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Abstract
Background Based principally on fi ndings in 
three studies, the Collaborative Reanalysis 
(CR), the Women’s Health Initiative (WHI), 
and the Million Women Study (MWS), 
it is claimed that combined hormone 
replacement therapy (HRT) with estrogen 
plus progestogen is now an established cause 
of breast cancer. For unopposed estrogen 
therapy the evidence in the three studies is 
confl icting: the CR and MWS have reported 
increased risks in estrogen users, while the 
WHI has not. The authors have previously 
reviewed the fi ndings in the CR (Part 1).
Objective To evaluate the evidence 
for causality in the WHI studies.
Methods Using generally accepted causal 
criteria, in this paper (Part 2) the authors 
evaluate the fi ndings in the WHI for estrogen 
plus progestogen; in a related paper 
(Part 3) the authors evaluate the fi ndings 
for unopposed estrogen. An evaluation of 
the MWS (Part 4), and of trends in breast 
cancer incidence following publication of the 
WHI fi ndings in 2002 (Part 5) will follow.
Results For estrogen plus progestogen 
the fi ndings did not adequately satisfy the 
criteria of bias, confounding, statistical 
stability and strength of association, duration-
response, internal consistency, external 
consistency or biological plausibility.
Conclusion HRT with estrogen plus progestogen 
may or may not increase the risk of breast cancer, 
but the WHI did not establish that it does.

Background
Based on reports from the Collaborative 
Reanalysis (CR),1 the Women’s Health 
Initiative (WHI) clinical trial,2 and the 
Million Women Study (MWS)3 published, 

respectively, in 1997, 2002 and 2003, it 
is now widely believed that hormone 
replacement therapy (HRT) causes breast 
cancer. More specifically, all three studies 
have reported an increased risk for the use 
of estrogen plus progestogen (E+P), and 
the CR and MWS have also reported an 
increased risk for the use of estrogen ther-
apy (ET). However, in a WHI clinical trial 
of ET versus placebo, published in 2004,4 
the risk was not increased.

Following publication of the initial 
WHI report in 20022 there was a decline 
in the use of HRT, and it was claimed that 
there was a corresponding decline in the 
incidence of breast cancer.5

In Part 1 of this series we evaluated the 
CR report,6 and concluded that it did not 
accord with generally accepted epidemio-
logical principles of causation.7–9 Here, 
in Part 2 we apply the principles to the 
WHI evidence implicating E+P, firstly 
as reported in the clinical trial,2 10–13 and 
then as reported in the clinical trial data 
combined with data from a WHI observa-
tional study that commenced at the same 
time.14–16 In a related article (Part 3) we 
evaluate the WHI studies of ET.17 In future 
articles we will evaluate the MWS findings 
(Part 4), and the purported secular decline 
in the incidence of breast cancer following 
the decline in the use of HRT (Part 5).

The Women’s Health Initiative
In 1993, several studies were initiated in 
40 centres in the USA under the rubric of 
the WHI.18 In two clinical trials and in one 
cohort study the benefits and risks asso-
ciated with the use of E+P or ET were 
evaluated, and one objective was to assess 
the risk of breast cancer.

1Visiting Professor of 
Epidemiology, Department of 
Epidemiology, University of Cape 
Town, Cape Town, South Africa
2Emeritus Professor of 
Epidemiology, Department of 
Epidemiology, University of 
Surrey, Guildford, UK
3Professor of Clinical 
Pharmacology and Experimental 
Endocrinology, Department 
of Endocrinology, University 
Women’s Hospital, Tübingen, 
Germany
4Freelance Medical Writer, 
Aldershot, UK
5Consultant Physician and 
Reader in Metabolic Medicine, 
National Heart and Lung 
Institute, Imperial College, 
London and Royal Brompton 
Hospital, London, UK

Correspondence to 
Professor Samuel Shapiro, 
Department of Public Health 
and Family Medicine, University 
of Cape Town Medical School, 
Anzio Road, Observatory, Cape 
Town, South Africa; 
samshap@mweb.co.za

