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IN THE WOMEN’S HEALTH INITIA-
tive (WHI) randomized Estrogen
plus Progestin (E � P) trial in post-
menopausal women, oral conju-

gated equine estrogens (CEE) com-
bined with medroxyprogesterone
acetate produced more health risks than
benefits,1 including a higher inci-
dence of invasive breast cancers, which
were diagnosed at a more advanced
stage, and a substantially greater pro-
portion of abnormal mammograms
compared with placebo.2 The parallel
WHI Estrogen-Alone trial, which ran-
domized women with prior hysterec-
tomy to CEE only or placebo, was
stopped early based on available data
representing an average of 6.8 years of
follow-up because of increased stroke

incidence and no reduction in risk of
coronary heart disease.3 In contrast to
substantial epidemiological evidence as-
sociating exogenous estrogens with in-
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Context The Women’s Health Initiative Estrogen-Aone trial comparing conjugated
equine estrogens (CEE) with placebo was stopped early because of an increased
stroke incidence and no reduction in risk of coronary heart disease. Preliminary
results suggesting possible reduction in breast cancers warranted more detailed
analysis.

Objective To determine the effects of CEE on breast cancers and mammographic
findings.

Design, Setting, and Participants Following breast cancer risk assessment,
10 739 postmenopausal women aged 50 to 79 years with prior hysterectomy were
randomized to CEE or placebo at 40 US clinical centers from 1993 through 1998.
Mammography screenings and clinical breast examinations were performed at
baseline and annually. All breast cancers diagnosed through February 29, 2004, are
included.

Intervention A dose of 0.625 mg/d of CEE or an identical-appearing placebo.

Main Outcome Measures Breast cancer incidence, tumor characteristics, and mam-
mogram findings.

Results After a mean (SD) follow-up of 7.1 (1.6) years, the invasive breast cancer
hazard ratio (HR) for women assigned to CEE vs placebo was 0.80 (95% confidence
interval [CI], 0.62-1.04; P=.09) with annualized rates of 0.28% (104 cases in the CEE
group) and 0.34% (133 cases in the placebo group). In exploratory analyses, ductal
carcinomas (HR, 0.71; 95% CI, 0.52-0.99) were reduced in the CEE group vs placebo
group; however, the test for interaction by tumor type was not significant (P=.054).
At 1 year, 9.2% of women in the CEE group had mammograms with abnormalities
requiring follow-up vs 5.5% in the placebo group (P�.001), a pattern that continued
through the trial to reach a cumulative percentage of 36.2% vs 28.1%, respectively
(P�.001); however, this difference was primarily in assessments requiring short inter-
val follow-up.

Conclusions Treatment with CEE alone for 7.1 years does not increase breast can-
cer incidence in postmenopausal women with prior hysterectomy. However, treat-
ment with CEE increases the frequency of mammography screening requiring short
interval follow-up. Initiation of CEE should be based on consideration of the indi-
vidual woman’s potential risks and benefits.

Trial Registration clinicaltrials.gov Identifier: NCT00000611
JAMA. 2006;295:1647-1657 www.jama.com
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creased breast cancer incidence,4-9 pre-
liminary analyses found fewer breast
cancers in women in the CEE group,
prompting a detailed updated analysis
of breast cancer incidence and mam-
mographic reports. The completed trial
results reported herein include all
events occurring prior to the stopping
of the intervention and unblinding. Bio-
logically plausible explanations for the
possibility of decreased incidence of
breast cancer with CEE are consid-
ered and examined in exploratory
analyses, including interactions of treat-
ment assignment with baseline risk fac-
tors.

METHODS
The WHI Estrogen-Alone trial en-
rolled 10 739 postmenopausal women
with prior hysterectomy from 1993
through 1998 at 40 US clinical cen-
ters.10 Women were recruited primar-
ily by mass mailings and were eligible
if they were aged 50 to 79 years at study
entry, postmenopausal, and likely to re-
side in the same area for 3 years. Spe-
cial attempts were made to recruit mi-
nority women in an effort to study the
effects of hormone therapy in a cohort
that reflected the ethnicity/racial diver-
sity of postmenopausal women aged 50
to 79 years in the US population.

Individual women classified them-
selves regarding their race/ethnicity.
The protocol and consent forms were
reviewed and approved by the institu-
tional review boards at each participat-
ing clinical center. Each woman pro-
vided written informed consent. The
study exclusions included prior inci-
dence of breast cancer and medical con-
ditions likely to result in death within
3 years. Menopausal hormone use at
screening required a 3-month wash-
out before enrollment. All women had
a baseline mammography screening and
a clinical breast examination; suspi-
cious findings required clearance be-
fore study entry. Breast cancer risk was
assessed by interview and standard-
ized questionnaires. Definitions of
demographic and general health char-
acteristics, and reproductive, medical,
and family history, including hor-

mone use, have been published.10 Ovar-
ian preservation was defined as no self-
report of bilateral oophorectomy.

Women were randomly assigned to
0.625 mg of CEE (Premarin, Wyeth,
Collegeville, Pa) or an identical-
appearing placebo. Randomization was
carried out using a database distrib-
uted by the WHI clinical coordinating
center; study pill bottles had unique bar
codes and computer-based selection to
ensure double-blinded dispensing.
Study medication was discontinued for
development of breast cancer, deep vein
thrombosis or pulmonary emboli, ma-
lignant melanoma, level of triglycer-
ides higher than 1000 mg/dL (�11.3
mmol/L), or use of tamoxifen, raloxi-
fene, or any nonstudy estrogen, pro-
gestin, or androgen.

