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Abstract

Background: While progestin addition to estrogen mitigates endometrial cancer risk, the magnitude of the effect on 
incidence, specific endometrial cancer histologies, and endometrial cancer mortality remains unsettled. These issues were 
assessed by analyses after extended follow-up of the Women’s Health Initiative (WHI) randomized clinical trial evaluating 
continuous combined estrogen plus progestin use.

Methods: The WHI enrolled 16 608 postmenopausal women into a randomly assigned, double-blind, placebo-controlled 
trial. Women age 50 to 79 years with intact uteri with normal endometrial biopsy at entry were randomly assigned to once-
daily 0.625 mg conjugated equine estrogen plus 2.5 mg medroxyprogesterone acetate (n = 8506) as a single pill or matching 
placebo (n = 8102). Follow-up beyond the original trial completion date required reconsent, obtained from 12 788 (83%) of 
surviving participants. Analyses were by intent-to-treat. All statistical tests were two-sided.

Results: After 5.6 years’ median intervention and 13 years’ median cumulative follow-up, there were fewer endometrial 
cancers in the combined hormone therapy compared with the placebo group (66 vs 95 case patients, yearly incidence, 0.06% 
vs 0.10%; hazard ratio [HR] = 0.65, 95% confidence interval [CI] = 0.48 to 0.89, P = .007). While there were somewhat fewer 
endometrial cancers during intervention (25 vs 30, respectively; HR = 0.77, 95% CI = 0.45 to 1.31), the difference became 
statistically significant postintervention (41 vs 65, respectively; HR = 0.59, 95% CI = 0.40 to 0.88, P = .008), but hazard ratios 
did not differ between phases (Pdifference = .46). There was a statistically nonsignificant reduction in deaths from endometrial 
cancer in the estrogen plus progestin group (5 vs 11 deaths, HR = 0.42, 95% CI = 0.15 to 1.22).

Conclusion: In postmenopausal women, continuous combined estrogen plus progestin decreases endometrial cancer incidence.

Exogenous estrogen use increases endometrial cancer risk 
(1–3). While combined estrogen plus progestin use results in 

less endometrial hyperplasia, an endometrial cancer precur-
sor, than does estrogen alone (4,5), the magnitude of estrogen 
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plus progestin influence on estrogen-associated endometrial 
cancer risk has not been conclusively defined (6). While a few 
case-control studies describe increased endometrial cancer risk 
with long-duration combined hormone therapy (7,8), a recent 
meta-analysis of published cohort studies found a statistically 
significantly lower endometrial cancer risk with continuous 
combined estrogen plus progestin use (6). Nonetheless, several 
recent menopause society (9,10) and task force (11) updates do 
not describe continuous estrogen plus progestin use as reduc-
ing endometrial cancer. In addition, the influence of continuous 
combined hormone therapy on types of endometrial cancer and 
endometrial cancer mortality remains unsettled (12).

Against this background, in earlier reports from the Women’s 
Health Initiative (WHI) randomized, placebo-controlled trial evalu-
ating continuous combined estrogen plus progestin fewer endome-
trial cancers were seen with combined hormone therapy use, but 
the differences were not statistically significant (13,14). Recently, 
with median cumulative follow-up of 13 years in this trial, estrogen 
plus progestin use was found to statistically significantly decrease 
endometrial cancer incidence (15). In the current report, we extend 
that finding by providing analyses on estrogen plus progestin 
effects on endometrial cancer type, findings in relevant clinical sub-
groups, and information on endometrial cancer–related mortality.

Methods

Study Design and Participants

Trial methodology has been described (16,17). Briefly, postmen-
opausal women age 50 to 79 years with an intact uterus were 
enrolled at 40 US clinical centers. Exclusions were prior breast 
cancer, anticipated survival of less than 3 years, and previ-
ous invasive cancer within 10  years. A  three-month wash-out 
period was required for hormone therapy users at screening. 
Institutional review board approval was obtained at each clinical 
center, and all participants provided written, informed consent.

Women were randomly allocated to daily combined conjugated 
equine estrogens (0.625 mg/day) plus medroxyprogesterone ace-
tate (2.5 mg/day) (n = 8506) as a single pill (Prempro; Wyeth-Ayerst, 
Collegeville, PA) or an identical-appearing placebo (n = 8102) using 
a computerized, permuted-block algorithm, stratified by age group 
and clinical center. Random assignment and double-blind study 
drug dispensing utilizing a secured database system were imple-
mented by the WHI Clinical Coordinating Center (Seattle, WA). The 
trial protocol can be accessed at whi.org. This trial is registered 
with clinicaltrials.gov, number NCT000000611.

