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Abstract
Context—The Women’s Health Initiative Estrogen-alone Trial was stopped early after 7.1 years
(mean) follow-up. Postintervention health outcomes have not been reported.

Objective—To examine health outcomes associated with randomization to conjugated equine
estrogen (CEE) treatment in women with prior hysterectomy after 10.7 (mean) years follow-up
through August 2009.

Design, Setting, and Participants—The intervention phase was a double-blind, placebo-
controlled, randomized trial of CEE, 0.625 mg/day or placebo in 10,739 US postmenopausal
women aged 50–79 years with prior hysterectomy. Follow-up continued after the planned trial
completion date among 7645 (78%) surviving participants who provided written consent.

Main Outcome Measures—The primary outcomes were CHD and invasive breast cancer. A
global index of risks and benefits included these 2 endpoints plus stroke, pulmonary embolism,
colorectal cancer, hip fracture, and death.

Results—Postintervention risks for women assigned to CEE vs. placebo were similar to the
intervention period for CHD (annualized rates 0.64% in CEE vs. 0.67% in placebo; hazard ratio
(HR)=0.97, 95% CI 0.75–1.25), breast cancer (0.26% vs. 0.34%; HR=0.75, 0.51–1.09), and total
mortality (1.47% vs. 1.48%; HR=1.00, CI 0.84–1.18). Postintervention risks changed for stroke
(0.36% vs. 0.41%; HR=0.89, 0.64–1.24), deep vein thrombosis (0.17% vs. 0.27%; HR=0.63,
0.41–0.98), and hip fracture (0.36% vs. 0.28%; HR=1.27, 0.88–1.82). Over the entire follow-up,
lower breast cancer incidence in the CEE group persisted (0.27% vs. 0.35%; HR=0.77, 0.62–0.95).
Health outcomes were more favorable for younger compared to older women for CHD (p for age-
interaction=0.049), total MI (p-interaction=0.007), colorectal cancer (p-interaction=0.04), total
mortality (p-interaction =0.04), and global index (p-interaction=0.009).

Conclusions—Among postmenopausal women with prior hysterectomy followed for 10.7 years,
CEE use for a median of 5.9 years was not associated with an increased or decreased risk of CHD,
deep vein thrombosis, stroke, hip fracture, colorectal cancer, or total mortality. A decreased risk of
breast cancer persisted.

Keywords
estrogen; coronary heart disease; breast cancer; stroke; pulmonary embolism; hip fracture;
colorectal cancer; total mortality; Women’s Health Initiative

INTRODUCTION
The Women’s Health Initiative (WHI) Estrogen alone Trial is a double-blind, placebo
controlled, randomized clinical trial evaluating effects of conjugated equine estrogens (CEE)
on chronic disease incidence among postmenopausal women with prior hysterectomy. The
trial intervention was stopped one year early after 7.1 (mean) years of follow-up because of
an increased stroke risk and little likelihood of altering the balance of risk to benefit by the
planned termination date. Analyses of the intervention period suggested treatment effects
differed by age with younger women on CEE having lower risk of coronary heart disease
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(CHD), colorectal cancer, total death, and global index compared to older women.1

However, the tests for interaction were statistically significant only for colorectal cancer.1

All previous reports of this trial were limited to outcomes occurring during the intervention
phase. We now report information on postintervention outcomes through 10.7 years mean
follow-up. This pre-planned analysis has three objectives: 1) to assess the long-term effects
of CEE intervention on health outcomes; 2) to determine whether effects of CEE on health
outcomes differed between the intervention and post-intervention periods; and 3) to
determine if previously identified suggestions of age-specific differences in effects of CEE
on health outcomes persisted after stopping intervention.

METHODS
Intervention Phase

Details of the WHI Estrogen-alone Trial have been published previously.1, 2 Briefly,
postmenopausal women aged 50–79 were recruited at 40 US clinical centers between 1993
and 1998. Women were eligible if they had prior hysterectomy, were not taking hormone
therapy and had anticipated 3-year survival. Women were excluded for prior breast cancer
or other cancer within ten years except non-melanoma skin cancer, or prior venous
thromboembolism if screened after 1997. The study protocol was approved by institutional
review boards at participating institutions and all participants provided written informed
consent. This trial is registered with clinicaltrials.gov (NCT00000611).

