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THE WOMEN’S HEALTH INITIA-
tive (WHI) randomized trial
evaluating estrogen plus pro-
gestin compared with placebo

in postmenopausal women was stop-
ped after a mean of 5.6 (SD, 1.3) years
when health risks exceeded benefits
for combined hormone therapy,1

including an increased risk of invasive
breast cancers1,2 and delayed breast
cancer diagnoses resulting in more
advanced-stage cancers.2,3 Assessment
of breast cancer outcomes after a mean
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Context In the Women’s Health Initiative randomized, placebo-controlled trial of es-
trogen plus progestin, after a mean intervention time of 5.6 (SD, 1.3) years (range,
3.7-8.6 years) and a mean follow-up of 7.9 (SD, 1.4) years, breast cancer incidence
was increased among women who received combined hormone therapy. Breast can-
cer mortality among participants in the trial has not been previously reported.

Objective To determine the effects of therapy with estrogen plus progestin on cu-
mulative breast cancer incidence and mortality after a total mean follow-up of 11.0
(SD, 2.7) years, through August 14, 2009.

Design, Setting, and Participants A total of 16 608 postmenopausal women aged
50 to 79 years with no prior hysterectomy from 40 US clinical centers were randomly
assigned to receive combined conjugated equine estrogens, 0.625 mg/d, plus me-
droxyprogesterone acetate, 2.5 mg/d, or placebo pill. After the original trial comple-
tion date (March 31, 2005), reconsent was required for continued follow-up for breast
cancer incidence and was obtained from 12 788 (83%) of the surviving participants.

Main Outcome Measures Invasive breast cancer incidence and breast cancer
mortality.

Results In intention-to-treat analyses including all randomized participants and censor-
ing those not consenting to additional follow-up on March 31, 2005, estrogen plus pro-
gestinwasassociatedwithmore invasivebreast cancers comparedwithplacebo (385cases
[0.42% per year] vs 293 cases [0.34% per year]; hazard ratio [HR], 1.25; 95% confidence
interval [CI],1.07-1.46;P=.004).Breast cancers in theestrogen-plus-progestingroupwere
similar in histology and grade to breast cancers in the placebo group but were more likely
tobenode-positive (81 [23.7%]vs43[16.2%], respectively;HR,1.78;95%CI,1.23-2.58;
P=.03). There were more deaths directly attributed to breast cancer (25 deaths [0.03%
per year] vs 12 deaths [0.01% per year]; HR, 1.96; 95% CI, 1.00-4.04; P=.049) as well as
more deaths from all causes occurring after a breast cancer diagnosis (51 deaths [0.05%
per year] vs 31 deaths [0.03% per year]; HR, 1.57; 95% CI, 1.01-2.48; P=.045) among
womenwhoreceivedestrogenplusprogestincomparedwithwomen in theplacebogroup.

Conclusions Estrogen plus progestin was associated with greater breast cancer in-
cidence, and the cancers are more commonly node-positive. Breast cancer mortality
also appears to be increased with combined use of estrogen plus progestin.

Trial Registration clinicaltrials.gov Identifier: NCT00000611
JAMA. 2010;304(15):1684-1692 www.jama.com
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follow-up of 7.9 (SD, 1.4) years
revealed that the increased risk of
breast cancer associated with com-
bined hormone therapy declined soon
after discontinuation of hormones.4

Nonetheless, questions of clinical rel-
evance remain, including the cumula-
tive, long-term effect of estrogen plus
progestin on breast cancer incidence
and whether breast cancer mortality
is increased by combined hormone
therapy use.

Most5-7 but not all8,9 observational
studies have suggested that breast can-
cers associated with combined post-
menopausal hormone therapy have
favorable characteristics,5-7 less ad-
vanced stage,5,10 and less mortality
risk.7,10,11 Because the influence of es-
trogen plus progestin on breast cancer
mortality has not been addressed in a
randomized trial setting, we report up-
dated information on breast cancer in-
cidence and, for the first time, infor-
mation on breast cancer mortality
related to combined hormone therapy
use in the WHI trial.