Data Collection

Baseline characteristics were collected using standardized ques-
tionnaires or by interview. Nonstudy drug use was accessed by 
interviewer-administered questionnaire serially. Study medication 
adherence was annually measured initially by pill counts and later 
by weighing return bottles. Health status was accessed twice yearly.

Endometrial Cancer

Endometrial cancer was one of the prospectively identified main 
study outcomes, which also included coronary heart disease (CHD), 
invasive breast cancer, stroke, pulmonary embolism, colorectal 
cancer, hip fracture, and a global index of these outcomes. Initial 
outcomes reports were confirmed locally by centrally trained 
physician adjudicators after medical record review. Final cancer 

adjudication was conducted at the Clinical Coordinating Center 
(17). Reasons for hysterectomy were prospectively collected.

Clinical Trial Course

After 5.6  years of median follow-up, the intervention was 
stopped when overall risks exceeded benefits and participants 
were instructed to discontinue study drug on July 8, 2002 (16). 
Protocol-defined follow-up continued through March 31, 2005, 
the prospectively determined trial completion date. Follow-up 
after that date required reconsent, obtained from 12 788 (83%) of 
15 408 surviving participants. The participant flow is described in 
a CONSORT diagram (Figure 1) (18). Deaths were documented by 
death certificate and medical record review by centrally trained 
physician adjudicators. Additionally, linkage to the National 
Death Index linkage was conducted on December 31, 2008.

Endometrial Evaluation

For safety, endometrial biopsies were required prior to study 
entry. Biopsy reports of endometrial cancer and complex ade-
nomatous hyperplasia, with or without atypia, precluded study 
entry. Women with simple hyperplasia were not eligible but could 
subsequently enter with resolution of histologic abnormality. 
A cohort of 5% of participants was randomly identified to undergo 
scheduled biopsies at three years of follow-up. Biopsies were per-
formed by WHI clinical staff (13) and read by pathologists blinded 
to random assignment. During follow-up, other endometrial biop-
sies and vaginal ultrasounds were performed for medical indica-
tions. Women with persistent or heavy bleeding were evaluated 
by clinical center gynecologists. If biopsy was indicated, gynecol-
ogist unblinding was permitted. Diagnosis of endometrial can-
cer and complex or adenomatous hyperplasia, with or without 
atypia, required discontinuation of study medications. For simple 
hyperplasia, placebo group participants had study medication 
discontinued and received referral to their health care providers 
for further management. Estrogen plus progestin group partici-
pants with simple hyperplasia were continued on study medica-
tion with additional 20 mg/day of medroxyprogesterone acetate 
with biopsies repeated in three to six months.

Statistical Analysis

The target sample size of 15 125 was based primarily on pro-
jected coronary heart disease benefit. Results for endometrial 
cancer incidence and deaths directly attributed to endometrial 
cancer were assessed with time-to-event methods based on the 
intent-to-treat principle, which included all 16 608 randomly 
assigned participants. Cancer incidence rate comparisons, pre-
sented as hazard ratios (HRs) and 95% confidence intervals (CIs) 
from Cox proportional hazard models, were stratified by age and 
randomization groups in the WHI dietary trial, and proportion-
ality was verified with the Grambsch and Therneau’s test (19).

Analyses were conducted for three time periods: the inter-
vention phase from random assignment through July 7, 2002, the 
postintervention phase beginning July 8, 2002, and for cumulative 
results (through September 30, 2010). Participants were included 
in postintervention phase analyses if they were alive, in follow-up, 
and had no prior endometrial cancer as of July 8, 2002. Censoring 
was defined by the earliest date of death and last follow-up date.

Analyses of cumulative results begin at random assign-
ment with censoring as above and included all randomly 
assigned participants. The heterogeneity of hazard ratios across 
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endometrial cancer subtypes was assessed with competing risk 
methods (19). In analyses examining deaths from endometrial 
cancer, women were censored at last contact date.

Exploratory interactions were examined for eleven baseline 
characteristics potentially related to endometrial cancer risk 
(20) within the primary Cox model, expanded to include the des-
ignated baseline factors, random assignment, and interaction 
term(s). At most, one interaction was expected to be statistically 
significant at the .05 level by chance alone.