A total of 10,739 women were randomly assigned to oral 0.625 mg per day of CEE
(Premarin®, Wyeth Ayerst, Philadelphia, Pennsylvania) or matching placebo.
Randomization was implemented at the WHI Clinical Coordinating Center using a permuted
block algorithm, stratified by clinical center and age group.1 The clinical trial target size of
12,375 was calculated to provide 81% power to detect a 21% reduction in CHD at 9 years
follow-up. With the actual randomized sample size, the power estimate was 72% for a 21%
reduction in CHD.

When the active intervention phase ended after 7.1 years (mean) on February 29, 2004, vital
status was known for 95% of participants with 5.4% deceased. By this time 54% of
participants had stopped taking study medication. Median time on treatment was 5.9 or 5.8
years in the CEE vs. placebo groups, respectively (interquartile range 2.5–7.3 years). The
median adherent time on treatment (taking > 80% of study pills), was 3.5 years in both
groups (interquartile range 1.5–6.5 years).

Clinical outcomes were collected through semi-annual mailed questionnaires and annual
clinic visits. Outcomes were verified,3 initially by trained physician adjudicators at the local
clinical centers by medical record review, followed by final adjudication at the WHI Clinical
Coordinating Center. All adjudicators were blinded to treatment assignment. This report
examines all outcomes presented in the initial report.1

Demographic characteristics and medical history were collected by self-report using
standardized questionnaires. Race/ethnicity was reported by participants within pre-defined
categories matching the US Census. This information was required by the funding agency to
monitor minority representation is the trial.

Postintervention Period and Extension
The postintervention period began on March 1, 2004 when participants were instructed to
discontinue study pills. The current report reflects a mean (SD) duration of postintervention
follow-up of 47.2 (20.7) months through August 14, 2009. After the protocol-specified
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termination date of March 31, 2005, subsequent follow-up required written reconsent which
was obtained from 77.9% (n=3778) and 78.4% (n=3867) of surviving CEE and placebo
group participants, respectively. Outcomes identified from annual mailed questionnaires
were verified by medical record review as previously described.3 Annual mammograms
were encouraged and tracked by annual mammography report review. During
postintervention, 3.6–4.7% of women from the CEE group and 2.7–3.0% of placebo women
reported estrogen-alone use (any route of administration) on annual questionnaires.

Statistical Analyses
Primary analyses included all randomized participants using time-to-event methods and are
based on the intention-to-treat principle as described previously.4 Thus, all randomized
participants were included in the analyses according to their randomized group assignment
until they last provided follow-up information (Figure 1). Entry baseline characteristics for
women who reconsented were compared by randomization group using Chi-square and t-test
statistics.

Annualized rates of clinical events were estimated for the intervention period, the
postintervention period, and the entire follow-up period by dividing the number of events by
the corresponding person-time in each phase. Cumulative incidence curves are shown for
each trial phase with shading used to represent quintiles of intended duration of intervention
(elapsed time from randomization until the intervention ended on February 29, 2004).
Hazard ratios were estimated using Cox proportional hazards models5 stratified by age, prior
disease (if appropriate), and randomization status in the WHI Dietary Modification Trial.6

Models were constructed for each clinical endpoint where women contributed follow-up
time until the end of the interval, the date of their first relevant clinical event, or the date of
death or withdrawal from the study whichever came first. Formal tests of the differences
between hazard ratios in the intervention vs. postintervention phases were calculated by
inclusion of a binary term for trial phase as a time-dependent variable as previously
described.4 Absolute rates and attributable risks (rate differences between CEE and placebo
groups) were also calculated. All statistical tests were two-sided. Nominal P-values are
reported without adjustment for multiple outcomes or sequential looks during the clinical
trial follow-up period. Age-stratified subgroup analyses are reported for 10 outcomes; at the
0.05 level of significance, 0–1 interaction p-values could be statistically significant based on
chance alone.

To determine whether non-consent to postintervention follow-up importantly influenced risk
estimates, inverse probability weighting analyses were conducted using methods described
previously.4 Adherence sensitivity analyses were also conducted by censoring follow-up six
months after participants became non-adherent (taking < 80% of study pills or starting non-
protocol hormone therapy). For these analyses, participants who reconsented or were
adherent, respectively, were included in analyses that used the inverse of the participant’s
estimated reconsent/adherence probability as a weighting factor.

Statistical software SAS, version 9.2 and R, version 2.11 were used for these analyses.