METHODS

The WHI trial of estrogen plus
progestin has been previously de-
scribed1,12,13 and used a study design
approved by the institutional review
boards at the participating clinical
centers.12,14 Briefly, women were eli-
gible if they were aged 50 to 79 years,
were postmenopausal, and provided
written informed consent. Excluded
were women with prior hysterectomy,
prior breast cancer, or conditions pre-
cluding 3-year survival. Women using
postmenopausal hormones were eli-
gible after a 3-month washout period.
Baseline mammograms and clinical
breast examinations with results not
suggestive of cancer were required.
Information on demographic charac-
teristics, medical history, lifestyle, and
breast cancer risk factors were col-
lected with standardized self-report
instruments. Medication use was
assessed by interviewer-administered
questionnaire. Time since menopause
was defined as the interval from onset
of menopause to first hormone

therapy or placebo use.15 Adherence
to study medication was assessed by
dispensing history and serial pill
counts by weighing returned pills.

Participants were randomized to
receive conjugated equine estrogens,
0.625 mg/d, and medroxyprogesterone
acetate, 2.5 mg/d, in a single tablet
(Prempro; Wyeth Ayerst, Collegeville,
Pennsylvania) or an identical-appearing
placebo pill. Randomization by per-
muted-block algorithm, stratified by
clinical center and age group,14 was de-
termined at the WHI Clinical Coordi-
nating Center and implemented at lo-
cal clinical centers using a bar-code
dispensing procedure for staff and par-
ticipant blinding. Participants were
contacted at 6-month intervals to col-
lect clinical outcome information and
attended annual clinic visits. Yearly
mammograms and clinical breast ex-
aminations were required during the
intervention phase, and study drugs
were withheld until completion and
clearance of abnormal findings. After the
active intervention ended, annual mam-
mograms and breast examinations were
encouraged and information on their fre-
quency was collected annually.

The total study population in-
cluded 16 608 women with initial
randomization beginning on Novem-
ber 15, 1993. The study intervention
phase ended on July 7, 2002, after
net harm for combined hormone
therapy use was identified1 and par-
ticipants were instructed to stop
taking their assigned study medica-
tion. In the postintervention phase
beginning on July 8, 2002, clinical
visits and follow-up continued per
protocol through March 31, 2005,
the original trial completion date. In
the study extension phase beginning
April 1, 2005, through August 14,
2009, subsequent follow-up for addi-
tional breast cancer incidence results
required reconsent (which was ob-
tained from 12 788 [83%] of 15 408
surviving participants).

Breast cancers were verified by
centrally trained, locally based physi-
cian adjudicators after medical rec-
ord and pathology report review.16

Final adjudication and coding of
histology, hormone receptor status
(positive or negative), and ERBB2
(HER2) status (overexpression or
not) based on pathology report
review was performed at the WHI
Clinical Coordinating Center using
the Surveillance, Epidemiology, and
End Results coding system.17 Attribu-
tion of cause of death was based on
medical record review by physician
adjudicators, blinded to randomiza-
tion allocation at the local clinical
centers, with central final adjudica-
tion.16 The National Death Index was
cross-checked with all clinical trial
participants at 2- to 3-year intervals.

Prior reports of breast cancer cases
include 349 cases identified during the
intervention phase with mean fol-
low-up of 5.6 (SD, 1.3) years (median,
5.6 years; range, 4.6-8.6 years)2 and 488
cases identified through the original
trial completion date with mean fol-
low-up of 7.9 (SD, 1.4) years.4 The cur-
rent report, based on a preplanned
analysis of breast cancer incidence and
associated mortality, includes 678 cases
identified through August 14, 2009,
with a mean follow-up of 11.0 (SD, 2.7)
years.

For the WHI estrogen and proges-
tin clinical trial, a target sample size of
15 125 participants was calculated pri-
marily based on coronary heart dis-
ease considerations. As a result, power
to detect a 15% increase in breast can-
cer was 55% after 9 years and 87% af-
ter 14 years of follow-up.12

Comparisons of breast cancer char-
acteristics were based on Fisher exact
tests and t tests. Age at menopause was
defined as previously described,15

largely by age at last menstrual bleed-
ing, bilateral oophorectomy date, or
date postmenopausal hormone therapy
was initiated.