When initiated in 1993, the trial originally included random 
assignment to an estrogen alone arm. When clinical trial results 
indicated estrogen alone increased endometrial epithelial pro-
liferation (4), that arm was dropped and the 331 women in the 
estrogen alone group were added to the combined therapy group.

All analyses were conducted using SAS version 9.3 (SAS 
Institute Inc., Cary, NC). Figures were created using R 2.15 (R 
Foundation for Statistical Computing, Vienna, Austria). All P val-
ues are two-sided, and P values of .05 or less were regarded as 
statistically significant.

Results

Participant characteristics in the two randomly assigned groups 
were closely comparable in both the initial 16 608 randomly 
assigned participants (16,21) and the 12 788 participants recon-
senting for extended follow-up with no statistically significant 
differences (Table  1). Reconsent rates were similar between 
randomly assigned groups, even when considered by baseline 

373092 Women initiated screening

18845 Provided consent and
reported no hysterectomy

16608 Randomized

8506 Assigned to receive
conjugated equine estrogens plus
medroxyprogesterone acetate

8102 Assigned to receive placebo

7687 Had any postintervention
follow-up

572 Not eligible for extension phase
385 Deceased
187 No contact

7530 Eligible to participate in
extension phase

1287 Did not consent to extension
phase participation
832 Refused
108 No response
106 Not approached
241 Missing

6243 Consented to participate in
extension phase

8102 Included in analysis

8060 Had any postintervention
follow-up

628 Not eligible for extension phase
440 Deceased
188 No contact

7878 Eligible to participate in
extension phase

1333 Did not consent to extension
phase participation
814 Refused
106 No response
149 Not approached
264 Missing

6545 Consented to participate in
extension phase

8506 Included in analysis

INTERVENTION PHASE
November 15, 1993 to July 7, 2002

POSTINTERVENTION PHASE
July 8, 2002 to March 31, 2005

EXTENSION PHASE
April 1, 2005 to September 30, 2010

Figure 1. Participant flow diagram of the Women’s Health Initiative randomized trial of continuous combined estrogen plus progestin through extended follow-up. 

Estrogen indicates conjugated equine estrogens, and progestin indicates medroxyprogesterone acetate. The intervention phase ran from November 15, 1993 to July 

7, 2002. The postintervention phase began July 8, 2002, the day after participants were instructed to stop study medication use (conjugated equine estrogens plus 

medroxyprogesterone acetate or placebo), and continued through the original trial completion date (March 31, 2005). The extension phase began on April 1, 2005 and 

includes follow-up for participants who reconsented (83% of those eligible) through September 30, 2010. During this period, 2.8% dropped out.
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characteristics, with the exception that obese women in the pla-
cebo group had slightly lower reconsent rates.

In intent-to-treat analyses, data were available for a median 
follow-up of 5.6 years (interquartile range [IQR] = 4.8–6.5) from ran-
dom assignment until termination of study medicine intervention 
and a median follow-up of 8.2 years (IQR = 6.6–8.2) postintervention 
and 13.2 years (IQR = 10.5–14.2) of cumulative median follow-up.

Over cumulative follow-up, continuous combined estrogen 
plus progestin use decreased endometrial cancer incidence (66 
case patients, 0.06% per year) compared with placebo (95 case 
patients, 0.10% per year, HR = 0.65, 95% CI = 0.48 to 0.89, P = .007) 
(Figure  2). During intervention, fewer endometrial cancers were 
diagnosed in the estrogen plus progestin group, but the differ-
ence was not statistically significant (25 vs 30 case patients, 
HR  =  0.77, 95% CI  =  0.45 to 1.31, P  =  .33). Similar findings were 
apparent through the protocol defined completion date (March 31, 
2005) (HR = 0.73, 95% CI = 0.49 to 1.09). A statistically significant 

difference in endometrial cancer incidence between randomly 
assigned groups emerged postintervention (41 case patients, 0.08% 
per year vs 65 case patients, 0.13% per year, respectively [HR = 0.59, 
95% CI = 0.40 to 0.88, P = .008]), but intervention and postinterven-
tion phase hazard ratios were not different (Pdifference = .46).