Follow-up Procedures

Participants were contacted 6 weeks af-
ter study entry to assess symptoms and
promote adherence, at 6-month inter-
vals to assess clinical outcomes, and an-
nually for clinic visits. Study medica-
tions were withheld until completion
of required annual mammography
screenings and breast examinations. Ini-
tial outcomes were ascertained by self-
administered questionnaires. Breast
cancer outcomes were confirmed by
local clinic physician adjudicator re-
view of medical records and pathol-
ogy reports. Cases were then adjudi-
cated at the clinical coordinating center
using the Surveillance, Epidemiology,
and End Results coding system.11 Total
breast cancers included the first of either
invasive or in situ breast cancer.

Mammographic reports were ob-
tained and reviewed locally at the clini-
cal centers and coded for radiologist
recommendation (negative, benign
finding/negative, short interval fol-
low-up suggested, suspicious abnor-
mality, and highly suggestive of malig-
nancy). Mammograms with suggested
short interval follow-up and those with
suspicious or highly suggestive find-
ings were considered abnormal, with
the latter 2 categories requiring clear-
ance before dispensing ongoing study
medication. Medical decisions regard-

ing workup of breast findings were di-
rected primarily by community physi-
cians.

Study Termination

The sample size was based on hypoth-
esized effects of estrogen on coronary
heart disease after a proposed 9 years of
follow-up. For monitoring purposes, a
global index of benefit and risk was de-
fined as time to the first event among
coronary heart disease, invasive breast
cancer, stroke, colorectal cancer, pul-
monary embolus, hip fracture, and death
from other causes. The National Insti-
tutes of Health stopped the trial earlier
than planned because an increased risk
of stroke in healthy women was consid-
ered unacceptable in the absence of a re-
duction in risk of coronary heart dis-
ease. At that time, 218 adjudicated
invasive breast cancers were described
and the in situ breast cancers had not
been quantified.3 The current study pro-
vides analyses of 237 invasive and 55 in
situ centrally adjudicated breast can-
cers diagnosed by February 29, 2004, the
date participants were instructed to stop
taking their study pills, resulting in a
mean (SD) follow-up of 7.1 (1.6) years.

Statistical Analysis

Primary results were assessed with time-
to-event methods and were based on the
intention-to-treat principle. Hazard ra-
tios (HRs) are based on Cox propor-
tional hazards analyses stratified by age
and randomization status in the WHI
Dietary Modification trial. Nominal 95%
confidence intervals (CIs) were used for
inferences regarding invasive breast
cancer because these were similar to CIs
that acknowledge the sequential moni-
toring due to proximity of the stop-
ping date to the planned study termi-
nation. In exploratory analyses,
subgroup effects were tested as inter-
actions between randomization assign-
ment and selected baseline character-
istics in Cox proportional hazards
models that included both factors as
main effects. P values for interaction
were computed from likelihood ratio
tests using a continuous variable for the
baseline characteristic, wherever pos-
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sible. Nominal P values are presented,
reflecting statistical significance with-
out adjustment for multiple compari-
sons. Because 20 interactions with base-
line characteristics were tested, chance
alone would be expected to produce 1
significant interaction test at the .05
level of significance and 2 at the .10
level. Women with missing values for
a given risk factor were omitted only
from analyses requiring that variable.

The HRs by time since randomiza-
tion were calculated from Cox propor-
tional hazards models and tests for
trends with time were obtained by in-
corporating a linear time interaction
term. Kaplan-Meier plots describe
breast cancer event rates over time. To
assess the potential effect of nonadher-
ence, adherence-adjusted analyses were
conducted by censoring follow-up for
a woman 6 months after she became
nonadherent (defined as consuming
�80% of study pills or starting non-
study hormone therapy during the most
recent study interval). Comparisons of
selected breast cancer tumor charac-
teristics were based on �2, Fisher ex-
act, or t tests. Statistical analyses were
performed using SAS software, ver-
sion 9.1.3 (SAS Institute Inc, Cary, NC).

RESULTS
Characteristics of Study Population

All women had prior hysterectomy and
41% had prior bilateral oophorec-
tomy. Prior oophorectomy was some-
what less common in the CEE group.
Women with bilateral oophorectomy
differed from those with ovarian pres-
ervation but there were no substantial
differences by treatment assignment.

Baseline breast cancer risk was com-
parable in the 2 study groups. Partici-
pants were at a moderate risk for their
age,12 with a mean (SD) 5-year Gail risk
estimate13 of 1.6% (1.0%) (median,
1.4% [interquartile range, 1.03%-
1.88%]) (TABLE 1 and TABLE 2). A
slightly lower proportion of women in
the CEE group reported prior benign
breast biopsies (19.3% vs 21.7%;
P=.004).

Fifty-two percent of all participants
had never taken hormone therapy be-

fore study entry, less than 5% had ever
taken estrogen combined with a pro-
gestin, and the remainder had taken es-

trogen only. Women with no prior hor-
mone use differed from those with prior
use in most variables shown in Table 2,

Table 1. Demographics of Participants at Baseline by Treatment Group

No. (%) of Participants*

P Value†
CEE Alone
(n = 5310)

Placebo
(n = 5429)

Age at screening, y
50-59 1637 (30.8) 1673 (30.8)
60-69 2387 (45.0) 2465 (45.4) .85
70-79 1286 (24.2) 1291 (23.8)

Race/ethnicity
White 4007 (75.5) 4075 (75.1)
Black 782 (14.7) 835 (15.4)
Hispanic 322 (6.1) 333 (6.1)

.81
American Indian 41 (0.8) 34 (0.6)
Asian/Pacific Islander 86 (1.6) 78 (1.4)
Unknown 72 (1.4) 74 (1.4)

Education
None or some high school 535 (10.2) 518 (9.6)
High school diploma/GED 1233 (23.5) 1188 (22.1)

.12
Post–high school study 2271 (43.2) 2350 (43.7)
College degree or higher 1216 (23.1) 1327 (24.7)