Results for invasive breast cancer in-
cidence and deaths from breast cancer
were assessed with time-to-event meth-
ods based on the intention-to-treat prin-
ciple. Analyses included all 16 608 ran-
domized participants. Annualized
percentages were calculated by divid-
ing the total number of events by total
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follow-up time in years. Hazard ratios
(HRs) were estimated from Cox regres-
sion models stratified by baseline 5-year
age groups and randomization status in
the WHI dietary modification trial. No
distinction was made between the in-
tervention phase and the postinterven-
tion phase. In both phases, the breast
cancer risk for use of estrogen plus pro-
gestin was greater than 1 and was ap-
proximately equal. The summary (Cox
model) HRs represent the mean over
the entire study period. In addition, the
null hypothesis tests for breast cancer
incidence and mortality do not as-
sume proportionality. Event times were
defined relative to the date of random-

ization, with censoring defined by end
of follow-up, loss to follow-up, or death
from causes other than breast cancer.
Kaplan-Meier curves describe cumula-
tive breast cancer hazard ratios over
time. Competing risk curves were also
computed and were nearly identical to
the Kaplan-Meier estimates.

For breast cancer incidence analy-
ses, women who did not consent to ac-
tive follow-up after March 31, 2005,
were censored as of that date. The origi-
nal consent permitted continued fol-
low-up for vital status. Analyses for
deaths due to breast cancer among
women who did not reconsent were
censored on December 31, 2005, early

in the reconsent period, because mor-
tality data in this group may be incom-
plete at more recent times. Additional
mortality analyses censored women not
reconsenting on March 31, 2005.

To examine the potential effect of
censoring women who did not recon-
sent to follow-up after March 31, 2005,
several secondary analyses were per-
formed, including comparison of re-
consent rates by baseline characteris-
tics and randomization assignment and
adjusted HR analyses using both in-
verse probability weighting and mul-
tiple imputation. The inverse probabil-
ity weighting analyses developed a
logistic regression model for reconsent-
ing using baseline factors and random-
ization assignment. For the multiple im-
putation method, invasive breast cancer
events or censoring times were imputed
for the 2620 eligible participants who
did not reconsent (1333 in the inter-
vention and 1287 in the placebo
groups) beginning on March 31, 2005.
Cox regression models were then fit for
each of 25 imputed data sets and the
resulting regression parameter esti-
mates were averaged. Adherence sen-
sitivity analyses for breast cancer mor-
tality were conducted by censoring
follow-up 6 months after a participant
became nonadherent (defined as using
�80% of study pills or starting non-
protocol hormone therapy). Six sub-
groups of clinical interest were identi-
fied post hoc and examined for breast
cancer HR variation. Less than 1 sub-
group would be expected to be posi-
tive by chance alone.

All analyses were conducted using
SAS software, version 9.1 (SAS Insti-
tute Inc, Cary, North Carolina). All sta-
tistical tests were 2-sided and P�.05
was considered statistically signifi-
cant.

RESULTS
The flow of participants through the
study is outlined in FIGURE 1. Base-
line characteristics for the initially ran-
domized 16 608 participants have been
previously published (eTable 1; avail-
able at http://www.jama.com).1,2 Par-
ticipant characteristics in the 2 ran-