To address the potential imbalance of reconsent for obese 
participants between randomly assigned groups, analyses strat-
ified by BMI group had little effect on postintervention incidence 
(HR = 0.59, 95% CI = 0.40 to 0.87, P = .008). Inclusion of three endo-
metrial sarcoma cases (1 spindle cell sarcoma in the placebo 
group and 2 stromal sarcomas in the estrogen plus progestin 
group) yielded a cumulative hazard ratio of 0.67 (95% CI = 0.49 
to 0.91, P = .01), as previously reported (15). Endometrial cancer 
incidence results were somewhat greater in analyses adjusted 
for adherence censoring events that occurred six months after 
consuming less than 80% of study pills or starting non-protocol 
hormone therapy (HR = 0.49, 95% CI = 0.30 to 0.80, P = .004).

Table 1. Baseline characteristics of those that consented to additional follow-up in the estrogen plus progestin trial (n = 12 788)

Characteristic

Estrogen plus progestin
(n = 6545)

Placebo
(n = 6243)

P*No. (%) No. (%)

Age, y
 50–54 846 (12.9) 767 (12.3) .72
 55–59 1420 (21.7) 1361 (21.8)
 60–69 3019 (46.1) 2887 (46.2)
 70–79 1260 (19.3) 1228 (19.7)
Years since menopause
 <5 1071 (18.0) 988 (17.0) .36
 5-<15 2466 (41.5) 2448 (42.2)
 ≥15 2410 (40.5) 2370 (40.8)
Race/ethnicity
 White 5616 (85.8) 5357 (85.8) .97
 Black 406 (6.2) 401 (6.4)
 Hispanic 291 (4.4) 261 (4.2)
 American Indian 16 (0.2) 14 (0.2)
 Asian/Pacific Islander 132 (2.0) 128 (2.1)
 Unknown 84 (1.3) 82 (1.3)
>High school/GED 4932 (75.8) 4646 (74.9) .29
BMI, kg/m2

 <25 1998 (30.7) 1949 (31.4) .16
 25-<30 2278 (35.0) 2215 (35.7)
 30-<35 1396 (21.4) 1250 (20.2)
 35-<40 593 (9.1) 523 (8.4)
 ≥40 251 (3.9) 265 (4.3)
Baseline vasomotor symptoms
 None 3935 (60.6) 3784 (61.2) .59
 Mild 1738 (26.8) 1660 (26.8)
 Moderate or severe 816 (12.6) 741 (12.0)
Smoking status
 Never 3288 (50.7) 3139 (50.9) .94
 Past 2597 (40.0) 2452 (39.8)
 Current 600 (9.3) 577 (9.4)
Treated diabetes (pills or shots) 244 (3.7) 222 (3.6) .60
Hypertensive (self-report or high blood pressure) 2496 (41.4) 2406 (40.6) .34
Episodes/wk of mod/strenuous recreational physical activity ≥20 min
 No activity 1063 (17.9) 985 (16.8) .07
 Some activity 2525 (42.6) 2500 (42.7)
 2 -<4 episodes/wk 972 (16.4) 920 (15.7)
 ≥4 episodes/wk 1363 (23.0) 1454 (24.8)
Unopposed estrogen use ever 682 (10.4) 645 (10.3) .87
Estrogen + progesterone use ever 1215 (18.6) 1131 (18.1) .51

* Chi-squared test of association.
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a differential estrogen plus progestin effect by grade or stage 
(Figure  3). In intent-to-treat analysis over the entire study 
period, there was a statistically nonsignificant reduction in 
deaths from endometrial cancer (5 vs 11 deaths, HR  =  0.42, 
95% CI = 0.15 to 1.22, P  =  .10), but the number of events was 
insufficient for definitive assessment. None of the 11 sub-
group interactions examined were statistically significant (P > 
.20), suggesting a similar influence of estrogen plus progestin 
on endometrial cancer risk generally, including in women in 
the highest BMI categories and in cases with type II histology 
(Figure 4).

There were four endometrial cancers diagnosed in the 331 
women originally randomly assigned to estrogen alone, seven in 
the 573 women randomly assigned to combined hormones, and 
four in the 522 women randomly assigned to placebo during the 
same period. Removing these case patients did not change the 
results (55 vs 91 case patients, HR = 0.59, 95% CI = 0.43 to 0.83, 
P  =  .002), nor did only excluding women originally randomly 
assigned to estrogen alone (62 vs 95 case patients, HR = 0.64, 95% 
CI = 0.47 to 0.88, P = .006).