Age at menarche, y
�11 1215 (23.0) 1280 (23.7)
12-13 2805 (53.1) 2853 (52.8) .72
�14 1259 (23.8) 1274 (23.6)

Oral contraceptive use ever
No 3257 (61.4) 3377 (62.2)

.38
Yes 2048 (38.6) 2050 (37.8)

Body mass index‡
�25 1110 (21.0) 1096 (20.3)
25-29.9 1795 (34.0) 1912 (35.5) .26
�30 2376 (45.0) 2383 (44.2)

Physical activity, metabolic equivalents/wk
None 1081 (22.2) 1043 (21.3)
�0-3.5 887 (18.2) 930 (19.0)
�3.5-8.0 983 (20.1) 983 (20.0) .43
�8.0-16.5 981 (20.1) 945 (19.3)
�16.5 948 (19.4) 1003 (20.5)

Alcohol use
None 718 (13.7) 737 (13.7)
Past drinker 1277 (24.3) 1270 (23.6)
�1 drink/mo 767 (14.6) 766 (14.2)

.88
�1 drink/wk 1001 (19.1) 1049 (19.5)
1-�7 drinks/wk 1027 (19.6) 1091 (20.2)
�7 drinks/wk 457 (8.7) 475 (8.8)

Smoking
Never 2723 (51.9) 2705 (50.4)
Past 1986 (37.8) 2089 (38.9) .33
Current 542 (10.3) 571 (10.6)

NSAID use
No 4987 (93.9) 5100 (93.9)

.96
Yes 323 (6.1) 329 (6.1)

Abbreviations: CEE, conjugated equine estrogens; GED, general equivalency diploma; NSAID, nonsteroidal anti-
inflammatory drug.

*Due to information missing for some variables, category denominators do not always equal group total shown in col-
umn heading.

†P values are from �2 tests.
‡Calculated as weight in kilograms divided by height in meters squared.
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but there were no substantial differ-
ences by treatment assignment.

Only 5.2% of participants withdrew
or were lost to follow-up and these
losses were similar between the CEE
group and the placebo group.3 At
study termination, 54% of participants
were no longer adherent to study
medication. Study pill discontinuation
rates did not differ significantly by
randomization assignment. Although
women offered many reasons for dis-
continuation of study medication, the
distribution of reasons was similar
across both groups. The largest differ-
ence in reasons for stopping was in
reported symptoms that are com-
monly associated with menopause or
initiating menopausal hormones
(24.5% for CEE vs 19.8% for placebo)
with most of this difference attributed
to breast symptoms (5.8% vs 1.6%).
Use of nonstudy medications was
reported by 8.4% of participants
assigned to placebo and 5.3% of par-
ticipants assigned to CEE.

Clinical Outcomes

In intention-to-treat analyses of all
events (n=237 cases) occurring prior
to intervention termination, nonsig-
nificant reductions were observed for
invasive breast cancer (HR, 0.80; 95%
CI, 0.62-1.04; P = .09) and for total
breast cancer (HR, 0.82; 95% CI, 0.65-
1.04; P=.10) in women randomized to
CEE only, while no effect on in situ dis-
ease was found (FIGURE 1). These re-
sults were not altered by adjusting for
the small differences in the number of
first-degree relatives with breast can-
cer or history of benign breast disease.
There was no evidence of a trend with
time in the invasive breast cancer HR
(P=.29).

In further analyses, fewer breast
cancers with localized disease were di-
agnosed in the CEE group than in the
placebo group (HR, 0.69; 95% CI, 0.51-
0.95), while the incidence of cancers of
more advanced stage was comparable
in the 2 groups (TABLE 3). A similar re-
duction was found for ductal carcino-
mas (HR, 0.71; 95% CI, 0.52-0.99) but
not for lobular disease. The interac-

Table 2. Medical History of Participants at Baseline by Treatment Group

No. (%) of Participants*

P
Value†

CEE Alone
(n = 5310)

Placebo
(n = 5429)

5-y Gail risk score, %‡
�1.25 2129 (40.1) 2149 (39.6)
1.25-1.74 1620 (30.5) 1688 (31.1) .79
�1.75 1561 (29.4) 1592 (29.3)

No. of term pregnancies
Never pregnant 365 (6.9) 348 (6.5)
Never had term pregnancy 126 (2.4) 115 (2.1)
1 381 (7.2) 445 (8.2) .18
2-4 3201 (60.7) 3308 (61.3)
�5 1197 (22.7) 1179 (21.9)

Age at first birth, y
Never pregnant/no term pregnancy 491 (10.4) 463 (9.5)
�20 1193 (25.2) 1234 (25.3) .12
20-29 2846 (60.0) 2914 (59.8)
�30 210 (4.4) 260 (5.3)

No. of children breastfed
None 2468 (47.2) 2491 (46.7)
1-2 1621 (31.0) 1732 (32.4) .25
�3 1138 (21.8) 1116 (20.9)

Age at hysterectomy, y
�40 2100 (39.8) 2149 (39.8)
40-49 2281 (43.2) 2275 (42.2) .39
�50 902 (17.1) 970 (18.0)

Oophorectomy
No 2171 (44.2) 2090 (41.6)
Yes

Partial 802 (16.3) 827 (16.4) .02
Bilateral 1938 (39.5) 2111 (42.0)

Age at oophorectomy, y
�40 946 (34.9) 1021 (35.2)
40-49 1230 (45.4) 1304 (44.9) .93
�60 533 (19.7) 579 (19.9)

Prior estrogen only use, y
No 2872 (54.1) 2891 (53.3)
Yes

�2 738 (13.9) 792 (14.6) .64
2-5 579 (10.9) 576 (10.6)
�5 1121 (21.1) 1170 (21.6)