Figure 1. Flow of Study Participants

16 608 Randomized

8506 Assigned to receive conjugated 
equine estrogens plus 
medroxyprogesterone acetate

8102 Assigned to receive placebo

373 092 Women initiated screening

18 845 Provided consent and 
reported no hysterectomy

7682 Had any postintervention
follow-up

7530 Eligible to participate in
extension phase

8056 Had any postintervention
follow-up

INTERVENTION PHASE
November 15, 1993, to July 7, 2002

POSTINTERVENTION PHASE
July 8, 2002, to March 31, 2005

EXTENSION PHASE
April 1, 2005, to August 14, 2009

7878 Eligible to participate in
extension phase

6545 Consented to participate in
extension phase

8506 Included in analysis

6243 Consented to participate in 
extension phase

8102 Included in analysis

1333 Did not consent
to extension phase
participation
814
106
149
264

Refused
No response
Not approached
Missing

1287 Did not consent
to extension phase
participation
832
108
106
241

Refused
No response
Not approached
Missing

572 Not eligible for extension phase
385
187

Deceased
No contact

628 Not eligible for extension phase
440
188

Deceased
No contact

The intervention phase ran from November 15, 1993, to July 7, 2002. The postintervention phase began on
July 8, 2002, the day after participants were instructed to stop study medication use (conjugated equine es-
trogens 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 August 14, 2009.
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domization groups were closely
comparable in both the initial and re-
consenting populations (eTable 2 and
eTable 3). Those reconsenting were
slightly younger and more likely to be
white compared with those not recon-
senting. During the active interven-
tion, study drugs were stopped at some
time by 42% in the combined hor-
mone group and 38% in the placebo
group.1

Mammography frequency was com-
parable in the 2 randomization groups
during the original trial period through
March 31, 2005 (annualized percent-
age, 80% for hormone vs 80% for pla-
cebo). In the reconsenting population
of 15 408 women in the extension
phase, the percentages of women with
1 or more mammograms were also
comparable in the 2 groups (86% for
hormone vs 86% placebo).

Mean follow-up in the intervention
plus postintervention periods was 11.0
(SD, 2.7) years, with a range of 0.1 to
15.3 years, representing a total of
170 166 person-years of follow-up.

In intention-to-treat analysis, estro-
gen plus progestin compared with pla-
cebo increased the incidence of inva-
sive breast cancer (385 cases [0.42% per
year] vs 293 cases [0.34% per year], re-
spectively; HR, 1.25; 95% confidence
interval [CI], 1.07-1.46; P = .004).
FIGURE 2 also shows quintiles of dura-
tion of study intervention based on time
of participant entry into study and ces-
sation of study intervention.

A significantly larger fraction of breast
cancers presented with positive lymph
nodes in the combined hormone therapy
group compared with the placebo group
(81 [23.7%] vs 43 [16.2%], respectively;
HR, 1.78; 95% CI, 1.23-2.58; P=.03).
There was no evidence of a differential
effect of combined hormone therapy on
receptor-positive vs receptor-negative tu-
mors. Somewhat more tumors overex-
pressed ERBB2 (HER2) and were triple-
negative in the hormone therapy group
compared with the placebo group
(TABLE). However, because determina-
tion of ERBB2 (HER2) status was not
routinely obtained in community medi-
cal practices until 1998, it was not un-

Figure 2. Incidence of Invasive Breast Cancer in the WHI Clinical Trial

Estrogen plus progestin
Placebo

9 10 11 12

0.05

0.04

0.06

0.03

0.02

0.01

0 87654321
Time Since Randomization, y

C
um

ul
at

iv
e 

H
az

ar
d

8506

8102

8329

7914

8109

7721

7796

7466

7009

6692

6189

5889

2914

2648

No. at risk
Estrogen plus 

progestin
Placebo

HR, 1.25 (95% CI, 1.07-1.46)
P = .004

Intention-to-treat Kaplan-Meier cumulative hazard curves for incidence of invasive breast cancer by study group
and time since randomization. The hazard ratio (HR), 95% confidence interval (CI), and P value are from Cox
regression models, stratified by 5-year age intervals and randomization assignment in the Women’s Health
Initiative (WHI) dietary modification trial. All women stopped the intervention by 8.6 years. Quintiles of du-
ration of follow-up are indicated by the dotted lines.