Overall, there were more hysterectomies in the combined hor-
mone therapy group (510 [0.51% per year] vs 450 [0.48% per year], 

HR = 1.08, 95% CI = 0.95 to 1.23, P = .23), but the difference was not 
statistically significant. In addition, very few (2.2%) were performed 
for atypical hyperplasia (Table 2), and the sensitivity analysis that 
censored women at the time of hysterectomy did not change the 
endometrial cancer results (HR = 0.65, 95% CI = 0.48 to 0.90, P = .008).

The expected strong association between BMI and endome-
trial cancer risk was seen among all participants (HR = 1.0 [refer-
ence], HR = 1.71, 95% CI = 1.99 to 2.93, HR = 3.58, 95% CI = 2.11 to 
6.07, HR = 6.66, 95% CI = 3.82 to 11.61, and HR = 7.40, 95% CI = 3.86 
to 14.16 for BMI <25, 25<30, 30<35, 35<40, and ≥40 kg/m2, respec-
tively) in analyses that added covariates of age (linear) and race/
ethnicity in the core model.

Discussion

Continuous combined estrogen plus progestin use for 5.6 years 
in postmenopausal women with normal endometrial biopsy at 
therapy initiation resulted in a statistically significant reduction 
in endometrial cancer incidence, with the difference becoming 
statistically significant during longer-term postintervention fol-
low-up. Subgroup analyses suggest a favorable effect of estrogen 
plus progestin on endometrial cancer risk generally, including in 
women in the highest BMI groups.
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Figure 2. Kaplan-Meier estimates of cumulative hazards of endometrial cancer in the Women’s Health Initiative randomized trial of continuous combined estrogen 

plus progestin with the intent-to-treat principle. Hazard ratio (estrogen plus progestin vs placebo) with 95% confidence intervals and P values is from Cox regres-

sion models stratified by age and random assignment in the dietary modification trial. Estrogen indicates conjugated equine estrogens, and progesterone indicates 

medroxyprogesterone acetate. All statistical tests were two-sided. CI = confidence interval; HR = hazard ratio.
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This WHI study is the first randomly assigned, double-blind, 
placebo-controlled trial to demonstrate that endometrial can-
cer incidence is statistically significantly lower in women taking 
continuous combined estrogen plus progestin compared with 
placebo. Similar findings were reported from the much smaller, 
randomized Heart and Estrogen/progestin Replacement Study 
(HERS 2), where fewer endometrial cancers were diagnosed in 
the estrogen plus progestin group (2 vs 8 case patients, HR = 0.25, 
95% CI = 0.01 to 1.18, P = .48) (22). The progestin effect in reduc-
ing, rather than just mitigating, the adverse influence of exog-
enous estrogen on endometrial cancer risk suggests additional 
progestin effects on endometrial cancer risk related to endog-
enous estrogen exposure as well.

While case-control studies of continuous combined hor-
mone therapy and endometrial cancer provide somewhat 
mixed results (23,24), the current trial findings support results 
from most cohort studies. Continuous combined hormone 
therapy has been associated with a statistically significantly 
lower endometrial cancer incidence in three (3,25,26) of four 
(27) cohort analyses with a meta-analysis demonstrating an 
overall lower endometrial cancer risk (6), often with great-
est affect among obese women (3,26,27). In the current trial, 
while no interaction between BMI and combined hormone 
therapy was seen, risk estimates were somewhat suggestive 
of a larger effect in obese women. One difference from such 
observational study findings was the identification of several 
years’ lag preceding separation of the incidence rates between 
randomly assigned groups in the WHI trial, likely the result of 

the entry requirement for normal endometrial histology, pre-
cluding entry of women with existing proliferative endometrial 
epithelium.

Consideration of the progestin dose, schedule, and dura-
tion can explain most study differences. Sequential regi-
mens with fewer days of progestin exposure are less effective 
in reducing endometrial cancer risk. In a meta-analysis of 
cohort studies (6), estrogen plus sequential progestin use for 
fewer than 10  days per month was associated with higher 
endometrial cancer risk (odds ratio [OR] = 1.32, 95% CI = 1.06 
to 1.65), while progestin sequential use for 10 to 14 days per 
month was neutral for risk (OR = 1.05, 95% CI = 0.84 to 1.30). 
In addition, while estrogen regimens that include micro-
nized progesterone have been less strongly associated with 
breast cancer risk in some studies (28,29), they also appear 
to provide limited or no protection against endometrial can-
cer (HR = 2.42 95% CI = 1.53 to 3.83) (25,30) despite mitigating 
short term, estrogen-associated endometrial proliferation (4). 
These findings suggest that short-term endometrial prolifera-
tion change may not be a reliable surrogate for endometrial 
cancer risk. In the current study, histologic findings did not 
differ between randomly assigned groups in the 5% subgroup 
having protocol determined repeat endometrial biopsies at 
year 3 (13).