RESULTS
Baseline Characteristics

The participant flow throughout the study is outlined in Figure 1. Among the women who
reconsented, baseline characteristics remained similar to those published at entry1 and were
evenly distributed by randomized treatment assignment (Table 1). Small differences were
observed for parity and bilateral oophorectomy between randomization groups.
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Comparison of Intervention and Postintervention Findings
Incident clinical events by randomization assignment and corresponding hazard ratios for
the intervention, postintervention, and overall follow-up periods are summarized in Figure 2.
Hazard ratios for CHD during the postintervention period were close to unity (Figures 2 and
3a) and similar to those observed during the intervention. The increased stroke risk seen
during intervention was not present postintervention (0.36% [n=66] in CEE vs. 0.41%
[n=77] in placebo, HR 0.89; 95% CI 0.64–1.24, P-difference 0.05; Figures 2 and 3b).
Similarly, the increase in deep vein thrombosis and pulmonary embolism (DVT/PE) with
CEE use during intervention was not maintained postintervention (0.28% [n=52] vs 0.39%
[n=74], HR 0.72; 95% CI 0.51–1.03, Figures 2 and 3c). For all cardiovascular events, the
cumulative hazard ratio associated with CEE was 1.06 (95% CI 0.98–1.15, 2.26% [n=1146]
vs. 2.12% [n=1113]).

During postintervention, 81.2% of women in the CEE group and 81.3% of women in the
placebo group had at least one mammogram. Hazard ratios comparing rates of invasive
breast cancer in women randomized to CEE vs. placebo were similar during the intervention
(HR 0.79; 95% CI 0.61 to1.02) and postintervention phases (HR 0.75; 95% CI 0.51 to1.09)
(Figure 2; Figure 3d). Consequently, a statistically significant lower cumulative breast
cancer incidence was seen in the CEE compared to the placebo group (0.27% [n=151] vs.
0.35% [n=199], HR 0.77, 95% CI 0.62 to 0.95, P=0.02). Colorectal cancer incidence did not
differ for the CEE vs. placebo groups during the intervention or postintervention (Figures 2
and 3e).

The reduced hip fracture risk seen during intervention with CEE was not maintained
postintervention (0.36% [n=66] vs. 0.28% [n=53], HR 1.27; 95% CI 0.88 to 1.82; P-
difference=0.01; Figure 2) resulting in an overall hazard ratio of 0.92 (95% CI 0.71 to 1.18;
0.20% [n=114] vs. 0.22% [127]). During postintervention, the cumulative incidence curves
for the CEE and placebo groups are superimposed for three years and thereafter, hip fracture
incidence was slightly higher in the CEE group (Figure 3f).

Randomization to CEE did not influence total mortality or the global index of benefits and
harms either during or after intervention (Figures 2, 3g and 3h).

Age-specific Comparisons
The age-specific intervention results are updated in Figure 4 for the overall follow-up
period. The overall hazard ratios for CHD differed in women aged 50–59 (HR 0.59, 95% CI
0.38 to 0.90; 0.18% [n=33] vs. 0.31% [n=56]) compared to older women where hazard
ratios were near unity (interaction P-value=0.049). For total myocardial infarction, the
hazard ratio was 0.54 (95% CI 0.34–0.86, 0.15% [n=27] vs. 0.27% [n=50]) for women aged
50–59; 1.05 (95% CI 0.82–1.35, 0.51% [n=126] vs. 0.48% [n=124] for women aged 60–69;
and 1.23 (95% CI 0.92–1.65, 0.82% [n=101] vs. 0.66% [n=84]) for women aged 70–79
(interaction P-value =0.007). A similar pattern was seen when time since menopause (as
previously defined

7) was examined instead of age for both coronary endpoints (data not
shown). Overall, stroke risks were nonsignificantly elevated for all age groups (interaction
P-value=0.91). For deep vein thrombosis and pulmonary embolism no age specific
differences emerged but the increased risks during intervention subsided postintervention.

There were fewer invasive breast cancers in the CEE vs. placebo groups in all three age
groups (P-interaction=0.96). The previously observed age interaction for colorectal cancer
was still significant considering the entire follow-up period. Women aged 70–79 years at
entry experienced nearly two-fold increased risk of colorectal cancer in the CEE vs. placebo
groups (HR 1.83, 95% CI 1.08 to 3.12; 0.30% [n=38] vs. 0.16% [n=21], P-interaction=0.04).
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Hazard ratios for total mortality and global index differed by age as previously suggested.7

Younger postmenopausal women (age 50–59) randomized to CEE vs. placebo had lower
risk of death (HR 0.73; 95% CI 0.53–1.00, 0.35% [n=65] vs. 0.48% [n=89]) compared to no
increased risk among women in their 60s (HR 1.04; 95% CI 0.88–1.24, 1.00% [n=254] vs.
0.96% [253]) and a slight increased risk of death among women in their 70s (HR 1.12, 95%
CI 0.94–1.33, 2.02% [n=258] vs.1.83% [n=239]; P-interaction=0.04). A similar pattern was
observed by age for the global index with possible overall benefit among younger women
(HR 0.85; 95% CI 0.70–1.03, 1.04% [n=184] vs. 1.22% [n=217]) and possible harm among
the oldest women (HR 1.15, 95% CI 1.01–1.32, 4.04% [n=466] vs. 3.56% [n=423]; P-
interaction=0.009).