Prior estrogen plus progestin use, y
No 5093 (95.9) 5178 (95.4)
Yes

�2 88 (1.7) 95 (1.8) .48
2-5 56 (1.1) 63 (1.2)
�5 73 (1.4) 93 (1.7)

Recency of hormone use, y
Current 669 (26.3) 708 (26.7)
�2 248 (9.8) 272 (10.2) .83
2-5 318 (12.5) 314 (11.8)
�5 1305 (51.4) 1362 (51.3)

Relatives with breast cancer
First-degree

None 4202 (85.8) 4352 (86.4)
1 634 (12.9) 597 (11.9) .05
�2 63 (1.3) 88 (1.7)

Second-degree
None 4347 (95.3) 4485 (95.4)
1 209 (4.6) 204 (4.3) .69
�2 7 (0.2) 10 (0.2)

Benign breast disease
No 3894 (80.7) 3787 (78.3)
Yes

1 Biopsy 683 (14.1) 756 (15.6) .01
�2 Biopsies 250 (5.2) 295 (6.1)

Abbreviation: CEE, conjugated equine estrogens.
*Due to information missing for some variables, category denominators do not always equal group total shown in col-

umn heading.
†P values are from �2 tests.
‡Gail risk score incorporates age, history of benign breast disease (atypia status unknown in the Women’s Health Initia-

tive), age at menarche, age at first live birth, race/ethnicity, and numbers of mothers and sisters with breast cancer.13
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tion between treatment assignment
and histology (ductal vs lobular) ap-
proached significance (P = .054),
whereas there was no significant inter-
action between treatment assignment
and stage (localized vs regional, P=.09)
or tumor grade (well- vs moderately vs
poorly differentiated/anaplastic, P=.74).

In adherence-adjusted analyses that
censored follow-up 6 months after a
womanbecamenonadherent (FIGURE 2),
a larger and significant reduction in the
incidence of invasive breast cancer was
observed in the CEE group compared
with the placebo group (HR, 0.67; 95%
CI, 0.47-0.97; P=.03).

Significant interactions were seen be-
tween treatment assignment (FIGURE 3)
and estimated 5-year breast cancer risk
(P=.01), history of benign breast dis-
ease (P=.005), and number of first-
degree relatives with breast cancer
(P=.01). There was an apparent pro-
tective effect of CEE on breast cancer
incidence observed in categories asso-
ciated with lower risk in all 3 of these
circumstances. No interaction was seen
with oophorectomy status, body mass
index (calculated as weight in kilo-
grams divided by the height in meters
squared), age at screening, menarche,
first birth or menopause, prior oral
contraceptive use, or nonsteroid anti-
inflammatory drug use. No significant
interaction of CEE with prior estrogen-
only use was observed; however,
although the data were sparse, the in-

Figure 1. Cumulative Hazard for Total, Invasive, and In Situ Breast Cancer
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HR, 0.80
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Log-Rank P = .09

HR, 0.82
(95% CI, 0.65-1.04)
Log-Rank P = .10

5160 4989 4426 1357 484
5270 5081 4479 1443 603

Time, y

In Situ Breast Cancer

CEE indicates conjugated equine estrogens; CI, confidence interval; HR, hazard ratio.

Table 3. Clinical Outcomes by Treatment Group

Incidence (Annualized %)

HR (95% CI)*
CEE Alone
(n = 5310)

Placebo
(n = 5429)

Follow-up, mean (SD), mo 85.0 (19.6) 85.4 (19.8)
Total breast cancer† 129 (0.34) 161 (0.42) 0.82 (0.65-1.04)

Invasive 104 (0.28) 133 (0.34) 0.80 (0.62-1.04)
In situ 25 (0.07) 30 (0.08) 0.86 (0.51-1.46)

SEER stage‡
Localized 66 (0.18) 98 (0.25) 0.69 (0.51-0.95)
Regional 35 (0.09) 31 (0.08) 1.15 (0.71-1.86)
Missing 3 (0.01) 4 (0.01) 0.78 (0.17-3.50)

Histology‡
Ductal 61 (0.16) 88 (0.23) 0.71 (0.52-0.99)
Lobular 18 (0.05) 12 (0.03) 1.56 (0.75-3.24)
Ductal and lobular 12 (0.03) 12 (0.03) 1.00 (0.45-2.23)
Tubular 1 (�0.01) 4 (0.01) NA
Other 12 (0.03) 16 (0.04) 0.76 (0.36-1.61)
Missing 0 1 (�0.01) NA

Morphology, grade‡
Well differentiated 19 (0.05) 26 (0.07) 0.74 (0.41-1.33)
Moderately differentiated 31 (0.08) 52 (0.13) 0.61 (0.39-0.96)
Poorly differentiated 26 (0.07) 35 (0.09) 0.77 (0.46-1.28)
Anaplastic 3 (0.01) 3 (0.01) NA
Missing 25 (0.07) 17 (0.04) 1.52 (0.82-2.81)

Receptor status‡
Estrogen-receptor assay

Positive 72 (0.19) 95 (0.25) 0.78 (0.57-1.06)
Negative 19 (0.05) 21 (0.05) 0.92 (0.49-1.72)
Borderline 1 (�0.01) 0 NA
Missing 12 (0.03) 17 (0.04) 0.73 (0.35-1.53)

Progesterone-receptor assay
Positive 56 (0.15) 70 (0.18) 0.82 (0.58-1.17)
Negative 33 (0.09) 42 (0.11) 0.80 (0.51-1.27)
Borderline 2 (0.01) 2 (0.01) NA
Missing 13 (0.03) 19 (0.05) 0.71 (0.35-1.43)

Abbreviations: CEE, conjugated equine estrogens; CI, confidence interval; HR, hazard ratio; NA, data not calculable;
SEER, Surveillance, Epidemiology, and End Results.