Received 24 February 2011
Accepted 3 May 2011
Published Online First 
2 June 2011

Does hormone replacement therapy cause 
breast cancer? An application of causal 
principles to three studies
Part 2. The Women’s Health Initiative: estrogen plus progestogen

Samuel Shapiro,1 Richard D T Farmer,2 Alfred O Mueck,3 Helen Seaman,4 
John C Stevenson5

08_jfprhc-2011-000090.indd   16508_jfprhc-2011-000090.indd   165 6/20/2011   3:52:44 PM6/20/2011   3:52:44 PM

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://jfprhc.bm

j.com
/

J F
am

 P
lann R

eprod H
ealth C

are: first published as 10.1136/jfprhc-2011-0090 on 2 June 2011. D
ow

nloaded from
 

http://jfprhc.bmj.com/


166 J Fam Plann Reprod Health Care 2011;37:165–172. doi:10.1136/jfprhc-2011-0090

Article

In the E+P trial menopausal women were ran-
domly assigned to conjugated equine estrogen, 
0.625  mg  per  day, plus medroxyprogesterone 
acetate, 2.5 mg per day, or a placebo.2 In the ET 
trial the assignments were to conjugated equine 
estrogen, 0.625 mg per day, or a placebo (ET).2 4 
The assignments were ‘double-blind’. Initially, in 
both trials women were included whether or not 
their uterus had been removed. However, because 
another study reported an increased risk of endome-
trial hyperplasia,19 “the WHI protocol was changed 
to randomise women with a uterus to only [E+P] 
or placebo in equal proportions. The 331 women 
previously randomised to unopposed [ET] were 
unblinded and reassigned to [E+P]”.2 In the obser-
vational study women originally approached for 
inclusion in the two trials, but not included because 
they were ineligible or because they declined, were 
followed.18

In the clinical trials, unless otherwise stated, 
 intention-to-treat (ITT) analysis was used.

Clinical trial: estrogen plus progestogen vs placebo
First report2

Menopausal women aged 50–79 years were ran-
domly assigned to E+P (8506 women) or a placebo 
(8102 women). The allocation was ‘double-blind’, 
except for the 331 (3.9%) women initially assigned 
to ET and reassigned to E+P. The women were inter-
viewed every 6 months, and they attended study clin-
ics for annual breast examinations and mammography. 
The trial was terminated in 2002 after an average of 
5.2 years of follow-up because of a statistically sig-
nificant adverse ‘global index’ comprising several out-
comes (not considered here) and an increased risk of 
invasive breast cancer.

When follow-up ended 40.5% of the E+P recipi-
ents had had their treatments ‘unblinded’, primarily 
because of persistent vaginal bleeding, and with the 
additional reassigned ET recipients (3.9%) the total 
‘unblinding’ rate was 44.4%; 6.8% of the placebo 
recipients were ‘unblinded’. Discontinuation rates 
were 42% and 38%, respectively, and 6.2% and 10.7% 
of the two groups were prescribed HRT by their own 
doctors.

For E+P exposure the hazard ratio (HR) of invasive 
breast cancer was 1.26 (95% CI 1.00–1.59), a finding 
that “almost reached nominal statistical significance” 
while “the weighted test statistic used for monitoring 
[z =−3.19] was highly significant”. The HRs during 
1–≥6 years of follow-up were 0.62, 0.83, 1.16, 1.73, 
2.64 and 1.12, respectively (trend score, z = 2.56). 
The estimated absolute risk attributable to the use of 
E+P was 8 per 10 000 woman-years.

The authors concluded that “the WHI [was] the first 
randomised controlled trial to confirm that combined 
[E+P] does [our emphasis] increase the risk of incident 
breast cancer”.