The current endometrial cancer findings highlight the 
completely different influences estrogen plus progestin and 
estrogen alone have on endometrial cancer and breast can-
cer (31,32). In the WHI randomly assigned trial, estrogen plus 

Type of endometrial cancer
  Endometrial cancer

  Tumor stage
         Local
         Regional/distant

  Tumor grade
         Well differentiated
         Moderately differentiated
         Poorly differentiated/anaplastic

  Tumor size, cm
         <2
         2−<3
         3−<4
         >=4

  Histology
         Type I
         Type II
         Other

  Endometrial cancer death

Estrogen +
progestin

No. (%)
66 (0.064)

54 (0.053)
12 (0.012)

18 (0.018)
24 (0.023)
21 (0.020)

12 (0.012)
10 (0.010)
8 (0.008)
8 (0.008)

54 (0.053)
3 (0.003)
9 (0.009)

5 (0.005)

Placebo
No. (%)

95 (0.098)

68 (0.070)
27 (0.028)

18 (0.019)
37 (0.038)
39 (0.040)

12 (0.012)
12 (0.012)
11 (0.011)
20 (0.021)

78 (0.080)
4 (0.004)

13 (0.013)

11 (0.011)

HR (95% CI)
0.65 (0.48 to 0.89)

0.74 (0.52 to 1.06)
0.43 (0.22 to 0.84)

0.91 (0.47 to 1.75)
0.62 (0.37 to 1.04)
0.51 (0.30 to 0.86)

0.94 (0.42 to 2.10)
0.78 (0.33 to 1.80)
0.65 (0.26 to 1.63)
0.38 (0.17 to 0.86)

0.65 (0.46 to 0.92)
0.71 (0.16 to 3.16)
0.66 (0.28 to 1.55)

0.42 (0.15 to 1.22)

P−value
.007

.15

.18

.11

.99

.10

0.33 0.50 0.67 1.00 1.50 2.00 3.00

HR (estrogen + progestin vs placebo)

Favors estrogen + progestin Favors placebo

Figure 3. Cumulative number of events (annual percentages) and hazard ratios (95% confidence intervals) for incidence of endometrial cancer, tumor types, and deaths 

from endometrial cancer in the Women’s Health Initiative randomized trial of continuous combined estrogen plus progestin by random assignment. Tumor size was 

estimated in accordance with the Surveillance, Epidemiology, and End Results 1988, 2nd edition rules for coding cancers with size measured as the length along the 

longest axis. Tumors were classified as type I or type II by methods previously described by Setiawan in the Endometrial Cancer Consortium (12). Briefly, endometrioid 

carcinoma, adenocarcinoma NOS, and adenocarcinoma with squamous differentiation were classified as type I, serous/papillary serous and mixed cell adenocarci-

noma as type II, and remaining tumors classified as other. Hazard ratios, 95% confidence intervals, and P values are from Cox proportional hazards models stratified 

according to age and random assignment in the dietary modification trial. Dotted line represents overall hazard ratio for endometrial cancer incidence attributed to 

estrogen plus progestin. P value corresponds to a score x2 test from a competing risks analysis that tested whether hazard ratios differed between tumor types. Estrogen 

indicates conjugated equine estrogens, and progesterone indicates medroxyprogesterone acetate. Number of events may not add up because of missing endometrial 

cancer type. All statistical tests were two-sided. CI = confidence interval; HR = hazard ratio.
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progestin statistically significantly increased breast cancer 
incidence (18,21) and, in the current report, reduced endo-
metrial cancer incidence. In contrast, in the separate WHI 
randomized trial in women with prior hysterectomy, estro-
gen alone statistically significantly reduced breast cancer 
incidence (29,30). Further, in observational studies, estrogen 
alone use is associated with statistically significantly higher 
endometrial cancer risk (3,25).