*From unweighted Cox proportional hazards models, stratified by age and Dietary Modification trial randomization as-
signment.

†Total breast cancer is the first of either invasive or in situ breast cancer.
‡Invasive subtypes of breast cancer.
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teraction of CEE with prior use of com-
bined E � P was nominally significant
(P=.03). The stratum-specific results
suggested the possibility that an effect
of CEE was concentrated in women
without prior hormone exposure of any
type (FIGURE 4). No interactions were
seen with duration or recency of prior
hormone therapy use of any type. An
analysis examining HRs by time since
randomization revealed no significant
trends overall or by prior hormone use.

Tumor Characteristics

Invasive breast cancers among women
assigned to CEE were larger com-
pared with those in women assigned
to placebo (mean [SD], 1.8 cm [1.2] vs
1.5 cm [0.9]; P=.03) and a higher pro-
portion tended to be node positive
(35.5% vs 23.3%, respectively; P=.07)
(TABLE 4).

Mammograms and Breast Biopsies

At baseline, detailed readings (other
than cancer/no cancer) were available
for 9844 mammograms and the fre-
quency of mammograms with abnor-
malities was closely comparable in the
2 study groups (TABLE 5). After the first
year, the percentage of mammograms
with abnormalities requiring fol-
low-up was substantially higher in the
CEE group compared with the pla-
cebo group (436 [9.2%] of 4718 vs 260

[5.5%] of 4763, respectively; P�.001).
Each year thereafter, the percentage of
mammograms requiring follow-up was
significantly higher in the CEE group
resulting in a cumulative percentage of
36.2% in the CEE group and 28.1% in
the placebo group (P�.001) over the
course of the trial. This difference was
concentrated in the category of recom-
mended short interval follow-up. The
number of reports of breast biopsy or
aspiration was similar between the 2
groups at year 1 but from year 2 on-
ward the number of such reports was
higher in the CEE group each year
(range of difference, 27-43) to total 198
more biopsies or aspirations over the
study duration (Table 5).

COMMENT
In the WHI Estrogen-Alone trial, inva-
sive breast cancer incidence did not dif-
fer significantly between women ran-
domized to 0.625 mg/d of CEE
compared with placebo over an aver-
age 7.1 years of follow-up. Prelimi-
nary results suggesting a lower breast
cancer incidence in women in the CEE
group were regarded as surprising in re-
lation to prior evidence14 and war-
ranted a more detailed analysis. In the
completed trial database, the invasive
breast cancer incidence did not differ
significantly between the CEE group
and the placebo group (HR, 0.80; 95%

CI, 0.62-1.04). However, exploratory
analyses suggested that CEE might
decrease breast cancer incidence in
certain subgroups. In contrast, the pro-
portion of mammograms with abnor-
malities requiring follow-up was sig-
nificantly increased in the CEE group
in the first year and in each year there-
after.

Although substantial evidence indi-
cates that breast cancer risk is in-
creased by both reproductive factors—
which influence endogenous estrogen
levels15—and exogenous estrogen com-
bined with progestin therapy, the evi-
dence regarding an effect of exog-
enous estrogen only on breast cancer
risk has been mixed.6-9,16-19 The prepon-
derance of older observational studies
that reported a modest increase in breast
cancer diagnoses with use of unop-
posed estrogen were largely uncon-
trolled for mammography screening4,6

and detection bias may have con-
founded results. However, even re-
cent reports differ. In the Million
Women Study9 (a combined cross-
sectional and cohort analysis), there was
an increase in breast cancers with short-
term estrogen alone use whereas an-
other similarly sized observational study
reported no increase in breast cancer
with estrogen only16 and neither did 2
other studies reported during this pe-
riod.17,18 In fact, Kerlikowske et al19 re-
ported an 8% decrease (95% CI, −16%
to 0%) in breast cancer incidence
among women taking estrogen alone for
more than 5 years compared with those
not taking hormones in a large cohort
of women seen in community-based
mammography practices.

A conceptual model based solely on
stimulation of breast cancer growth by
estrogen addition and inhibition by es-
trogen reduction cannot explain avail-
able clinical and preclinical findings.20

In preclinical models, breast cancer
cells21,22 and breast cancer xeno-
graphs23,24 demonstrate apoptosis or tu-
mor regression in response to low-
dose estradiol after prior estrogen
deprivation. In postmenopausal breast
cancer patients, estrogen reduction with
aromatase inhibitors25 and estrogen

Figure 2. Cumulative Hazard for Invasive Breast Cancer: Sensitivity Analysis
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blockade with selective estrogen-
receptor modulators like tamoxifen,25

and exogenous estrogen24-28 have anti-
cancer effects. In addition, with-
drawal of hormone therapy29 (tamox-
ifen),30 selective estrogen-receptor
modulators, or the aromatase inhibi-
tor exemestane31 can result in breast
cancer regression. These data are con-
sistent with breast cancer cells being
susceptible to estrogen fluctuations
either above or below that tolerated by
normal breast glandular tissues.

In subgroup analyses, which require
cautious interpretation, significant

reductions were observed in ductal
carcinomas (HR, 0.71; 95% CI, 0.52-
0.99) but not lobular tumors, and in
invasive breast cancers in women who
were adherent to study medications
(HR, 0.67; 95% CI, 0.47-0.97; P=.03).
An effect of CEE on breast cancer was
seen in some subgroups at lower risk
(lower Gail risk estimate, no first-
degree relative with breast cancer, or
absence of benign breast disease).
Such findings suggest a stronger influ-
ence of CEE on breast cancer not
linked to family history and/or those
less likely to be associated with micro-

calcification, a mammography finding
that often leads to recommendation
for breast biopsy.