Second report10

In an updated analysis specifically focused on breast 
cancer the mean [standard deviation (SD)] duration of 
follow-up was 5.6 (1.3) years, and 349 invasive and 84 
in situ cases were analysed. For all breast cancers the 
HR was 1.24 (95% CI 1.02–1.50; p<0.001); for inva-
sive cancer it was 1.24 (95% CI 1.01–1.54; p = 0.003); 
and for in situ cancer it was 1.18 (95% CI 0.77–1.82; 
p = 0.09). Among the E+P recipients invasive cancers 
were larger than among the placebo recipients [mean 
(SD) 1.7 (1.1) vs 1.5 (1.5) cm; p = 0.04], more com-
monly node-positive (25.9% vs 15.8%; p = 0.03), and 
had more commonly spread to the regional tissues or 
metastasised (25.4% vs 16.0%; p = 0.04). The in situ 
cancers were also larger (1.6 vs 1.1 cm; p = 0.33).

The authors acknowledged that failure to adhere 
to the assigned treatments was a limitation in their 
study, but asserted that “the discontinuation of study 
hormones … [was] … likely to dilute the estimate 
of effects of [E+P]”. They also acknowledged that 
“because vaginal bleeding led to a high prevalence of 
de facto unblinding, some potential for detection bias 
[existed]”, but asserted that any such bias was likely to 
be small. They concluded that E+P “increases the risk 
of incident breast cancers, which are diagnosed at a 
more advanced stage compared with placebo use”.

Third report11

Again based on 5.6 years of follow-up, the investiga-
tors evaluated whether a history of having used HRT 
before the trial began influenced the subsequent risk 
of invasive breast cancer among women assigned dur-
ing the trial to E+P. Overall, the HR was 1.24 (95% 
CI 1.02–1.50; p = 0.003). After adjustment for age, 
race, body mass index (BMI), physical activity, smok-
ing, alcohol use, parity, age at first birth, use of oral 
contraceptives, family history of breast cancer, family 
history of fractures, mammography use and presence 
of moderate to severe vasomotor symptoms, the HR 
was 1.20 (95% CI 0.94–1.53; weighted p = 0.025). 
Among women who had never used HRT previously 
the HR for those assigned in the trial to E+P was 1.02 
(95% CI 0.77–1.36), and among those who had used 
HRT previously it was 1.96 (95% CI 1.17–3.27), a sta-
tistically significant difference (p = 0.027). However, 
in the former group the HR increased significantly 
during follow-up, from 0.48 in Year 1 to 1.24 in Year 6 
(trend p = 0.02), while in the latter group the corre-
sponding HRs were 0.90–1.99, and there was no sig-
nificant trend (trend p = 0.10).

The investigators concluded that the absence of an 
effect among women who had not previously used 
HRT, and who were assigned during the trial to E+P, 
“should not be interpreted as overall breast safety [sic] 
given the statistically significant test for increasing risk 
with time since randomization”. They suggested that 
“durations only slightly longer than those in the WHI 
trial are associated with increased breast cancer risk”.
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Fourth report12

Risks of breast cancer for the use of E+P before 
termination of the study (‘clinical trial phase’, 
1993–2002), after termination (‘post-intervention’ 
phase, 2002–2005) and overall (1993–2005) were com-
pared. In the clinical trial phase the HR was 1.26 (95% 
CI 1.02–1.55), in the post-intervention phase it was 1.27 
(95% CI 0.91–1.78). The combined HR was 1.27 (95% 
CI 1.06–1.51). The authors acknowledged that in the 
post-interventional phase “health care-seeking behavior 
and cancer screening practices could have differed”.

Fifth report14

All 8506 women assigned at recruitment to E+P 
and 8102 women assigned to placebo were followed 
through three phases: from 15 November 1993 to 
7  July 2002, when the trial was terminated (‘interven-
tion phase’); from 8 July 2002 to 31 March 2005, the 
original termination date specified in the study pro-
tocol (‘post-intervention phase’); and from 1 April 
2005 to 14 August 2009 (‘extension phase’). In the 
extension phase consent to participate was obtained a 
second time (‘reconsent’), and 6545 and 6243 women 
originally assigned, respectively, to E+P and placebo 
(78.9% and 77.1% – our calculations) were followed. 
The mean (SD) duration of follow-up was 11.0 (2.7) 
years. “Analyses for deaths due to breast cancer among 
women who did not reconsent were censored on 31 
December 2005 … because mortality may be incom-
plete at more recent times [sic]”.