Table. Characteristics of Invasive Breast Cancers by Study Group

Characteristics

No. (%) of Invasive Breast Cancersa

P
Valueb

Estrogen Plus Progestin
(n = 385)

Placebo
(n = 293)

Tumor size
No tumor found/no primary mass 1 (0.3) 2 (0.7)
Microscopic focus or foci, cm 9 (2.5) 15 (5.5)

�0.5 38 (10.5) 27 (9.9)
�0.5 to 1 92 (25.3) 84 (30.7)

.34
�1 to 2 146 (40.2) 98 (35.8)
�2 77 (21.2) 48 (17.5)

Mean (SD) size, cm 1.7 (1.3) 1.5 (1.1) .11
Lymph nodes examined

No 39 (10.3) 28 (9.6)
.80

Yesc 341 (89.7) 263 (90.4)
No. of positive lymph nodes

0 258 (76.3) 218 (83.8)
1-3 60 (17.8) 34 (13.1) .06
�3 20 (5.9) 8 (3.1)

Positive lymph nodes
No 258 (76.1) 218 (83.5)

.03
Yesd 81 (23.9) 43 (16.5)

SEER stage
Localized 288 (75.2) 238 (81.2)
Regional 86 (22.5) 46 (15.7) .05
Distant 5 (1.3) 7 (2.4)

Regional/distant
No 288 (76.0) 238 (81.8)

.07
Yes 91 (24.0) 53 (18.2)

Unknown 4 (1.0) 2 (0.7)
Histology

Ductal 238 (62.1) 195 (66.6)
Lobular 36 (9.4) 20 (6.8)
Ductal and lobular 57 (14.9) 35 (11.9)

.41

Tubular 13 (3.4) 9 (3.1)
Other 39 (10.2) 34 (11.6)

(continued)

ESTROGEN PLUS PROGESTIN AND BREAST CANCER INCIDENCE AND MORTALITY

©2010 American Medical Association. All rights reserved. (Reprinted) JAMA, October 20, 2010—Vol 304, No. 15 1687

 at Wright State University on October 31, 2010 www.jama.comDownloaded from 

http://jama.ama-assn.org


common for information on ERBB2
(HER2) status to be missing.

In subgroup analyses, no signifi-
cant interactions were observed among
combined hormone therapy use and
breast cancer incidence with age,
body mass index, and Gail risk score
(FIGURE 3). For women entering the
study with no prior use of estrogen plus
progestin, the HR for breast cancer in-
cidence was 1.16 (95% CI, 0.98-1.37)
compared with an HR of 1.85 (95% CI,
1.25-2.80) for women with prior com-
bined hormone therapy use (P=.03 for
interaction). The HR for breast cancer
incidence among women with 1 year or
less of prior combined hormone therapy
use was 2.16 (95% CI, 1.15-4.24)
(Figure 3). Women who first used hor-
mone therapy closer to menopause (�5
years) were at somewhat greater risk of
developing breast cancer in the com-

bined hormone therapy group, but the
interaction term was not significant
(P=.08).

More women died of breast cancer in
the combined hormone therapy group
compared with the placebo group (25
deaths [0.03% per year] vs 12 deaths
[0.01% per year]; HR, 1.96; 95% CI,
1.00-4.04; P=.049) (FIGURE 4A), rep-
resenting 2.6 vs 1.3 deaths per 10 000
women per year, respectively. Censor-
ing of follow-up time on March 31,
2005, for women not reconsenting did
not alter the results for death due to
breast cancer (HR, 1.96; 95% CI, 1.01-
4.05; P=.048). Consideration of all-
cause mortality after breast cancer di-
agnosis provided similar results; among
women in the combined hormone
therapy group, there were 51 deaths
[0.05% per year] compared with 31
deaths [0.03% per year] among women

in the placebo group; HR, 1.57; 95% CI,
1.01-2.48; P=.045) (Figure 4B), rep-
resenting 5.3 vs 3.4 deaths per 10 000
women per year, respectively.

Sensitivity analyses also suggested an
adverse effect of combined hormone
therapy compared with placebo on
breast cancer mortality when fol-
low-up time for each woman was cen-
sored at nonadherence (14 vs 5 deaths,
respectively; HR, 2.96; 95% CI, 1.00-
8.77; P = .053). Inverse probability
weighting and multiple imputation
analyses to address potential imbal-
ance associated with reconsent sup-
ported the primary analyses, suggest-
ing an increase in deaths due to breast
cancer with estrogen plus progestin (in-
verse probability weighting summary
HR, 2.22; 95% CI, 1.07-4.59; multiple
imputation summary HR, 2.12; 95% CI,
1.02-4.40).

