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Abstract

Background Concern that hormone
replacement therapy (HRT) may cause
breast cancer has existed since the time it
was introduced, and based on evidence in
three studies, the Collaborative Reanalysis
(CR), the Women'’s Health Initiative (WHI)
and the Million Women Study (MWS), it is
claimed that causality is now established.
Objective To evaluate the evidence

for causality in the three studies.

Methods Using generally accepted causal
criteria, in this paper the authors begin
with an evaluation of the CR. Analogous
evaluations of the WHI and MWS will follow.
Results The findings in the CR did not
adequately satisfy the criteria of time order,
bias, confounding, statistical stability and
strength of association, dose/duration-
response, internal consistency, external
consistency or biological plausibility.
Conclusion HRT may or may not increase
the risk of breast cancer, but the CR

did not establish that it does.

Background

The publication in 1997 of a meta-analy-
sis [the Collaborative Reanalysis (CR)] of
51 studies of the risk of breast cancer in
relation to the use of hormone replace-
ment therapy (HRT)' marked a water-
shed in the public perception. Before
that date it was generally thought that
HRT may increase the risk, but the link
was uncertain and unproven:? now it was
claimed that the synthesised evidence
across the studies established that HRT
“increases the risk of having breast cancer
diagnosed”. Then, in 2002 it was claimed
that any lingering doubts about causality
should be dispelled by the findings in a

randomised controlled trial, the Women’s
Health Initiative (WHI).?> And based on
additional findings in the Million Women
Study,* published a year later, it is now
widely believed that HRT is a substantial
and significant cause of breast cancer.

In this series of articles we evalu-
ate whether the three studies accorded
with generally accepted principles of
causality.* We begin with the CR.

The Collaborative Reanalysis’

Data were pooled from 51 studies (mostly
case-control studies), representing >90%
of all studies published before 1997.
Cohort studies were included by re-casting
them as nested case-control studies, with
four randomly selected controls matched
to each case. Data on individual women
were provided by the original investiga-
tors so that the “analyses could, as far
as possible, use similar definitions across
studies”.! There were 52 705 premeno-
pausal and postmenopausal women with
breast cancer and 108 411 controls. The
analysis of HRT use was confined to post-
menopausal women [17 949 cases (34%);
35 916 controls (33%)].

In analyses adjusted for confounding
aggregated relative risks (RRs) and their
95% or 99% confidence intervals (Cls)
(or standard errors or two-tailed p values)
were presented. When more than two
groups were compared floated estimates
were presented, in which the RRs were
unchanged, and any two groups could be
compared “even if neither [was] the base-
line group”.

The RR for ever-use versus never-use
of HRT (stratified by study, age at diag-
nosis, body mass index (BMI), age at first
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birth, parity and time since menopause) was 1.14 (2p
= 0.00001). In the pooled hospital-based and popula-
tion-based case-control studies the RRs were 1.27 and
1.15, respectively, both statistically significant; in the
cohort studies the RR was 1.09, and not significant.
For durations of ever-use of <1, 1-4, 5-9, 10-14 and
>15 years the RRs were 1.09, 1.05, 1.19 and 1.58,
respectively (trend p = 0.003).

Among cases using HRT when diagnosed (current
users), the RR was 1.21 (2p = 0.00002) and following
cessation of use it declined to 1.10 after 1-4 years, and
to 1.01 after 5-9 years. Overall, among women who
were current HRT users, or who had stopped <5 years
previously, and who had used HRT for >§ years, the
RR was 1.35 (95% CI 1.21-1.49). In that category, for
durations of use of <1, 1-4, 5-9, 10-14 and >15 years
the RRs were 0.99, 1.08, 1.31, 1.24 and 1.56, respec-
tively. In the latter analysis “the risk increased by a fac-
tor of 1.023 ([standard error] 0.060) — i.e. by 2.3%
[0.6% (sic)] — for each year of use (2p = 0.0002)”.