The observation of a lower breast
cancer incidence with CEE relative to
placebo in women with no prior hor-
mone use but not in women with prior
hormone use generates a hypothesis
that subsequent or continued estro-
gen use would not reduce risk further
because sensitive breast cancer cells al-
ready had exogenous estrogen expo-
sure. In this regard, similar annual
breast cancer incidence rates (be-
tween 0.26% and 0.29%) were seen in

Figure 3. Invasive Breast Cancers (Annualized %) by Baseline Characteristics and Randomization Assignment
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CEE indicates conjugated equine estrogens; CI, confidence interval.
*Gail risk score incorporates age, history of benign breast disease (atypia status unknown in the Women’s Health Initiative), age at menarche, age at first birth, race/

ethnicity, and numbers of mothers and sisters with breast cancer.13
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the 3 groups with prior or current es-
trogen use while a higher annual inci-
dence rate (0.40%) was seen only in the
women with no prior estrogen expo-
sure who were randomized to placebo
(Figure 4). Alternatively, the sub-
group with the higher incidence may
have simply occurred by chance.

In the WHI E � P trial, CEE com-
bined with medroxyprogesterone ac-
etate significantly increased mammo-
grams with recommended short interval
follow-up as well as those suspicious or
highly suggestive of malignancy.2 In the
current trial, CEE alone increased mam-
mograms with recommended short in-
terval follow-up but not those with
more suspicious findings. Variability in
radiologist use of a recommendation for
short interval follow-up as well as the
relation of such findings to breast can-
cer risk is recognized.32-34 Nonethe-
less, a mammogram with this recom-
mendation in clinical practice requires
a repeat mammography screening af-
ter 6 months32-34 with associated emo-
tional and economic costs.35-38 This find-
ing should be included in discussions
of risk and benefit of CEE use.

A total of 198 more biopsies with-
out a cancer diagnosis were reported by
women in the CEE group over the
course of the trial. Only about 20% of
biopsies in such a screened popula-
tion would have proliferative breast dis-
ease,39 a finding that is associated with
a modest 2% or 3% risk of breast can-
cer in the next decade,40 thus differen-
tial removal of precancerous lesions in
the CEE group by biopsies cannot ex-
plain the study findings.

Combined hormone use increases
mammogram breast density com-
pared with placebo or estrogen
alone.41-43 Further studies are needed to
define any mediating role for breast
density change on the differences in
mammogram findings seen in the 2
WHI hormone trials.

Observational studies regarding char-
acteristics of breast cancers diagnosed
while taking estrogen alone also have
been mixed.19,44 In the current random-
ized trial, the finding of a reduced inci-
dence of localized tumors with no in-

Figure 4. Cumulative Hazard for Invasive Breast Cancer by Prior Hormone Use and
Randomization Assignment
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Table 4. Characteristics of Invasive Breast Cancers by Treatment Group

No. (%) of Participants*

P
Value†

CEE Alone
(n = 104)

Placebo
(n = 133)

Tumor size, mean (SD), cm‡ 1.80 (1.18) 1.45 (0.88) .03§
No tumor found/no primary mass 2 (2.4) 1 (0.9)
Microscopic focus or foci 2 (2.4) 2 (1.8)
Tumor not clinically palpable 0 1 (0.9)
�0.5 7 (8.4) 16 (14.5)

.32§
�0.5-1 23 (27.7) 28 (25.5)
�1-2 26 (31.3) 44 (40.0)
�2-5 22 (26.5) 16 (14.5)
�5 1 (1.2) 2 (1.8)
Missing 21 (20.2) 23 (17.3) .57 �

Lymph nodes examined
No 11 (10.7) 11 (8.5) .58§
Yes 92 (89.3) 118 (91.5)
Missing 1 (1.0) 4 (3.0) .39 �

No. of lymph nodes examined, mean (SD)¶ 10.6 (9.7) 10.1 (7.4) .66§
No. of positive lymph nodes, mean (SD)# 1.4 (3.6) 1.0 (3.2) .34§
No. of positive lymph nodes

None 60 (64.5) 92 (76.7)
1-3 22 (23.7) 20 (16.7) .14§
�4 11 (11.8) 8 (6.7)
Missing 11 (10.6) 13 (9.8) .84 �

Lymph nodes positive (yes) 33 (35.5) 28 (23.3) .07§
Abbreviation: CEE, conjugated equine estrogens.
*Unless otherwise indicated.
†From a 2-sample t test for continuous variables or from a �2 or Fisher exact test for categorical variables.
‡Applies to those with a known tumor size (n = 76 for CEE and n = 102 for placebo).
§Test of association by using only known values of the characteristic.
�Test of association by using the percentage missing for the characteristic.
¶Applies to those with a known number of lymph nodes examined, including those with zero nodes examined (n = 103

for CEE and n = 130 for placebo).
#Applies to those with a known number of positive lymph nodes examined (n = 93 for CEE and n = 120 for placebo).
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crease in higher-stage disease rates is
consistent with the modest increase in
average tumor size seen in women as-
signed to CEE. A relative reduction in in-
vasive ductal compared with lobular car-
cinomas also could contribute because
the latter demonstrates lower sensitiv-
ity to mammography detection.45,46

Analyses indirectly exploring diagnos-
tic delay by considering prior hormone
use were not definitive and hence this
also remains a potential contributor.

However, the relatively short breast can-
cer doubling time of about 150 days47-49

and the continued divergence of the in-
cidence curves through more than 6
years of follow-up argues against a mask-
ing hypothesis as a major influence. Fur-
ther follow-up to provide additional data
regarding long-term consequences of
CEE exposure is ongoing.