COMMENT
In the WHI randomized, placebo-
controlled trial, conjugated equine es-
trogen plus medroxyprogesterone ac-
etate increased invasive breast cancer
incidence, and the cancers were more
commonly node-positive. There were
more deaths attributed to breast can-
cer (2.6 vs 1.3 per 10 000 women per
year) and more deaths due to all causes
following a diagnosis of breast cancer
(5.3 vs 3.4 per 10 000 women per year)
in the combined hormone therapy
group vs the placebo group.

With some exceptions,8,9 the pre-
ponderance of observational studies
have associated combined hormone
therapy use with an increase in breast
cancers that have favorable character-
istics,7 lower stage,5,10 and longer sur-
vival compared with breast cancers di-
agnosed in nonusers of hormone
therapy.7,10 However, in the WHI ran-
domized trial, combined hormone
therapy increased breast cancer risk and
interfered with breast cancer detec-
tion, leading to cancers being diag-
nosed at more advanced stages.2,3 Now,
with longer follow-up results avail-
able, there remains a cumulative, sta-
tistically significant increase in breast
cancers in the combined hormone

Table. Characteristics of Invasive Breast Cancers by Study Group (continued)

Characteristics

No. (%) of Invasive Breast Cancersa

P
Valueb

Estrogen Plus Progestin
(n = 385)

Placebo
(n = 293)

Grade
Well differentiated 100 (26.1) 67 (22.9)
Moderately differentiated 140 (36.6) 116 (39.6) .51
Poorly differentiated/anaplastic 92 (24.0) 77 (26.3)
Unknown 51 (13.3) 33 (11.3)

Estrogen receptor status
Positive 308 (80.0) 230 (78.5)
Negative 48 (12.5) 33 (11.3)

.81

Borderline 0 (0.0) 1 (0.3)
Unknown/not evaluated/missing data 29 (7.5) 29 (9.9)

Progesterone receptor status
Positive 262 (68.1) 194 (66.2)
Negative 86 (22.3) 62 (21.2)

.92

Borderline 5 (1.3) 3 (1.0)
Unknown/not evaluated/missing data 32 (8.3) 34 (11.6)

ERBB2 (HER2) overexpression
Yes 54 (14.0) 26 (8.9)
No 233 (60.5) 161 (54.9)

.17

Borderline 3 (0.8) 1 (0.3)
Unknown/not evaluated/missing data 95 (24.7) 105 (35.8)

Triple-negative tumor status
Estrogen receptor/progesterone

receptor/ERBB2 (HER2)
triple-negative

26 (6.8) 14 (4.8)
.61

Other, including borderline 259 (67.3) 173 (59.0)
Unknown/missing all or some data 100 (26.0) 106 (36.2)

Abbreviation: SEER, Surveillance, Epidemiology, and End Results program.
aData are presented as No. (%) of invasive breast cancers unless otherwise indicated.
bP values are based on Fisher exact test of association.
cTen instances (5 estrogen plus progestin and 5 placebo) occurred in which lymph nodes were examined but number

examined was not specified.
dTwo instances (1 estrogen plus progestin and 1 placebo) occurred in which positive nodes were determined but number

of positive nodes were not specified.
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therapy group, and the cancers more
commonly had lymph node involve-
ment. The observed adverse influence
on breast cancer mortality of com-
bined hormone therapy can reason-
ably be explained by the influence on
breast cancer incidence and stage.