“Cancers diagnosed in women who had ever used
HRT tended to be less advanced clinically than those
diagnosed in never-users”; and among women who
were current users or who had stopped <35 years pre-
viously, only the risk of localised cancer was increased,
while the risk of widespread disease was not. However,
for widespread breast cancer “there was a significant
increase in the [RR] . . . with increasing duration of
use (trend test, 2p = 0.007) . . . largely because women
who began using HRT in the § years before their can-
cer was diagnosed had a low [RR] of spread (sic) dis-
ease (RR 0.59; 2p = 0.001)”.

The investigators concluded that “the risk of having
breast cancer diagnosed is increased in women using
HRT and increases with increasing duration of use”,
but this excess risk “. . . is reduced after cessation of
use of HRT and has largely, if not wholly, disappeared
after about 5 years”. Based on “incidence rates. . . typi-
cal for women in North America or Europe. . .” they
estimated that among women aged 50-70 years “. . .
use [of HRT] for about 13 years would result in one
extra cancer being diagnosed in every 100 users”.

Evaluation of the CR

The validity of meta-analysis as a tool in causal research
has been debated.”"* It is therefore important to con-
sider whether the conclusions in the CR report were
justified, and whether they accorded with generally
accepted principles of causality.’® The principles are
interrelated, and below, when appropriate, we cross-
refer.

Time order

As is obvious, HRT cannot cause breast cancer if first
used only after its onset. But what is meant by the term
‘onset’ is not straightforward. Broadly, carcinogenesis
commences after damage to (e.g. X-rays), or spontane-
ous mutations in, cellular genes (initiation). Following
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initiation, on average it takes at least 5-10 years before
clinical breast cancer develops (promotion).'* ' The
hypothesis, therefore, is not whether HRT initiates
carcinogenesis, but whether its use accelerates the
multiplication and malignant transformation of cells
already initiated. [Under a promotional hypothesis it
is perhaps also possible that HRT may accelerate the
growth of already existing breast cancer (see Biological
plausibility).]

Since the evolution of cancer is a continuous proc-
ess, determining the date of onset becomes arbitrary,
and what has generally been done has been sim-
ply to specify the date of diagnosis as an index date.
Sometimes breast cancer can remain ‘clinically silent’
unless actively searched for, and otherwise occult cases
can be detected by examining the breast, or failing
that, by mammography.'® If not actively searched for,
slow-growing tumours may go undetected, sometimes
for years. In autopsies of postmenopausal women who
have died of unrelated causes, ‘clinically silent” breast
cancer has been found in about 5%, and among
women who already have breast cancer, undetected
cancer is commonly found in the seemingly normal
breast.?’ Nor does the difficulty end there: on aver-
age, the more advanced the tumour is, the longer it has
been present, but for how long is unknown, rendering
determination of the actual date of onset even more
uncertain.

As there can be no certainty about the date of onset
of clinical breast cancer, limited reassurance that time
order has not been violated can only be gained by plac-
ing greatest reliance on exposures that can reasonably
be assumed to have commenced well before the index
date. If, for example, HRT use began, say, >10 years
earlier, it may be reasonable to assume that the expo-
sure came first. Note, however, that the measured
duration of HRT use, and the measured intervals since
the commencement or termination of use, are often
uncertain. Moreover, if current HRT use has only been
brief — say, a year or two — it is impossible to be sure
whether the cancer or the exposure came first.

In the CR the requirement that HRT use should
unambiguously have commenced before the index
date was not met. The earliest reported median year of
diagnosis was 1974%! and the latest was 1992.% Over
that interval mammography rates increased,' and they
would have given rise to progressively earlier diagno-
sis. The rates also differed by ethnic group, being less
common among black women in the USA, where the
majority of the studies were performed. In addition, in
many studies there was no information on tumour size
or stage. Hence, in the different studies the index dates
shifted. In addition, women aware of as yet undiag-
nosed breast lumps could selectively have participated
in the studies (see Detection bias).

Based on these considerations, among current HRT
users there could be no reassurance that short-du-
ration use commenced before the onset of clinically
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or mammographically detectible breast cancer (see
Detection bias); the duration data were imprecise; and
the specified intervals after stopping HRT use were
also imprecise. It follows that the estimated duration-
dependent incidence rates attributable to HRT use
were also uncertain (see Dose/duration-response), as
was the variation in the RRs at varying intervals after
stopping HRT use.