A relatively consistent interaction of
body mass index with menopausal hor-
mones on breast cancer has been re-

ported in observational studies with
greater hormone effects in women with
lower body mass index.7,8,43,50 None-
theless, no significant interaction of
CEE and body mass index on breast
cancer risk was seen in either the cur-
rent Estrogen-Alone trial or in the WHI
combined E � P trial.2

Regarding differences in findings be-
tween the E � P and Estrogen-Alone
trials, the study cohorts differed by uter-
ine status (ie, all estrogen-alone par-

Table 5. Mammographic Findings and Reports of Breast Biopsy or Aspiration by Treatment Group and Time From Study Entry*

Baseline Year 1 Year 2

CEE Alone Placebo CEE Alone Placebo CEE Alone Placebo

Mammography performance of women due
for visit with mammography in study period, %

100 100 89.3 88.0 85.8 85.8

Mammography recommendation
Negative 2521 (54.0) 2507 (54.0) 2335 (49.5) 2540 (53.3) 2249 (50.0) 2423 (52.4)

Benign finding (negative) 1866 (40.0) 1880 (40.5) 1947 (41.3) 1963 (41.2) 1832 (40.7) 1888 (40.9)

Abnormal (total) 279 (6.0) 256 (5.5) 436 (9.2)† 260 (5.5) 421 (9.4)† 310 (6.7)

Short interval follow-up suggested 247 (5.3) 226 (4.9) 384 (8.1) 205 (4.3) 363 (8.1) 251 (5.4)

Suspicious abnormality 31 (0.7) 30 (0.6) 49 (1.0) 54 (1.1) 54 (1.2) 55 (1.2)

Highly suggestive of malignancy 1 (�0.1) 0 (�0.1) 3 (0.1) 1 (�0.1) 4 (0.1) 4 (0.1)

Breast biopsy or aspiration NA NA 41 (0.8) 46 (0.9) 112 (2.3) 85 (1.7)

Year 3 Year 4 Year 5

CEE Alone Placebo CEE Alone Placebo CEE Alone Placebo

Mammography performance of women due
for visit with mammography in study period, %

85.2 84.4 83.7 82.9 81.6 80.5

Mammography recommendation
Negative 2115 (47.7) 2352 (52.2) 2024 (46.8) 2219 (50.5) 1912 (45.6) 2072 (49.0)

Benign finding (negative) 1909 (43.0) 1836 (40.7) 1890 (43.7) 1871 (42.5) 1921 (45.8) 1877 (44.3)

Abnormal (total) 414 (9.3)‡ 318 (7.1) 413 (9.5)† 308 (7.0) 357 (8.5)‡ 287 (6.8)

Short interval follow-up suggested 355 (8.0) 270 (6.0) 364 (8.4) 258 (5.9) 313 (7.5) 244 (5.8)

Suspicious abnormality 52 (1.2) 44 (1.0) 44 (1.0) 45 (1.0) 38 (0.9) 40 (0.9)

Highly suggestive of malignancy 7 (0.2) 4 (0.1) 5 (0.1) 5 (0.1) 6 (0.1) 3 (0.1)

Breast biopsy or aspiration 112 (2.3) 80 (1.6) 127 (2.6) 93 (1.9) 115 (2.4) 78 (1.6)

Year 6 Year 7 and Later Cumulative

CEE Alone Placebo CEE Alone Placebo CEE Alone Placebo

Mammography performance of women due
for visit with mammography in study period, %

83.2 82.1 84.2 81.9 97.4 97.1

Mammography recommendation
Negative 1657 (43.6) 1821 (47.4) 1872 (46.1) 2062 (49.6) 646 (12.6) 793 (15.1)

Benign finding (negative) 1799 (47.3) 1739 (45.3) 1843 (45.4) 1817 (43.7) 2635 (51.2) 2983 (56.8)

Abnormal (total) 344 (9.1)‡ 279 (7.3) 348 (8.6)§ 277 (6.7) 1865 (36.2)† 1475 (28.1)

Short interval follow-up suggested 295 (7.8) 237 (6.2) 299 (7.4) 225 (5.4) 1542 (30.0) 1170 (22.3)

Suspicious abnormality 43 (1.1) 38 (1.0) 47 (1.2) 43 (1.0) 291 (5.7) 277 (5.3)

Highly suggestive of malignancy 6 (0.2) 4 (0.1) 2 (0.1) 9 (0.2) 32 (0.6) 28 (0.5)

Breast biopsy or aspiration 89 (1.9) 59 (1.2) 151 (2.0) 108 (1.4) 747 (2.0) 549 (1.5)
Abbreviations: CEE, conjugated equine estrogens; NA, not applicable.
*Data are presented as number (percentage) unless otherwise indicated.
†P�.001 for comparison of frequency of abnormal mammogram (short interval follow-up suggested, suspicious abnormality, highly suggestive of malignancy) in the CEE group com-

pared with the placebo group.
‡P�.01 for comparison of frequency of abnormal mammogram (short interval follow-up suggested, suspicious abnormality, highly suggestive of malignancy) in the CEE group compared

with the placebo group.
§P = .02 for comparison of frequency of abnormal mammogram (short interval follow-up suggested, suspicious abnormality, highly suggestive of malignancy) in the CEE group compared

with the placebo group.
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ticipants had a prior hysterectomy) and
by a large number of other baseline
characteristics.51 Nonetheless, the mean
5-year Gail breast cancer risk esti-
mates were similar (1.6% in the Estro-
gen-Alone trial and 1.5% in the E � P
trial) and annualized rates of invasive
breast cancer were similar for the pla-
cebo groups in the 2 trials (0.34% in Es-
trogen-Alone trial and 0.33% in E � P
trial). Thus, cross-study differences in
the study cohorts do not explain the dif-
ferences in breast cancer effects seen
and the results strongly suggest a role
for progestin in relation to increasing
breast cancer risk.