The discrepancy between the cur-
rent randomized clinical trial findings
and observational studies with respect
to breast cancer mortality likely are re-
lated to potential confounding in ob-
servational analyses. Observational
studies that begin analyses at breast can-
cer diagnosis and adjust for stage7,18 po-
tentially adjust away unfavorable con-
sequences of estrogen-plus-progestin
use. Postmenopausal hormone therapy
users have mammograms at more regu-
lar intervals than nonusers,19,20 likely
because of breast cancer concerns. Stud-

ies that are unable to control for mam-
mography can be confounded by dif-
ferences between screening-detected
and non–screening-detected breast can-
cers. Screening more commonly iden-
tifies slow-growing, favorable-grade,
hormone receptor–positive breast can-
cers, and diagnosis is made at an ear-
lier stage.21-23 Our findings are consis-
tent with the observational Million
Women Study, in which all women had
mammograms and breast cancer mor-
tality analyses began at cohort entry
rather than at the time of breast can-
cer diagnosis. In the Million Women
Study, combined hormone therapy use
was associated with higher breast can-
cer mortality (HR, 1.22; 95% CI, 1.00-
1.48; P=.05).10

Following the initial report of re-
sults from the WHI trial,1 a substan-

tial decrease in breast cancer inci-
dence occurred in the United States,
which was attributed24,25 to the marked
decrease in postmenopausal hormone
therapy use that occurred after publi-
cation of the trial results.26 The ad-
verse influence of estrogen plus pro-
gestin on breast cancer mortality
suggests that a future reduction in
breast cancer mortality in the United
States may be anticipated as well.

Accurate determination of cause of
death after a breast cancer diagnosis is
problematic given the potential inter-
action between common comorbidi-
ties and cancer treatments.27 Thus, the
actual mortality risk related to breast
cancer likely lies somewhere between
the medical record attributed risk and
consideration of all mortality follow-
ing breast cancer diagnoses.

Figure 3. Invasive Breast Cancer Incidence by Baseline Characteristics and Study Group

Favors
Placebo

Favors
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Plus Progestin

0.5 4.02.01.0

HR (95% CI)

P Value for
Interaction

.08

.71

.46

.85

.03

.21

Estrogen
Plus Progestin,

No. (Annualized %)
Placebo,

No. (Annualized %) HR (95% CI)
Characteristics

Age, y

50-59

60-69

70-79

Body mass index

Normal (<25)

Overweight (25 to <30)

Obese (≥30)

Gail risk score

<1.25

1.25 to <1.75

≥1.75

Estrogen plus progestin use

No

Yes (past/current)

Prior estrogen plus progestin duration, y

None

≤1

>1 to <5

≥5

Time since menopause, y

<5

≥5

Main effect

111 (0.35)

178 (0.43)

96 (0.53)

91 (0.33)

137 (0.43)

156 (0.50)

90 (0.29)

134 (0.44)

161 (0.53)

312 (0.42)

73 (0.44)

312 (0.42)

29 (0.50)

27 (0.40)

17 (0.41)

130 (0.42)

209 (0.41)

385 (0.42)

79 (0.26)

137 (0.35)

77 (0.44)

69 (0.26)

97 (0.32)

125 (0.44)

75 (0.26)

97 (0.33)

121 (0.43)

257 (0.36)

36 (0.23)

257 (0.36)

14 (0.25)

10 (0.16)

12 (0.34)

293 (0.34)a

293 (0.34)a

293 (0.34)

1.31 (0.98-1.76)

1.23 (0.99-1.54)

1.21 (0.90-1.64)

1.29 (0.94-1.77)

1.34 (1.04-1.75)

1.14 (0.90-1.44)

1.19 (0.88-1.63)

1.29 (1.00-1.69)

1.25 (0.99-1.59)

1.16 (0.98-1.37)

1.85 (1.25-2.80)

1.16 (0.98-1.37)

2.16 (1.15-4.24)

2.19 (1.08-4.80)

1.10 (0.52-2.40)

1.41 (1.14-1.74)

1.15 (0.96-1.37)

1.25 (1.07-1.46)