Bias

Anxiety about the possibility that HRT may cause
breast cancer has existed since its introduction, and
has increased over time. That anxiety could have given
rise to information and detection bias, and it could
have done so across multiple studies.

Information bias

Most of the CR data were derived from interview- or
questionnaire-based case-control studies, and it is likely
that the cases would have been at pains to recall all epi-
sodes of HRT use. By contrast, the controls could have
under-reported their actual use, especially if it was
short-term, or if it had stopped years earlier. They may
also have under-reported the duration of use.

The investigators acknowledged the possibility of
information bias in the case-control studies, but claimed
that it was unlikely because the results were similar in
the cohort studies. In fact, the results were dissimilar.
In the case-control studies, in which information bias
was likely, for ever-use of HRT the RRs were 1.27
(hospital controls) and 1.15 (population controls),
and both estimates were statistically significant; in the
cohort studies, in which bias was unlikely, the RR was
1.09, and not significant. There was also quantitative
evidence to support the likelihood of bias in the case-
control studies: in the hospital-based data, in which
the RR was highest, ever-use of HRT by the controls
was the lowest (12.2% — our calculation: Figure 3 in
the CR report); in the population-based studies the RR
was lower, and ever-use among the controls was higher
(32.8%).

How much information bias would it have taken
to account for the findings? The rates of ever-use of
HRT in the cases and controls were 30.5% and 34.4%,
respectively (our calculation: Figure 3 in the CR
report), a difference of 3.9%. That difference implies
that the overall association could have been accounted
for by under-reporting of ever-use of HRT among the
controls of the order of 3.9%. [Although ever-use of
HRT was lower in the cases than in the controls (crude
RR, 0.84 — our calculation) the confounder-adjusted
RR was 1.14 (see Confounding).]

Detection bias

When HRT is prescribed, women are advised to have
regular breast examinations and mammograms, and
there is quantitative evidence that HRT users undergo
mammography more frequently than do non-users.?
Thus it is likely that detection bias resulted in a selective
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tendency to more commonly diagnose otherwise occult
breast cancer among HRT users. In addition, the longer
the duration of use, the more often would screening
have taken place, and the increase in the RR with
increasing duration of HRT use could also have been
due to detection bias (see Dose/duration-response).

Detection bias may also have influenced the radiolo-
gists who interpreted the mammograms. Combined
estrogen/progestogen compounds increase the radio-
logical density of breast tissue, ¢ and when a mam-
mogram is performed it is standard practice to record
HRT use. Hence, if a woman is a user, and if in addi-
tion the breast tissue is dense, cancer is likely to be
more intensively searched for than among women
who are not HRT users, and who have normal breast
density. Moreover, there is ample scope for differen-
tial detection: in the presence of increased breast den-
sity, some 30% of breast cancers go undiagnosed on
mammography.

The authors claimed that detection bias due to mam-
mography did not influence their results. Yet most of
the included studies had no data on mammography,
and when they did, no distinction was made between
mammograms used for screening, as against their use
in diagnostic work-ups of women with already sus-
pected or diagnosed breast cancer.

There was evidence of detection bias in the CR data:
“cancers diagnosed in women who had ever used HRT
tended to be less advanced clinically than those diag-
nosed in never-users”, and among current HRT users,
only the risk of localised breast cancer was increased.
The authors acknowledged that detection bias due to
“more frequent mammographic or other examina-
tions” could have accounted for those findings in the
case-control studies, but asserted that this was unlikely
because “the results were similar in prospective stud-
ies, where no such bias could have occurred”. That
assertion was incorrect: in both the case-control and
prospective studies it is likely that mammographic
screening would have been more common among HRT
users than among non-users, and that the mammograms
could also have been more intensively scrutinised.

The decline in the risk of breast cancer with increas-
ing BMI was further evidence of detection bias (see
Internal consistency): on average, the more obese
a woman is, the larger are her breasts, and the less
likely is it that otherwise occult breast cancer will be
detected.