In conclusion, CEE alone for 7.1
years does not increase breast cancer in-
cidence in postmenopausal women with
hysterectomy and may decrease the risk
of early stage disease and ductal carci-
nomas. This result is in clear contrast
to the WHI trial of CEE combined with
medroxyprogesterone acetate in women
with a uterus, which showed a signifi-
cant increase in breast cancer inci-
dence over a mean of 5.6 years of
follow-up.2 Both trials showed a sub-
stantial increase in the frequency of
mammograms requiring follow-up from
the first year onward. However, this
increase was seen only for recom-
mended short-interval follow-up mam-
mograms in the Estrogen-Alone trial,
whereas it applied also to those with
suspicious abnormality or highly sug-
gestive of malignancy in the E � P trial.2

Initiation of CEE alone in women af-
ter hysterectomy should continue to be
based on careful consideration of po-
tential risks and benefits for a given in-
dividual.
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ford, Calif (Marcia L. Stefanick, Mark A. Hlatky, Bertha
Chen, Randall S. Stafford, Sally Mackey); State Uni-
versity of New York, Stony Brook (Dorothy Lane, Iris
Granek, William Lawson, Gabriel San Roman, Cather-
ine Messina); Ohio State University, Columbus (Re-
becca Jackson, Randall Harris, Electra Paskett, W. Jerry
Mysiw, Michael Blumenfeld); University of Alabama,
Birmingham (Cora E. Lewis, Albert Oberman, James
M. Shikany, Monika Safford, Mona Fouad); Univer-
sity of Arizona, Tucson/Phoenix (Tamsen Bassford,
Cyndi Thomson, Marcia Ko, Ana Maria Lopez, Cheryl
Ritenbaugh); State University of New York, Buffalo
( Jean Wactawski-Wende, Maurizio Trevisan, Ellen
Smit, Susan Graham, June Chang); University of Cali-
fornia at Davis, Sacramento ( John Robbins, S. Yas-
meen); University of California, Irvine (F. Allan Hub-
bell, Gail Frank, Nathan Wong, Nancy Greep, Bradley
Monk); University of California, Los Angeles (Howard
Judd, David Heber, Robert Elashoff ); University of
California at San Diego, LaJolla/Chula Vista (Robert
D. Langer, Michael H. Criqui, Gregory T. Talavera, Ced-
ric F. Garland, Matthew A. Allison); University of
Cincinnati, Cincinnati, Ohio (Margery Gass, Suzanne
Wernke); University of Florida, Gainesvil le/
Jacksonville (Marian Limacher, Michael Perri, An-
drew Kaunitz, R. Stan Williams, Yvonne Brinson); Uni-
versity of Hawaii, Honolulu ( J. David Curb, Helen
Petrovitch, Beatriz Rodriguez, Kamal Masaki, San-
tosh Sharma); University of Iowa, Iowa City/
Davenport (Robert Wallace, James Torner, Susan
Johnson, Linda Snetselaar, Jennifer Robinson); Uni-
versity of Massachusetts/Fallon Clinic, Worcester ( Ju-
dith Ockene, Milagros Rosal, Ira Ockene, Robert Yood,
Patricia Aronson); University of Medicine and Den-
tistry of New Jersey, Newark (Norman Lasser, Baljinder
Singh, Vera Lasser, John Kostis, Peter McGovern); Uni-
versity of Miami, Miami, Fla (Mary Jo O’Sullivan, Linda
Parker, Timothy DeSantis, Diann Fernandez, Pat Cara-
lis); University of Minnesota, Minneapolis (Karen L.
Margolis, Richard H. Grimm, Mary F. Perron, Cyn-
thia Bjerk, Sarah Kempainen); University of Nevada,
Reno (Robert Brunner, William Graettinger, Vicki Ou-
jevolk, Michael Bloch); University of North Carolina,
Chapel Hill (Gerardo Heiss, Pamela Haines, David
Ontjes, Carla Sueta, Ellen Wells); University of Pitts-
burgh, Pittsburgh, Pa (Lewis Kuller, Jane Cauley, N.
Carole Milas); University of Tennessee Health Sci-
ence Center, Memphis (Karen C. Johnson, Suzanne
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Satterfield, Raymond W. Ke, Stephanie Connelly, Fran
Tylavsky); University of Texas Health Science Cen-
ter, San Antonio (Robert Brzyski, Robert Schenken, Jose
Trabal, Mercedes Rodriguez-Sifuentes, Charles Mou-
ton); University of Wisconsin, Madison (Gloria E. Sarto,
Douglas Laube, Patrick McBride, Julie Mares-
Perlman, Barbara Loevinger); Wake Forest Univer-
sity School of Medicine, Winston-Salem, NC (Denise
Bonds, Greg Burke, Robin Crouse, Mara Vitolins, Scott
Washburn); Wayne State University School of Medi-
cine/Hutzel Hospital, Detroit, Mich (Susan Hendrix,
Michael Simon, Gene McNeeley).
Former WHI Principal Investigators and Project Of-
ficers: John Foreyt, PhD (Baylor College of Medicine);
Dallas Hall, MD (Emory University); Valery Miller, MD
(George Washington University); Robert Hiatt, MD (Kai-
ser, Oakland, Calif ); Barbara Valanis, DrPh (Kaiser, Port-
land, Ore); Carolyn Clifford (National Cancer Insti-
tute, Bethesda, Md); Frank Meyskens, Jr, MD (University
of California, Irvine); James Liu, MD, and Nelson Watts,
MD (University of Cincinnati); Marianna Baum, PhD
(University of Miami); Richard Grimm, MD (Univer-
sity of Minnesota); Sandra Daugherty, MD† (Univer-
sity of Nevada); David Sheps, MD, and Barbara Hulka,
MD (University of North Carolina, Chapel Hill); Wil-
liam Applegate, MD (University of Tennessee, Mem-
phis); Catherine Allen, PhD (University of Wisconsin).
†Deceased.
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