The overall HR for invasive breast cancer in 
women originally assigned to E+P was 1.25 (95% CI 
1.07–1.46), and the HR was consistently elevated in 
strata of age, BMI, Gail risk score,20 previous E+P use 
and duration of use, and time since menopause. There 
were 25 and 12 deaths directly attributed to breast can-
cer in the E+P and placebo groups (HR 1.96; 95% CI 
1.00–4.04; p = 0.049). Breast cancers were more com-
monly node-positive in the E+P (23.7%) than in the pla-
cebo group (HR 1.78; 95% CI 1.23–2.58; p = 0.03).

The investigators concluded that “breast cancer 
mortality also appears to be increased with combined 
use of [E+P]”, and that exposure increases the risk of 
node-positive tumours.

Evaluation
Below we evaluate whether the evidence in the clini-
cal trial accorded with generally accepted principles of 
causality.7–9 The principles are inter-related, and when 
appropriate we cross-refer.

Time order
At baseline the mammograms of all participants were 
free of cancer, and the criterion of time order was 
satisfied.

Information bias
This was a prospective study and information bias was 
unlikely.

Detection bias
E+P causes vaginal bleeding, and it was predictable 
that ‘unblinding’ would occur more commonly in 
the E+P than in the placebo recipients, as proved to 
be the case: 40.5% were ‘unblinded’ mainly for that 
reason, and with the addition of the ‘unblinded’ ET 
users re-allocated to E+P (3.9%) the total ‘unblinding’ 
rate was 44.4%, and 6.5-fold greater than for placebo 
(6.8%).2 In addition, since E+P causes breast enlarge-
ment and tenderness, additional women who ostensi-
bly remained ‘unblinded’ could correctly have realised 
that they were on E+P.

When postmenopausal bleeding occurs it is obliga-
tory to rule out uterine cancer, and in order to do so, 
to determine whether HRT was used. And ‘unblinded’ 
E+P-exposed women would have been told that can-
cer of the uterus must be ruled out. ‘Unblinded’ E+P-
exposed women would also have become anxious about 
breast cancer, since at recruitment all participants were 
informed that one of the study objectives was to assess 
the risk of that outcome. Diagnostic procedures among 
E+P-exposed women who bled, some of them uncom-
fortable or painful (e.g. endometrial biopsy) would have 
reinforced their anxiety. ‘Unblinded’ women previously 
allocated to ET and switched to E+P would also have 
become anxious. That anxiety would further have been 
reinforced by the extensive publicity given for many years 
to the possibility that HRT may cause breast cancer.

Since almost half the E+P recipients were 
‘unblinded’, and since additional women could have 
realised that they were exposed, there could have been 
a greater tendency for such women than for placebo 
recipients to repeatedly examine their breasts, for their 
medical attendants to do the same, for the WHI per-
sonnel to do so when they conducted annual breast 
examinations, and for their mammograms to be scru-
tinised more intensively. Some 5% of postmenopausal 
women have occult (‘clinically silent’) breast cancer,21 
and there was thus ample scope for the selective detec-
tion of such cancers in E+P users.

In one of the WHI reports the authors acknowledged 
that detection bias could have occurred after the trial 
was terminated, but they failed to recognise that it could 
also have occurred beforehand.12 In another report the 
investigators mentioned detection bias as a possibility,10 
but asserted that “the amount of bias, if any, [was] likely 
to be small, based on several factors. First, the WHI 
achieved very high compliance with annual mammog-
raphy, which was nearly identical between study groups 
throughout follow-up. Furthermore, the readings and 
response to mammographic findings were managed by 
the women’s own physicians, independent of WHI and 
with no access to study reports, thereby minimising the 
opportunity for reported bleeding to influence these 
findings”. Those assertions were indefensible, for the 
following reasons.