Among HRT users whose cancer had spread beyond
the breast, the authors stated that the absence of an
increase in the risk was “largely because women who
began using HRT in the 5 years before their cancer
was diagnosed had a low [RR] of spread (sic) dis-
ease (RR 0.59; 2p = 0.001)”, but the risk neverthe-
less increased with increasing duration of use (trend
test, 2p = 0.007). Under a causal hypothesis HRT
cannot at the same time increase the risk of localised
disease, but decrease the risk of widespread disease
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(see Internal consistency). And how the use of HRT
that commenced in the 5 years before diagnosis can
have brought about a statistically significant 1.69-fold
reduction (1.00/0.59) in the risk of advanced breast
cancer was not explained. In addition, for advanced
disease the duration-response effect was identified
post hoc in a subgroup analysis: although it was statis-
tically significant it could nevertheless have been due
to chance, or possibly, to repeated screening (see Dose/
duration-response).

Itis likely that there was still a further source of detec-
tion bias. In both the case-control and cohort studies,
women who were already aware that they had breast
lumps, and who were also users of HRT, could selec-
tively have tended to enrol in the studies, and again
that tendency has been documented with quantitative
evidence.’ 2 It is also likely that in the cohort studies
women who became aware of breast lumps would less
commonly have been lost to follow-up.

How much detection bias would it have taken to
account for the findings? The investigators estimated
that among women between the ages of 50 and 70 years
the use of HR’ . for about 13 years would result in
one extra cancer being diagnosed in every 100 users”.
Hence, if detection bias augmented the number of
diagnosed cases of breast cancer by about 0.08 per
100 users per year, that bias would have accounted for
the association (1/13 = 0.08).

Table 1 Distribution of potentially confounding
factors among ever-users of hormone replacement
therapy in the Collaborative Reanalysis

Cases Controls
(n=5482)* (n=12 348)*
Known'* Known*
Factor (% unknown) (% unknown)
Controlled?
Age at diagnosis 3692 (32.7) 8076 (34.6)
Parity 3679 (32.9) 8038 (34.9)
Age at first birth 3018 (44.9) 6860 (44.4)
Time since menopause’ = =
Body mass index 3334 (39.2) 6860 (44.4)
Other"
Family history 3470 (36.7) 19(37.5)
Ethnic group 3041 (44.5) 7128 (42.3)
Education 3600 (34.3) 7899 (36.0)
COC use in past 10 years 3344 (39.0) 7267 (41.1)
Alcohol 2692 (50.9) 4899 (60.3)
Smoking history 3167 (42.2) 6133 (50.3)
Type of menopause 3692 (32.7) 8076 (34.6)

*Denominators from Figure 3 in the CR report.
“Numerators from Figure 6 in the CR report.

*Potentially confounding factors controlled by stratification.
$Data not provided in the CR report.

I0ther potentially confounding factors.

COC, combined oral contraceptive.
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Confounding

The authors stated that “data on individual women
were sought so that analyses could, as far as possible,
use similar definitions across studies”. What is meant
by “as far as possible” is open to different interpreta-
tions, and in the different studies some variables (e.g.
family history of breast cancer, history of hysterec-
tomy, alcohol consumption) were recorded differently.
There can be no reassurance that the definitions were
indeed similar.

Not only were the variables differently recorded in
the different studies, commonly they were not recorded
at all. Unknown values for potentially confounding
factors were not mentioned in the CR report, but for
ever-users of HRT they can be derived from Figures 3
and 6 (Table 1: our calculations). Among the factors
controlled in the CR analysis information was miss-
ing for 32.7-44.9% of the exposed cases and controls.
Among other potential confounders listed in the table,
the corresponding range was 32.7-60.3%.

As mentioned above, based on respective rates of
ever-use of HRT of 30.5% and 34.4% among the
cases and controls, the crude RR was 0.84, while the
adjusted RR was 1.14. The shift in the RR was not
explained, but presumably it was due to adjustment for
confounding. However, since information was missing
for at least 30% of all the potential confounders listed
in Table 1, that adjustment was inadequate.