As previously described (13,33), participation in the com-
bined hormone therapy compared with the placebo group was 

associated with more frequent endometrial bleeding (13,33) and 
more total endometrial biopsies (33% vs 6%, P < .001) (13) during 
active intervention. Despite this more active surveillance, fewer 
endometrial cancers were diagnosed in the estrogen plus pro-
gestin group. In addition, cumulative hysterectomy rates were 
not statistically significantly higher in the combined hormone 
therapy group, hysterectomies were rarely performed for pro-
liferative histologies (in only 2.2%), and the sensitivity analysis 
adjusting for hysterectomy did not change the endometrial can-
cer results. Thus, the hysterectomy findings cannot explain the 

Subgroup
  main effect

  Age, y
         50−54
         55−59
         60−69
         70−79

  Time since menopause(yrs)
         <5
         5−<15
         >=15

  Race/ethnicity
         White
         Black

BMI, kg/m2

         Normal (<25)
         Overweight (25−<30)
         Obese I (30−<35)
         Obese II (35−<40)
         Obese III (>=40)

  Vasomotor symptoms
         None
         Mild
         Moderate/severe

  Current smoker
         No
         Yes

  Diabetes
         No
         Yes

  Hypertension
         No
         Yes

  Physical activity
         No activity
         Some activity
         2−<4 episodes/wk
         >= 4 episodes/wk

  Prior unopposed estrogen use
         No
         Yes

  Prior estrogen + progestin use
         No
         Yes

Estrogen +
progestin

No. (%)
66 (0.06)

7 (0.05)
15 (0.07)
31 (0.07)
13 (0.06)

12 (0.07)
21 (0.06)
21 (0.06)

60 (0.07)
3 (0.05)

9 (0.03)
18 (0.05)
22 (0.10)
11 (0.12)

6 (0.16)

41 (0.07)
14 (0.05)
11 (0.08)

58 (0.06)
7 (0.07)

62 (0.06)
3 (0.07)

25 (0.05)
32 (0.08)

12 (0.07)
24 (0.06)

9 (0.06)
11 (0.05)

55 (0.06)
11 (0.10)

57 (0.07)
9 (0.05)

Placebo
No. (%)

95 (0.10)

11 (0.09)
20 (0.09)
43 (0.10)
21 (0.11)

18 (0.12)
36 (0.10)
38 (0.10)

78 (0.09)
9 (0.14)

11 (0.04)
21 (0.06)
25 (0.13)
25 (0.30)
12 (0.29)

62 (0.11)
21 (0.08)
12 (0.10)

89 (0.10)
5 (0.05)

87 (0.09)
8 (0.21)

47 (0.09)
43 (0.11)

24 (0.16)
36 (0.09)
9 (0.06)
21 (0.10)

79 (0.09)
16 (0.16)

82 (0.10)
13 (0.08)

HR (95% CI)
0.65 (0.48 to 0.89)

0.57 (0.22 to 1.48)
0.69 (0.35 to 1.35)
0.68 (0.43 to 1.08)
0.60 (0.30 to 1.19)

0.62 (0.30 to 1.29)
0.57 (0.33 to 0.97)
0.55 (0.32 to 0.93)

0.72 (0.51 to 1.01)
0.34 (0.09 to 1.26)

0.76 (0.31 to 1.84)
0.81 (0.43 to 1.53)
0.77 (0.44 to 1.37)
0.40 (0.20 to 0.81)
0.57 (0.21 to 1.53)

0.62 (0.41 to 0.91)
0.68 (0.34 to 1.33)
0.82 (0.36 to 1.87)

0.61 (0.44 to 0.85)
1.32 (0.42 to 4.16)

0.67 (0.48 to 0.93)
0.35 (0.09 to 1.31)

0.52 (0.32 to 0.84)
0.72 (0.46 to 1.14)

0.47 (0.23 to 0.94)
0.66 (0.40 to 1.11)
0.93 (0.37 to 2.35)
0.51 (0.25 to 1.07)

0.65 (0.46 to 0.92)
0.63 (0.29 to 1.37)

0.66 (0.47 to 0.92)
0.64 (0.27 to 1.51)

P−value
.007

.99

.79

.27

.23

.53

.20

.34

.33

.80

.95

.97

0.33 0.50 0.67 1.00 1.50 2.00 3.00

HR (estrogen + progestin vs placebo)

Favors estrogen + progestin Favors placebo

Figure 4. Cumulative number of events (annualized percentages) and hazard ratios (HRs [95% confidence intervals] for endometrial cancer incidence) in the Women’s 