First, the statement that there was “very high compli-
ance with annual mammography” was incorrect. The 

08_jfprhc-2011-000090.indd   16708_jfprhc-2011-000090.indd   167 6/20/2011   3:52:45 PM6/20/2011   3:52:45 PM

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://jfprhc.bm

j.com
/

J F
am

 P
lann R

eprod H
ealth C

are: first published as 10.1136/jfprhc-2011-0090 on 2 June 2011. D
ow

nloaded from
 

http://jfprhc.bmj.com/


168 J Fam Plann Reprod Health Care 2011;37:165–172. doi:10.1136/jfprhc-2011-0090

Article

is also likely that it was biased. For women who did 
not ‘reconsent’ for follow-up in the extension phase 
(E+P 15.7%; placebo 10.2%; our calculations: Figure 
1 in the report), breast cancer deaths were censored 
in December 2005, whereas among women who did 
‘reconsent’, deaths continued to be ascertained until 
August 2009. E+P recipients who ‘reconsented’ 
could selectively have done so if they were aware of 
as yet undiagnosed breast lumps – which could have 
explained the higher breast cancer death rate, as well as 
the higher incidence of node-positive tumours among 
the ‘reconsenters’.

In terms of detection bias the WHI clinical trial 
ceased to be ‘double-blind’, and in effect it became an 
observational study.

Confounding
A further reason why the clinical trial became an 
observational study was because confounding was not 
adequately controlled: 42% and 38% of the E+P and 
placebo recipients did not adhere to their treatments, 
and 10.7% of the latter switched to HRT.2 Women who 
stopped or switched could have done so for reasons 
related to breast cancer risk. For example, ‘unblinded’ 
E+P recipients with a family history who stopped could 
more frequently have had mammograms on their own 
initiative than those without a family history.

No controlled trial is perfect, and full adherence to 
treatment is exceptional. For this reason it is conven-
tional to use ITT analysis, in which all participants are 
assumed to have adhered throughout. It is argued that 
confounding by the underlying reason for stopping 
is thereby minimised, that although doing so results 
in non-differential misclassification of exposure, any 
observed elevation of the HR is ‘conservative’, and 
that in the absence of misclassification the ‘true’ HR 
would, if anything, be higher.

Based on this reasoning Chlebowski et al. claimed 
that “discontinuation of study hormones … [was] … 
likely to dilute the estimate of effects of [E+P]”.10 
However, for ITT analysis to be valid, the assumption 
of non-differential misclassification must be tenable, 
and in the WHI trial it was not. The discontinuation 
rates were exceptionally high, and confounding could 
commonly have arisen either when treatment was 
stopped, or thereafter. To this consideration it should 
be added that the ITT analysis would not have reduced 
confounding, if present, among the placebo recipients 
who switched to HRT. Since the trial became an obser-
vational study, the analysis should have been confined 
to women who adhered to treatment (‘as treated’ anal-
ysis) as is standard practice in observational research.

In one report in which confounding was  controlled, 
albeit in an ITT analysis, the HR at 5.6 years of fol-
low-up was 1.20, as against 1.24 when confounding 
was not controlled.11 However, the possibility that the 
adjusted HR might have been more markedly reduced 
in an ‘as treated’ analysis was not excluded. Moreover, 

“high compliance” applied only to women who did 
not stop their assigned treatments. Those who did stop 
also stopped receiving annual study mammograms, 
and the respective mammography rates in the E+P and 
placebo groups declined from 86% and 90% at 1 year 
of follow-up, to 48% and 41% at ≥6 years (our calcu-
lations: Table 5, Reference 10). ‘Unblinded’ E+P users 
who stopped their treatments because they were wor-
ried about breast cancer could thereafter have sought 
mammograms on their own initiative more commonly 
than placebo recipients who stopped.

Second, doctors consulted by women with post-
menopausal bleeding would have demanded to know 
whether they were receiving E+P, and the doctors 
would have told their patients.

