM trial is the only randomized lifestyle
intervention with breast cancer as a study end point to report
such a positive result regarding the most important clinical
outcome. The finding for deaths from breast cancer in the
WHI DM trial is based on the distribution of 383 deaths from
breast cancer, an event total nearly four times greater than the
97 deaths from breast cancer reported across five endocrine-
targeted randomized prevention trials (Table 1).

The WHI low-fat dietary pattern, as implemented, repre-
sents dietary moderation, similar to the dietary intervention
to stop hypertension (DASH), demonstrably achievable by
many as reflected in 19,541 WHI dietary group partici-
pants.29 Agency guidelines regarding lifestyle and breast
cancer risk, almost exclusively on the basis of observational
study results, should now consider incorporating findings
regarding moderate fat intake reduction on the basis of
randomized clinical trial evidence.

Regarding potential mediating mechanisms, host-related
factors, including insulin resistance and metabolic syn-
drome, have long been associated with breast cancer.30,31 In
a WHI cohort analysis, lower insulin resistance levels,
measured by the homeostasis model assessment of insulin
resistance (HOMA-IR), were associated with lower breast
cancer incidence (P trend5 .02).32 In subgroup analyses of
WHI DM trial participants, intervention group participation
was associatedwith significantly lowerHOMA-IR levels33 and
lower metabolic syndrome frequency.34 In the WHI DM trial,
although participants with 3-4 metabolic syndrome com-
ponents at entry were at higher risk of death from breast
cancer, those randomly assigned to the dietary intervention
had significantly greater reduction in this risk (HR, 0.31;
95% CI, 0.14 to 0.69; intervention P5 .01). Thus, metabolic
syndrome components are likely contributors to the re-
duction in deaths from breast cancer seen.35

WHI RANDOMIZED HORMONE THERAPY TRIALS

In the two WHI randomized hormone therapy trials, a
common component was conjugated equine estrogen

(CEE), approved by the US Food and Drug Administration
for marketing in 1942, 80 years ago.36 Nonetheless, hor-
mone therapy’s influence on breast cancer remains con-
troversial with discordant findings from observational
studies compared with randomized clinical trials.

WHI RANDOMIZED TRIAL OF ESTROGEN PLUS PROGESTIN

In the WHI trial evaluating estrogen plus progestin, among
27,347 postmenopausal women, the influence of CEE plus
medroxyprogesterone acetate (MPA) on breast cancer and
other health outcomes was examined in women with a
uterus, whereas CEE alone was similarly examined in
women with prior hysterectomy.37 In both trials, the
protocol-prespecified primary monitoring outcomes were
coronary heart disease for benefit and breast cancer for
harm.37

In the estrogen plus progestin trial in postmenopausal
women with a uterus, 8,506 were randomly assigned to
receive 0.625 mg/d CEE plus 2.5 mg/d MPA and 8,102
placebo. After 5.6 years median intervention and 20 years
cumulative follow-up, CEE plus MPA was associated with
statistically significantly higher breast cancer incidence
(HR, 1.28; 95% CI, 1.13 to 1.45; P , .001) with a higher
breast cancer mortality, which was not statistically signifi-
cant (HR, 1.35; 95% CI, 0.94 to 1.95; P5 .11). Publication
of these findings, together with evidence of negative in-
fluence of CEE plus MPA on coronary heart disease, stroke,
and pulmonary emboli in 2002,38 resulted in a rapid,
substantial, and sustained drop in hormone therapy use,
especially for CEE plus MPA.39 Beginning in mid-2002, a
substantial decrease in age-adjusted breast cancer inci-
dence emerged40,41 with both the lower hormone therapy
use and lower breast cancer incidence sustained through
2015.42 Likely related to the sustained decrease in hor-
mone therapy use, by one estimate, in comparison with
2002, there have been 126,000 fewer breast cancer cases
through 2012 in the United States43 following the WHI
report of estrogen plus progestin findings.

WHI RANDOMIZED TRIAL OF ESTROGEN ALONE

In the estrogen-alone trial in postmenopausal women with
prior hysterectomy, 5,310 women were randomly assigned
to receive CEE alone and 5,429 placebo. After 7.2 years
median intervention and 20.3 years cumulative follow-up,
CEE alone was associated with significantly lower breast
cancer incidence (HR, 0.78; 95% CI, 0.65 to 0.93;
P 5 .005) with greatest influence on poor prognosis ER-
positive, PR-negative cancers (HR, 0.44; 95% CI, 0.27 to
0.74). In addition, CEE alone significantly reduced deaths
from breast cancer (HR 0.60; 95% CI, 0.37 to 0.97;
P5 .04).37 To our knowledge, theWHI CEE-alone trial is the
only randomized pharmacologic intervention with breast
cancer as an end point to report such a finding. Although
recognizing the finding as hypothesis-generating, it is
reassuring that among participants in the 50- to 59-year-old
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subgroup, CEE alone was also associated with a decrease
in all-cause mortality (HR, 0.79; 95% CI, 0.64 to 0.96).44

Discussion of the full range of health outcomes associated
with CEE alone and CEE plus MPA is addressed else-
where.45 Given the safety profile of CEE-alone use and the
favorable influence on breast cancer mortality, consider-
ation could be given to further evaluation of CEE-alone use
in selected younger postmenopausal women among the
25% of postmenopausal US women with prior hysterec-
tomy. In the WHI trial, the CEE dose was 0.625 mg/d.
Currently, CEE doses as low as 0.3 mg/d are US Food and
Drug Administration–approved.46 Breast cancer findings
on such lower doses are unknown.