Expressed as absolute rates per 10,000 women annualized over the average 10.7 year
follow-up period, women aged 50–59 using CEE alone had 12 fewer acute myocardial
infarctions, 13 fewer deaths, and net 18 fewer adverse events in the global index, compared
to women receiving placebo. In contrast, women aged 70–79 using CEE alone had 16 excess
myocardial infarctions, 19 excess deaths, and 48 net excess adverse events in the global
index, compared to women receiving placebo.

Sensitivity Analyses
The results were similar when using inverse probability weighting to account for censoring
due to non-consent for post-intervention follow-up. The hazard ratio for breast cancer for the
cumulative follow-up period became 0.81 (95% CI 0.64–1.01). Age-stratified results were
virtually identical to those described above with interaction p-values reflecting some loss of
precision with the inverse probability weights: CHD (p=0.23); total myocardial infarction
(p=0.01); colorectal cancer (p=0.09); death (p=0.13) and global index (p=0.02). In each
case, women in their 50s had more favorable hazard ratios than older women.

The results were also similar when women were censored six months after becoming
nonadherent during the intervention period. Adherence-adjusted hazard ratios for the overall
follow-up period using inverse-probability weights showed an increased risk of stroke
(HR=1.50; 95% CI 1.11 to 2.05) and lower breast cancer risk (HR=0.68; 95% CI 0.49 to
0.95) with CEE use. No significant age-interactions emerged for any outcome in the
adherence-adjusted analyses; however, power was limited due to substantial censoring.

COMMENT
Among these postmenopausal women with prior hysterectomy who stopped CEE
intervention after 5.9 median years of use, several patterns of health risks and benefits seen
during the intervention period were not maintained postintervention, while other trends
persisted. For CHD, a primary trial endpoint, hazard ratios remained null after stopping
intervention and overall. The increase in stroke and venous thromboembolism risk seen
among women randomized to CEE during the intervention period rapidly dissipated
postintervention as did the hip fracture benefit. The lower breast cancer incidence seen
among women randomized to CEE during the intervention period became statistically
significant with extended follow-up. Considering the entire follow-up period, rates of total
mortality and the global index were essentially the same in the CEE and placebo groups.
Statistically significant age interactions for CEE use, suggesting greater safety and possible
benefit among women in their 50s and potential harm among older women, were observed
for CHD, total myocardial infarction, colorectal cancer, total mortality, and global index.

The statistically significant reduction in breast cancer incidence seen with CEE use
continued a trend that emerged during the intervention period.8,9 This finding differs from
the preponderance10–12 but not all13,14 observational studies which suggest that CEE use,
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especially in lean women15,16 and after long duration exposure,17 increases breast cancer
incidence. In this randomized trial, we previously reported no significant differences by
body mass index (BMI) for CEE effects on breast cancer incidence.8 Investigators from the
Million Women Study cohort have suggested,18 based on recent findings,19–21 that time-
from-menopause (longer in the WHI vs. shorter in usual clinical practice and observational
study cohorts) may account for some of the differences in risk estimates. Alternatively,
confounding by differential mammogram use in the observational studies (higher in estrogen
users) may explain the finding of higher breast cancer incidence in hormone users.21 Future
subgroup analyses in this trial, beyond the scope of the current report, will explore this issue.