Third, ‘unblinded’ women could have told the mam-
mographers that they had been given E+P, and that 
they were worried. The sensitivity of mammography 
is limited,22 and among HRT users about 30% of 
breast cancers actually present go undiagnosed.23 Since 
increased density is a predictor of increased breast can-
cer risk,22 23 the search for a tumour could have been 
most intensive in women who both had dense breast 
tissue, and who also received E+P.

Fourth, large tumours and tumours that have spread 
are more readily detectible than small tumours – which 
could readily explain the larger tumour sizes, and 
their spread beyond the breast, observed in the E+P 
recipients.10

To a limited extent detection bias might have been 
reduced in an ‘as treated’ analysis (see: Confounding) 
confined to women who remained ‘blinded’. Such an 
analysis has not been published. Instead, in correspond-
ence the investigators “analysed the post 1-year trial data 
by separately estimating HRs … according to whether 
or not [the women] experienced persistent bleeding 
throughout the first year of randomization. [HRs] were 
elevated (p<0.05) both among women with and among 
women without persistent vaginal bleeding”.24 The data 
forming the basis for that statement have not been pub-
lished, but in any case the relevant analysis was not pre-
sented: what should have been assessed was whether the 
HRs were increased in an ‘as treated’ analysis among 
women who were not ‘unblinded’, both during the first 
year of follow-up, as well as thereafter.

How much bias would it have taken to account for 
overall HRs for incident breast cancer that ranged from 
1.20 to 1.27?2 10–13 If bias augmented the detection of 
otherwise occult breast cancer by 0.08% per year (the 
estimated increase in the incidence was 8 per 10 000 
woman-years)2 it would have nullified the association.

Breast cancer death rates were analysed in the fifth 
report,13 and after a mean (SD) of 11 (2.7) years of 
follow-up the HR was 1.96. However, an analysis of 
breast cancer deaths 8 or more years after assignment 
to E+P ended was questionable. In addition, the HR 
was only of borderline significance (p = 0.049) (see: 
Statistical stability and strength of association), and it 
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confounding been performed, the association would 
have been even less statistically robust.

In contrast to the marginal 95% CIs, the p values for 
the overall HR estimates were significant. However, 
in causal research it is a truism that if a finding is only 
‘significant’ using one statistical method, but only 
‘almost significant’ using another method, there are 
insufficient data.

Duration-response
During the first 2 years of follow-up the HRs were 
below 1.0, at 5 years the estimate was 2.64, and then 
it declined to 1.12 at ≥6 years.2 Thus there was no 
consistent monotonic trend for the HR to increase 
from 1.0 at baseline with increasing duration of 
follow-up.

Among women who had not used HRT previously, 
the HR for those assigned to E+P was not significantly 
increased, but there was an ostensible duration effect: 
the HR increased from 0.48 at Year 1 to 1.24 at Year 6 
(trend p = 0.02).11 The investigators asserted that the 
findings for women not previously exposed to HRT 
“should not be interpreted as overall breast safety [sic] 
given the statistically significant test for increasing risk 
with time since randomization”. Or put another way, 
they speculated that, had follow-up lasted longer, an 
overall increase would have been observed.

That speculation was not tenable for two reasons: 
first, the significant duration trend was dependent 
not only on increased HRs after 3 or more years of 
follow-up, but also on reduced HRs during the first 2 
years of follow-up. Second, among women who had 
previously used HRT there was no significant dura-
tion trend (p = 0.10). Why there should have been a 
significant trend among women who had not previ-
ously used HRT, but not among those who had, was 
not explained (see: Internal consistency).

Internal consistency
As noted above the data were inconsistent accord-
ing to the prior receipt of HRT. In addition, as also 
noted above, HRs stratified according to whether the 
women were or were not ‘unblinded’ have not been 
presented.

External consistency
The findings in the WHI1 10–13 and MWS3 were incon-
sistent: in the clinical trial the HR was decreased dur-
ing the first 2 years of follow-up, and it only increased 
thereafter; in the MWS the HR was already signifi-
cantly elevated after 1 month of follow-up, and dur-
ing the first 2 years it increased progressively with 
 increasing duration of follow-up.