In terms of observational studies, a meta-analysis of ob-
servational studies with 108,647 postmenopausal breast
cancer cases with matched controls found both CEE and
estradiol use associated with statistically significant excess
breast cancer risk.47 However, smaller randomized trials of
estrogen alone provide a similar signal regarding breast
cancer as seen in the WHI trial. In a meta-analysis of five
randomized trials with 2,426 participants and 45 breast
cancers, there were fewer breast cancers in the estrogen-
alone group, which was not statistically significant (relative
risk, 0.61; 95% CI, 0.34 to 1.09; P 5 .15). However, when

findings were combined with WHI estrogen-alone ran-
domized trial results, estrogen-alone use was associated
with a lower breast cancer incidence (relative risk, 0.77;
95% CI, 0.64 to 0.93; P 5 .01; Table S17, Supplementary
appendix).47

A leading hypothesis for the CEE-alone breast cancer
findings, with both preclinical48,49 and clinical50 support, is
that a period of estrogen deprivation results in changes
whereby tumor sensitivity to estrogen-induced apoptosis
occurs. Early in the CEE-alone trial, breast cancer reduction
was greater in women with a gap time (time from meno-
pause to initiation of CEE alone) of 5 or more years.51

However, with cumulative follow-up, this effect was at-
tenuated, suggesting othermechanisms besides a period of
estrogen deprivation52 are involved.

SUMMARY AND CONCLUSIONS

Developments influencing breast cancer prevention strat-
egies presented in this report are summarized in Table 2.
Taken together, these findings support recommendations
for clinical practice and breast cancer prevention research,
which are given below.

For clinical practice

Although available evidence suggests endocrine-targeted
agents may not reduce breast cancer mortality, the adverse
medical, physical, and psychosocial consequences of a
breast cancer diagnosis and related therapies are well-
documented.53,54 As there is clinical benefit from reducing
breast cancer incidence, current guidelines for breast
cancer risk reduction3,55 can be endorsed.

On the basis of randomized clinical trial findings, a low-fat
dietary intervention can be recommended to decrease
breast cancer mortality.

Use of CEE alone, in postmenopausal women with prior
hysterectomy to reduce breast cancer mortality, should
await agency guideline recommendation.

The long-term risk of breast cancer associated with es-
trogen plus progestin use should be recognized.

For breast cancer prevention research

For breast cancer prediction models,

1. evaluation should not be based solely on total breast
cancer prediction,

2. results of prediction models regarding higher-mortality
breast cancers (triple-negative and ER-positive, PR-
negative) should be routinely reported, and

3. an optimal breast cancer risk prediction model end
point should be death from breast cancer.

For breast cancer prevention guidelines, findings from the
WHI randomized trials should be reviewed and considered
for guideline inclusion including the following:

1. The low-fat dietary pattern from the WHI DM trial

TABLE 2. Developments Influencing Breast Cancer Prevention Strategies

Breast cancer prevention guidelines for other than hereditary cancers have not
materially changed in 20 years

SERMs and aromatase inhibitors largely reduce ER-positive, PR-positive cancers
and reduction in deaths from breast cancer has not been established

In long-term follow-up of tamoxifen prevention trials, despite reduction in breast
cancer incidence, numerically more deaths from breast cancer are seen in the
tamoxifen group

The performance of models predicting breast cancer incidence to predict fatal
breast cancers is largely unknown

Now, more than half of breast cancers are solved problems with extremely low
risk of death. As these are cancers that endocrine-targeted agents commonly
prevent, widespread implementation of current prevention strategies may not
reduce deaths from breast cancer

Both triple-negative and ER-positive, PR-negative breast cancers have poor
survival prognosis

In the WHI randomized Dietary Modification trial, a statistically significant
reduction in ER-positive, PR-negative breast cancers and a statistically
significant 20% reduction in deaths from breast cancer were seen in the
dietary intervention group

In the WHI randomized trial evaluating CEE alone, a statistically significant
reduction in ER-positive, PR-negative breast cancers and a statistically
significant 40% reduction in deaths from breast cancer were seen in the
intervention group

Taken together, these findings suggest that reexamination of current breast
cancer risk reduction strategies is needed

Abbreviations: CEE, conjugated equine estrogen; ER, estrogen receptor; PR,
progesterone receptor; SERM, selective estrogen receptor modulator; WHI,
Women’s Health Initiative.
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2. CEE alone in postmenopausal women with prior
hysterectomy from the WHI HT trial

The finding that CEE alone in a full-scale randomized
clinical trial setting reduced deaths from breast cancer by
40%, a finding that has not been demonstrated for any

other pharmacologic intervention, warrants further clinical
attention (optimal dose, target population, sequence with
endocrine-targeted therapies, etc) to determine how
this intervention could fit in breast cancer prevention
strategies.
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