Health Initiative randomized trial of continuous combined estrogen plus progestin by baseline characteristics and random assignment. Hazard ratios, 95% confidence 

intervals, and P values are from Cox proportional hazards models stratified according to age and random assignment in the dietary modification trial. Dotted line repre-

sents overall hazard ratio for endometrial cancer incidence attributed to estrogen plus progestin. P value is from a one degree-of-freedom score x2 test of the interaction 

between the given subgroup and random assignment. Estrogen indicates conjugated equine estrogens, and progestin indicates medroxyprogesterone acetate. Number 

of events may not add up because of missing baseline data. All statistical tests were two-sided. BMI = body mass index; CI = confidence interval; HR = hazard ratio.
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lower endometrial cancer incidence in the combined estrogen 
plus progestin groups.

This trial assessed one hormone regimen; consequently, 
the results cannot be extrapolated to other hormone regimens. 
Whether regimens incorporating lower progestin dosage have 
similar endometrial cancer influence is unknown. While pro-
found differences in pharmacology and in molecular actions 
between various progestins are described (34), clear differences 
in the clinic for endometrial cancer risk have only emerged for 
micronized progesterone use (25).

After the initial WHI report in 2002 (16), combined hormone 
therapy use rapidly decreased in the United States (35), fol-
lowed by an endometrial cancer increase, recently attributed 
to the hormone therapy decrease (36). However, rising obesity 
rates during the same period also could be a factor. Previously, 
a decrease in breast cancer incidence during the same period 
was also attributed to the hormone therapy decrease (37,38,39), 
a suggestion supported by the preponderance of subsequent 
reports (39,40,41). While the directions of changes are opposite, 
the magnitude of the relative influence on endometrial cancer 
and breast cancer incidence attributed to the hormone therapy 
decrease are similar. Consequently, because breast cancers 
are five times more common than endometrial cancers, a net 
absolute decrease in cancer incidence likely occurred after the 
2002 WHI report (16), considering both endometrial and breast 
cancer.

A recent publication has updated the WHI hormone ther-
apy trial findings (15), which concluded that the estrogen plus 
progestin effect in decreasing endometrial cancers does not 
substantially alter the risk and benefit balance of continu-
ous combined hormone therapy use or the recommendation 
against its use for chronic disease reduction in postmenopausal 
women (15).

It is unclear why estrogen and progestin have different influ-
ences on epithelial proliferation in the endometrium and the 
breast. Classically, estrogen drives endometrial epithelial prolif-
eration and progesterone inhibits proliferation and causes cell 
differentiation (42,43,44). While estrogen also usually stimulates 
breast epithelium (45) and inhibits apoptosis (46), preclinical 
findings indicate that, after estrogen deprivation, estrogen can 
act as an apoptosis inducer (47,48). In contrast to endometrial 
findings, progestins stimulate mammary epithelial proliferation 
(49) and stem cell expansion (50). While differential stromal tis-
sue effects (with substantially more stromal tissue found in the 
endometrium than in the breast) have been proposed as poten-
tial mediator of these differences (51), full discussion of these 
complex processes is beyond the present report scope.

As progestins can decrease endometrial epithelial prolif-
eration (52), progestin use has been proposed as a potential 

chemoprevention strategy (53). In this regard, the substantial 
reduction in endometrial cancers seen with estrogen plus pro-
gestin in the current trial in those with high BMIs who are at 
increased endometrial cancer risk (54,55) may be of relevance. 
However, more information regarding the overall risks and ben-
efits of progestin alone use is needed before the prevention 
question is pursued.

Study strengths include the randomly assigned, double-
blind, placebo-controlled design with endometrial cancer as a 
prospectively identified outcome, the large sample size, endo-
metrial biopsy screening to exclude pre-existing endometrial 
pathology, long postintervention follow-up, the extremely low 
rate of postintervention hormone therapy use (56), and high-
quality outcome assessment. Limitations include the modest 
number of endometrial cancers observed and absence of can-
cer treatment information. Finally, as high-risk women based 
on endometrial biopsy findings were excluded from trial entry, 
results in a general population could differ.

In summary, in postmenopausal women, continuous com-
bined estrogen plus progestin use reduces endometrial cancer 
incidence by 35%. The favorable effects were not limited to any 
particular histologic subtype and were seen generally, including 
in women in the highest BMI categories.
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