Biological plausibility
E+P may enhance the proliferation of benign cells 
and thus increase the likelihood of errors in DNA 
replication, and via mutation to new cancer cells.26–28 
However, it has not been shown that E+P directly 

factors such as physical activity, smoking, alcohol use, 
family history of fractures, and moderate to severe vas-
omotor symptoms can only be imprecisely measured 
and controlled, and residual confounding could have 
been present. And if that consideration were insuf-
ficient, factors such as age at menopause, or type of 
menopause, were not controlled at all.

Statistical stability and strength of association
Table 1 gives the HR estimates for E+P versus pla-
cebo in the five WHI reports. For the same durations 
of follow-up the 95% CIs varied: in two reports, after 
an average follow-up of 5.2 years both HRs were 1.26, 
but the 95% CIs were 1.00–1.592 and 1.02–1.5512; in 
two reports, after 5.6 years both HRs were 1.24, but 
the 95% CIs were 1.01–1.5410 and 1.02–1.50.11 The 
differences were minor, but the CIs should have been 
identical. This variation was unexplained, but it was 
not trivial, since the initial HR estimate of 1.26 (95% 
CI 1.00–1.59) was interpreted as causal even though it 
only “almost reached nominal statistical significance”,2 
and only the “weighted test statistic used for monitor-
ing” was significant.

In the different reports the overall HRs for incident 
breast cancer were 1.27 or less,2 10–13 and since the clin-
ical trial became an observational study, bias and con-
founding could readily have accounted for such small 
risk elevations.25 In addition, in the one ITT analysis in 
which confounding was controlled the HR was 1.20, 
and the lower 95% CI was 0.94.11 That is, for the most 
precise HR estimate, the association was not nomi-
nally significant, and it could have been due to chance. 
Moreover, had an ‘as treated’ analysis with control for 

Table 1 Hazard ratio estimates for invasive breast 
cancer in the Women’s Health Initiative (WHI) clinical 
trial: estrogen plus progestogen versus placebo

Report HR 95% CI P

Mean (SD) 
duration of 
follow-up 
(years)

WHI Writing Group2 1.26 1.00–1.59 z = –3.19* 5.2 (1.3)

Chlebowski et al.10 1.24 1.01–1.54 0.003* 5.6 (1.3)

Anderson et al.11 1.24 1.02–1.50 0.003* 5.6 (1.3)

1.20† 0.94–1.53† 0.025† 5.6 (1.3)

Heiss et al.12

 Intervention phase‡ 1.26 1.02–1.55 – 5.2 (1.3)

 Post-intervention 
 phase§

1.27 0.91–1.78 – –

 Overall¶ 1.27 1.06–1.51 – –

 Chlebowski et al.13 1.25 1.07–1.46  11.0 (2.7)

*Log rank test statistic.
†Adjusted for confounding (see text).
‡1993–2002.
§2002–2005.
¶1993–2005.
CI, confi dence interval; HR, hazard ratio; SD, standard deviation.
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Evaluation
The WHI investigators stated that the combined analyses 
were valid because “the clinical trial and observational 
study subjects were drawn from the same populations, 
over the same time period, with much commonality in 
data collection, protocol, and procedures”.24 That state-
ment was incorrect: one population comprising women 
who consent to be randomised and ‘blinded’, and who 
are deemed eligible, and another population comprising 
women who decline or are deemed ineligible, and who 
are not ‘blinded’, cannot be regarded as ‘the same’.

In the observational study the risk of breast can-
cer according to reasons for non-eligibility or refusal 
to participate in the clinical trial was not estimated. 
Thus the validity of observational data cannot be fully 
assessed. To the extent feasible, below we apply causal 
criteria to the evidence from the combined analyses.

Time order
In the observational study E+P users aware of as 
yet undiagnosed breast lumps could selectively have 
enrolled for follow-up (see: Detection bias).