In other studies,”’*' when individual factors have
been allowed for, the effect on the RR estimates has
generally been minor (see, for example, Newcomb
et al.’'). In the CR, however, full allowance for the
combined effect of multiple variables could not be
made because of missing information, and substantial
confounding could not be ruled out. In addition, the
RRs were so small (see Statistical stability and strength
of association) that even relatively minor uncontrolled
confounding could have accounted for the findings.

Statistical stability and strength of association

In order to interpret the statistical significance of the
findings in the CR report it is helpful first to consider
two hypothetical studies, one small and one massive.
Assume that the same RR is observed in both. In the
small study, if it is small enough, the RR is not statisti-
cally significant; in the massive study, if it is massive
enough, it is. Assume further that the association is not
causal, but due to bias or confounding — and in a meta-
analysis that all or most studies share much the same
biases. Then if a massive study is sufficiently massive,
any deviation of a RR from 1.0, no matter how small,
becomes ‘significant’.

The strength of an association is also a determi-
nant of statistical significance. If a RR is markedly
elevated, say 5.0 or greater (‘large RR’), it can readily
be shown to be significant in a relatively small study,
and be confirmed in a few more studies. But if it is
only slightly elevated, say well under 2.0 (‘small RR’),
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it takes a massive study to show that the association is
significant.’?

No epidemiological study is perfect, and it is almost
never possible to be confident that bias or confound-
ing can be ruled out entirely. However, in a well-con-
ducted study, when a RR is large, it may be reasonable
to judge that it might perhaps be reduced, but not be
obliterated, even if it were possible to entirely eliminate
all sources of bias and confounding. But if an associa-
tion is small it may be impossible to judge. In the latter
circumstance, ‘statistical significance’ may not equate
with causality: given a massive amount of data, all that
may be accomplished is to rule out chance as one pos-
sible explanation, but not bias or confounding.

In the CR the RRs for HRT use were small, mostly
<1.5. As mentioned above, for ever-use the unadjusted
RR was 0.84, and the adjusted RR was 1.14. Since
the shift in the RR of 0.3 (1.14-0.84) indicates that
controlled sources of confounding of that magnitude
occurred in the CR data, it is reasonable to infer that
other uncontrolled sources could have changed the RR
estimate, upwards or downwards, by about the same
amount. It follows that confounding due to incom-
pletely controlled or uncontrolled factors, such as
obesity, socioeconomic status, or ethnic group, could
have accounted for the association (see above). It also
follows that information or detection bias could have
accounted for it (see above).

Dose/duration-response

Under a promotional hypothesis it might reasonably
have been expected that the use of HRT would confer
a greater risk of breast cancer, the higher the dose, or
the longer the duration of use.

Dose

The doses in the different studies changed over time,
and varied geographically. Often the doses were not
recorded; sometimes not even the names of the com-
pounds were recorded. The compounds that were used
also changed over time, and they varied in their estro-
genic and progestogenic potency, so that stipulation of
dose equivalence would in any case not have been fea-
sible. In short, dose-response was not evaluated.

Duration

Among women who last used HRT within 5 years of
diagnosis it was claimed that the risk of breast cancer
increased with increasing duration of use (for use that
ended >5 years previously no duration effect was appar-
ent). However, the statistical significance of the duration
effect may have been incorrectly estimated.** ** In any
analysis of HRT use versus non-use the relevant refer-
ence category should, of course, be never-use. However,
in further assessing whether increasing duration of use
is associated with a progressively increasing RR, the
question is not whether, relative to never-use there is
a statistically significant trend, but whether, relative
to the shortest duration of use (in the present instance
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<1 year), there is a significant duration-dependent gra-
dient of increasing risk. For the latter analysis never-use
is irrelevant, and it should be omitted.

Not only was the duration trend incorrectly assessed,
but among women last exposed within 5 years of diag-
nosis all 99% floated Cls overlapped, and there were
no statistically significant differences between any two
duration categories. At the extreme, the RR of 1.56 for
>15 years of use did not differ significantly from the
RR of 0.99 for <1 year of use. In addition, the trend
was not monotonic: the RR of 1.24 for 10-14 years of
use was lower than the RR of 1.31 for 5-9 years of use.
And still further, even if the trend was correctly esti-
mated, it could still have been accounted for by detec-
tion bias due to repeated screening (see above).