Hazard ratios (HRs; estrogen plus progestin vs placebo) with 95% confidence intervals (CIs) are from Cox regression models stratified by age and randomization as-
signment in the dietary modification trial. For subgroup analyses, HRs are allowed to vary by subgroup, and Cox regression models are stratified by age, randomization
assignment in the Women’s Health Initiative dietary modification trial, and subgroup. P values are from Cox regression models for a 1-degree-of-freedom test for
trend. Current use refers to those reporting estrogen plus progestin use at time of initial evaluation. A 3-month washout was required before study entry. The time-
since-menopause variable was defined as the interval from the onset of menopause until first menopausal hormone therapy use or first study medication use (estrogen
plus progestin or placebo).
aEvents in both subsets of the estrogen plus progestin group are compared with all events in the placebo group.
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The relative influence of combined
hormone therapy on both the breast
cancer mortality reported herein and
lung cancer mortality28 was greater than
its influence on cancer incidence. Re-
productive hormones,29,30 especially
progestin,31,32 are potent stimulators of
angiogenesis. Because increased angio-
genesis increases both lung33 and breast
cancer metastases,34 these findings sug-
gest that angiogenesis stimulation by
combined hormone therapy may facili-
tate growth and metastatic spread of al-
ready-established cancers. Unless the
mortality risks of lung cancer and breast
cancer can be mitigated, use of com-
bined hormone therapy—other than
short-term therapy in women with cli-
macteric symptoms not ameliorated by
other therapies—seems unwarranted.

The WHI trial results evaluating es-
trogen plus progestin have been gen-
erally accepted by health regulatory
agencies. However, some clinicians con-
tinue to question the applicability of the
results to current clinical practice,35,36

emphasizing potential differences in
coronary heart disease risk when hor-
mone therapy is begun shortly after
menopause.15,37 However, both prior

analyses38 and the current analysis re-
flecting longer follow-up of the study
participants suggest a somewhat greater
adverse hormonal effect on breast can-
cer incidence among women random-
ized closer to menopause, with simi-
lar findings seen in the French E3N
observational cohort.39 Additionally,
current analyses support our prior sug-
gestion that durations of use only
slightly longer than those in the trial are
associated with increases in breast can-
cer risk.40 Given these findings and the
effect of combined hormone therapy to
delay breast cancer diagnosis,2,3 from a
breast cancer perspective, a safe inter-
val for combined hormone therapy use
cannot be reliably defined.

Strengths of this study include the
randomized, double-blind design, a
large and ethnically diverse study popu-
lation, serial assessment of mammog-
raphy and clinical breast examina-
tions, central adjudication of breast
cancers, and the long follow-up pe-
riod. The lack of breast cancer therapy
information and the modest number of
deaths in women diagnosed as having
breast cancer are limitations, as is the
difficulty in attributing cause of death

in breast cancer patients. For the breast
cancer mortality analyses, the wide CIs
with lower limits close to 1.0 imply
some caution in interpretation. The
relatively modest duration of study es-
trogen-plus-progestin use was limited
by the net adverse effect of combined
hormone therapy on clinical out-
comes.

Some might consider a study limi-
tation to be the necessity of reconsent
for follow-up of disease incidence
beyond the original trial completion
date. The fact that 17% of women did
not reconsent may have influenced es-
timation of the effect of combined hor-
mone therapy on breast cancer. How-
ever, in both the original randomized
group and in the reconsenting group,
baseline characteristics were compa-
rable in the hormone therapy and
placebo groups. In addition, inverse
probability weighting and multiple im-
putation analyses to address this con-
cern resulted in similar findings regard-
ing use of estrogen plus progestin and
deaths due to breast cancer.

In conclusion, use of estrogen plus
progestin increases the incidence of
breast cancer, and the cancers are more

Figure 4. Deaths After Breast Cancer in the WHI Clinical Trial
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Kaplan-Meier cumulative hazard curves for (A) mortality directly attributed to breast cancer, by study group and time since randomization and (B) mortality due to all
causes following a breast cancer diagnosis, by study group and time in the trial. Hazard ratios (HRs), 95% confidence intervals (CIs), and P values are from Cox re-
gression models, stratified by 5-year age intervals and randomization assignment in the Women’s Health Initiative (WHI) dietary modification trial. All women stopped
the intervention by 8.6 years.
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commonly node-positive. Mortality data
analyses suggest that breast cancer mor-
tality may also be increased.
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