Detection bias
As strong as was the likelihood of bias in the clinical 
trial, that likelihood was stronger in the observational 
study. At recruitment the women were informed that 
HRT may increase the risk of breast cancer, and users 
who refused to participate in an experiment, or who 
were ineligible to participate, but who nevertheless 
consented to be followed, would have been more anx-
ious than anyone else. Within weeks of publication of 
the E+P clinical trial findings2 all participants in the 
observational study were informed of the findings in 
writing. Inevitably any pre-existing anxiety among 
HRT users would have been reinforced.

Chlebowski et al. stated that in the observational 
study the annual frequency of mammography was lower 
among non-users of HRT than among users (their Table 
3).15 That statement was incorrect: what their table in 
fact showed was that lower percentages of the diagnosed 
breast cancer cases were  mammographically detected 
each year among non-users of HRT than among users, 
and that the differences were consistent over time 
(p<0.01). Those findings were quantitative evidence 
to suggest detection bias. Overall mammography rates 
were not compared, and it is likely that HRT users more 
commonly had mammograms than did non-users.

The authors stated that “mammography use [in the 
clinical trial] was similar in the [HRT] and placebo 
groups throughout the trial, including the years imme-
diately before and after the intervention ended” (their 
Table 2).15 Again that statement was incorrect: what 
their table in fact showed was that among the E+P 
and placebo recipients similar percentages of diagnosed 
breast cancer cases were detected with WHI study mam-
mograms during each year of follow-up. Mammography 
rates among women who discontinued their assigned 
treatments were not compared, and it is likely that they 
were higher in women originally assigned to E+P.

damages DNA, leading to mutations (initiation). There 
is evidence, however, that E+P enhances the prolif-
eration of tumour cells, once initiated (promotion). 
The hypothesis in the WHI studies, therefore, was 
not that E+P initiates the cellular changes leading to 
breast cancer, but that it promotes its onset. Under a 
promotional hypothesis, before a tumour can be mam-
mographically detected it has to comprise about one 
billion cells, and it has been estimated that this process 
takes at least 10 years. Since among women who had 
not used HRT before randomisation the average dura-
tion of E+P use was <5 years, a gradient of increasing 
risk with increasing duration of follow-up, from 0.48 
after 1 year to 1.24 after 6 years (trend p = 0.02)11 was 
not plausible (see also above).

Combined data from the WHI clinical trial and 
observational study
In three reports the clinical trial data were combined 
with data from the WHI observational study14–16 in 
which 16 121 HRT users and 25 328 non-users who 
“were ineligible for, or not interested in, the clinical 
trials”14 were followed. The principal findings were as 
described below.

First report14

In the clinical trial data combined with a subset of 
the observational data the HRs for women who com-
menced E+P use soon after the menopause the HRs 
were 1.64 (95% CI 1.00–2.68) after 5 years of use and 
2.19 (95% CI 1.56–3.08) after 10 years. The authors 
concluded that “women who initiate use soon after 
menopause and continue for many years appear to be 
at particularly high risk”.

Second report15

In an ‘as treated’ analysis of the clinical trial data, 
after an initial decline in breast cancer risk during 
the first 2 years of follow-up, there was a trend of 
increasing risk while the trial continued, followed 
by a trend of decreasing risk after it ended. The 
difference between the two trends was significant 
(p = 0.005). In the observational data, following 
publication of the clinical trial findings2 there was a 
year-to-year decline in HRT use. In 2002 and 2003, 
respectively, 122 and 68 cases of breast cancer were 
diagnosed, “a 43% reduction”. The authors stated 
that the findings were “unrelated to changes in fre-
quency of mammography”. They concluded that 
stopping the use of [E+P] may lead to rapid regres-
sion of preclinical cancer, and that doing so may be 
the predominant factor accounting for the decline in 
breast cancer incidence.

Third report16

In the combined data covering the period 1993–2004, 
among E+P users the “[HRs] for breast cancer and 
total cancer were comparatively higher (p<0.05) 
among women who initiated hormone therapy soon 
after menopause”.
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Our overall conclusion, however, is that the WHI 
studies have not demonstrated that it does.
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