A confounding role for diagnostic delay to explain our breast cancer results is unlikely since
CEE only modestly influenced breast density22 and mammogram diagnostic performance.23

In terms of biological plausibility, preclinical,24,25 and clinical26 studies suggest adaptive
changes that occur in estrogen-exposure gene expression profiles after estrogen
deprivation27 may render mammary tumors susceptible to inhibition by estrogen. In contrast
to these estrogen-alone results, the WHI combined estrogen plus progestin trial among
women with a uterus showed that treatment impeded mammographic accuracy, and
significantly increased both breast cancer incidence and breast cancer mortality. 28–30

With extended follow-up, hip fracture cumulative incidence was the same in the CEE and
placebo groups. Rates of hip fracture were somewhat higher among CEE vs. placebo
participants after stopping intervention. These results are consistent with studies showing
accelerated bone loss31 and a short-term increased risk of hip fracture among women who
discontinue hormone therapy32 and no fracture risk reduction or elevation in past hormone
therapy users.33,34

Our results suggest that women randomized to CEE while in their 50s had fewer CHD
events than those randomized to placebo, findings supported by preclinical35 and clinical
information36–38 but not applying to older women. In a subset of WHI participants aged 50–
59 at study entry, coronary artery calcium measurements, a marker for atherosclerotic
plaque burden, were lower following trial completion among women randomized to CEE vs.
placebo.36 Other support derives from nonhuman primate models37 and observational
studies.39–41 An important caveat is that study participants took unopposed estrogen for a
median duration under 6 years.

These new findings emphasize the need to counsel women about hormone therapy
differently depending on their age and hysterectomy status. Postmenopausal women with
hysterectomy considering initiation of CEE should be counseled about venous
thromboembolism and stroke risks during treatment which recede after cessation. Among
younger women, no new safety concerns emerged and some risk reductions became
apparent. In older women, risks of colorectal cancer, death, and the global index of chronic
diseases were elevated over the cumulative follow-up period. The risks and benefits of CEE
use for periods longer than 5–6 years cannot be inferred from these data in any age group.
Mechanisms underlying the reduced risks of breast cancer in all women, and coronary
events in younger but not older women, warrant further study.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Consort diagram of the WHI Hormone Therapy Estrogen-Alone Trial through extended
follow-up
* Data as of August 14, 2009.
†Consent status as of August 14, 2009.
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Figure 2.
Effects of randomized assignment to conjugated equine estrogen vs. placebo on clinical
outcomes during intervention phase and post-intervention in the Women’s Health Initiative
Estrogen-alone Trial (details in Appendix 2 Table).
aHazard ratios and 95% confidence intervals are shown for the intervention phase in green,
the post-intervention period in red, and the overall period in black. The P-difference (shown
in blue) tests whether the hazard ratio for the intervention phase equals the hazard ratio for
the post-intervention period.
bHazard ratios are derived from proportional hazards models stratified by prior disease (for
outcomes where women were eligible for enrollment with and without the prevalent
condition), age and dietary modification randomization group. Models for the overall 10.7
mean year follow-up period include a time dependent term for trial phase. For the
intervention and overall phases, time to event equals 0 on date of randomization. For the
postintervention phase, time to event equals 0 on February 29, 2004.
Abbreviations: CABG, coronary artery bypass graft; CEE, conjugated equine estrogen;
CHD, coronary heart disease; CI, confidence interval; CVD, cardiovascular disease; DVT,
deep vein thrombosis; HR, hazard ratio; MI, myocardial infarction; PE, pulmonary
embolism; PTCA, percutaneous transluminal coronary angioplasty.
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Figure 3.
Cumulative incidence of clinical outcomes by randomized assignment to conjugated equine
estrogen or placebo during the intervention phase and post-intervention in the Women’s
Health Initiative Estrogen-alone Trial (8 graphs)
aShading represents quintiles of duration of intended intervention and follow-up in the study
population (elapsed time from randomization until the intervention ended on February 29,
2004). Darker shading corresponds to a quintile of time in which more women were still
being followed; lighter shading corresponds to a quintile of time in which fewer women
were still being followed depending on their date of randomization.
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Figure 4.
Cumulative annualized incidence ratesa, hazard ratiosb, and 95% confidence intervals for
clinical outcomes in the Women’s Health Initiative Estrogen-alone Trial according to ten-
year age groupsc at enrollment.
a Annualized incidence rates were estimated for the overall follow-up period by dividing the
number of events by the corresponding person-time for participants in each age strata.
b Hazard ratios for the overall follow-up period are shown in the black squares. For
comparison, hazard ratios for the intervention phase are shown in the open bars.
cSample sizes at enrollment for each age and randomization group are as follows: age group
50–59, 1637 (CEE), 1673 (placebo); age group 60–69, 2387 (CEE), 2465 (placebo); age
group 70–79, 1286 (CEE), 1291 (placebo).
Abbreviations: CEE, conjugated equine estrogen; CHD, coronary heart disease; CI,
confidence interval; HR, hazard ratio; MI, myocardial infarction.
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