It follows that the claim that among women last
exposed within § years of diagnosis there was a 2.3%
cumulative increase in the incidence of breast cancer
attributable to the use of HRT with each additional
year of use was not supported by the evidence.

Internal consistency

As described above, among women who used HRT in
the 5 years before the index date the RRs among cat-
egories of BMI, and among women with localised and
advanced breast cancer, were inconsistent.

External consistency

Among the 51 studies included in the CR the RRs were
not statistically heterogeneous. However, tests for het-
erogeneity among studies are not robust.'” 35 Studies
vary in quality, quality cannot be quantified, and in the
absence of statistically significant variability, any judge-
ment as to whether or not they are heterogeneous must
necessarily be qualitative. Bush and her colleagues con-
ducted a qualitative review of all studies (largely the
same as those included in the CR) of breast cancer risk
in relation to the use of HRT, published from 1975 to
2000.? They judged the findings for ever-use of HRT
to be inconsistent. They concluded that “although a
small increase in breast cancer risk . . . or an increased
risk with long duration of use (>15 years) cannot be
ruled out, the likelihood of this must be small, given
the large number of studies conducted to date”.

In the CR >80% of the HRT use was conjugated
estrogen without an added progestogen, and the
increased risk identified in the CR was inconsistent
with the WHI study of estrogen use,*® in which the
risk of breast cancer was significantly decreased among
women who adhered to treatment.

Biological plausibility

For causation to be fully confirmed, any observed asso-
ciation should be compatible with established patho-
logical mechanisms. Under a promotional hypothesis,
the underlying assumption is that HRT accelerates the
multiplication of initiated cells, so that clinically evi-
dent breast cancer develops sooner than would other-
wise be the case (and it is speculated that HRT may also
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accelerate the growth of otherwise slowly growing can-
cer that is already present).'® " Therefore estrogens, and
probably progestogens as well, as known proliferative
factors could possibly enhance the median tumour dou-
bling time, assessed for the most aggressively multiplying
cells to be about 50-100 days,' 37 and it is generally
accepted that 30-35 doublings are required to attain a
tumour diameter of 1 cm, which is about the smallest
lesion that can be diagnosed clinically. Thus on average
at least 5-10 years will have elapsed from tumour initia-
tion in a single cell to the time of diagnosis.

Once malignant transformation has occurred, breast
cancer, especially if already invasive, cannot ‘untrans-
form’ when HRT is stopped. It is important to stress
that the outcome under study was invasive, not prein-
vasive, breast cancer. In the CR, the risk of invasive
cancer began to decline immediately, and it was no
longer increased 5 years after stopping HRT. At most,
it can perhaps be speculated that carcinoma i situ may
occasionally revert to a premalignant state, although
this has still to be proven.' ' But it is not conceivable
that invasive cancer can do so. Alternatively, it may be
speculated that some invasive tumours may cease to
grow after stopping HRT, or only grow slowly,'® " but
in that case such tumours would still be detected by
mammography — and women who stop would not at
the same time stop having mammograms.

In one respect the findings were perhaps biologically
plausible, since increased radiological breast density is
associated with an increased risk of breast cancer.?*¢
However, it has not been shown that the increased
density specifically induced by HRT increases the
risk.? 340 In addition, as noted above it is likely that
detection bias was most marked among women with
increased breast density who also used HRT.

Conclusions

The meta-analysis reviewed here was termed a ‘CR’
because the ‘raw data’ from the individual studies were
obtained, standardised to the degree possible, and only
then synthesised. In carrying out those procedures
the original investigators were consulted. The impli-
cation is that the CR was therefore more valid than
meta-analyses, which have synthesised only published
data. The evidence, however, is that it was not valid,
despite standardisation and consultation. In terms of
time order, bias, confounding, statistical stability and
strength of association, dose/duration-response, inter-
nal consistency, external consistency and biological
plausibility, the study was defective.

We conclude that CR did not adequately satisfy the
principles of causation. HRT may or may not increase
the risk of having breast cancer diagnosed, but the CR
did not establish that it does.
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