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Observational and randomized controlled trial data have extensively examined the relationship between
menopausal hormone therapy (MHT) and risk of developing breast cancer. A highly influential study from
the Women’s Health Initiative (WHI) in 2002 reported that a MHT regimen of conjugated equine estrogens
and medroxyprogesterone acetate increased the risk of breast cancer by 26%. Later reports from the WHI
indicated that a MHT regimen with conjugated equine estrogens alone decreased the risk of breast cancer
by 23%. Critical re-examination of the WHI study noted that the average participant age was 63, that
few women had symptoms, and that the WHI results might not apply to younger, symptomatic women
shortly after menopause. Since the original publications, several post hoc analyses and observational
studies have stimulated reconsideration of the WHI findings. Emphasis has been directed toward risks in
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The goal of this treatise is to integrate available mechanistic and clinical information related to the use
of estrogen alone or estrogen plus a progestogen for five years or less. These data suggest that estrogen
alone neither decreases nor increases risk in younger women initiating therapy close to the time of
menopause but decreases risk in older women. Both younger and older women experience an excess
risk with estrogen plus a progestogen. The attributable risk in younger women is less in those with a low
underlying Gail Model risk score. Effects of MHT on risk largely reflect actions on pre-existing, occult,
undiagnosed breast cancers. Tumor kinetic models suggest that the pro-proliferative effects of estrogen
plus a progestogen on occult tumors provide a mechanistic explanation for the increased risk with this
therapy. Pro-apoptotic effects of estrogen alone may explain the reduction of breast cancer in women
starting this therapy at an average age of 63 as reported in the WHI study.

This article is part of a Special Issue entitled ‘Menopause’.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

The role of menopausal hormone therapy (MHT) to potentially
increase the risk of breast cancer is an important issue for recently
menopausal, symptomatic women considering use of this therapy.
Over a period of two decades, observational studies have reported
conflicting findings regarding breast cancer risk related to MHT
which has resulted in substantial controversy |[1]. However, a large
meta-analysis of observational data published in 1997 provided
convincing evidence of increased risk and identified five impor-
tant factors which had confounded previous individual studies [2].
These confounding factors included: (a) The relative risk of breast
cancer from MHT is small and large studies with a long duration
of follow-up are required to minimize Type I and Type II statistical
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errors. (b) The risk of breast cancer increases linearly with duration
of MHT use. Accordingly, comparisons of “ever users” with “never
users” are invalid since duration of estrogen use is not considered.
(c) The increased risk of breast cancer imparted by MHT dissipates
within 4 years of cessation of therapy. Therefore, only women using
MHT within four years of study might be found to be at increased
risk. (d) Breast cancer risk also diminishes over a four year period
following the menopause, presumably as a reflection of decreased
estrogen and progesterone levels. As a result, analyses of obser-
vational studies need to match users versus non-users as to time
following menopause. (e) The increased risk of breast cancer from
MHT is higher in lean women. Inclusion of a large proportion of
obese women in a single study might then obscure associations
between MHT use and breast cancer risk.

The large, randomized Women’s Health Initiative trials (see
Box 1) then confirmed the conclusions of the meta-analysis and
added additional information about individual subgroups. First
published in 2002 the WHI reported that menopausal hormone
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Box 1

Characteristic Estrogen alone arm

Estrogen alone arm

Estrogen plus
progestogen arm

Estrogen plus
progestogen arm

Hormone/placebo Placebo Conjugated equine Placebo CEE 0.625 mg plus
estrogen (CEE) medroxy-progesterone
0.625mg acetate

Number randomized 5429 5310 8102 8506

Average age 63.6 63.6 63.3 63.2

BMI 30.1 30.1 28.5 28.5

Prior hormone use 39% 38% 26% 26%

Study duration years 6.8 6.8 5.2 5.2

Drop out rate 45% 45% 28% 31%

Drop in rate 8% 7% 9% 5%

References: E alone arm [3,51].

therapy (MHT)! with estrogen plus a progestogen increased the
risk of breast cancer by 26% (RR 1.26, CI 1.00-1.59) [3]. Subsequent
to that time, the WHI findings have been re-analyzed and new
data obtained which have modified the overall conclusions of both
the estrogen alone and combined estrogen plus progestogen arms
of the studies. Concomitantly, extensive molecular, biologic and
pathophysiologic studies have added clarity to our understanding
of the mechanisms underlying the WHI findings.

Re-interpretation of the MHT data after its initial publication in
2002 was considered necessary since the average age of women
entered into the WHI trials was 63 and only a limited number of
women experienced symptoms and particularly those related to
vasomotor instability [3-6]. Most importantly, the original data did
not separately assess risks and benefits in the group of women most
likely to be considering MHT, those just entering menopause and
experiencing significant symptoms. It should be emphasized that
the WHI utilized only oral conjugated estrogens plus one synthetic
progestogen (MPA) and not estradiol given orally or transdermally
nor progesterone or other synthetic progestogens. Finally the popu-
lations of women in the estrogen (E) alone and E plus progestogen
(E+P) studies differed. The E alone study entered women who
had previously undergone a hysterectomy. Nearly half of these
women had a concomitant bilateral oophorectomy. Accordingly,
the differences reported between the two studies could reflect the
differences in populations as well as hormones used.

This treatise will review mechanistic data as well as recent
risk/benefit data in women closer to the onset of menopause and
specifically those <60 years of age or <10 years post-menopausal.
The initial sections of this review will examine the biology and
pathophysiology underlying the risks of breast cancer from MHT.!
The later sections will focus on studies published since the original
WHI publication which address these risks in younger women.

2. Biology and pathophysiology
2.1. Breast cancer

2.1.1. Background

The associative relationship between estrogens and breast can-
cer is supported by experimental evidence in a variety of animal
systems and by epidemiologic data in women [7,8]. While the
causes of breast cancer are diverse and include hormonal, genetic,
environmental, and aging factors, estrogens play a key role. The
two strongest pieces of associative evidence implicating estrogen

! The author has chosen to utilize the term menopausal hormone therapy (MHT)
in preference to HRT (hormone replacement therapy). Since “replacement therapy”
generally implies that all women should be given a hormone that is missing. The
author and most societies agree that the term HRT may not be appropriate.

in women are that: (a) removal of both ovaries before the age of
35 reduces the lifetime risk of breast cancer by 75% [9,10] and (b)
women have a 100 fold higher risk of breast cancer than do men.
This evidence is considered associative since the ovary also secretes
progesterone and the differences between men and women could
be related to a protective effect of testosterone. Additional epi-
demiologic data suggest that an increase in risk of breast cancer
is associated with enhanced estrogen exposure during a woman’s
lifetime. Pertinent factors include breast density [11]; plasma estra-
diol levels [12,13]; age at menopause, first live birth and menarche;
BMI; and MHT [14,15] (Fig. 1).

2.1.2. Mechanism of breast carcinogenesis

How estrogens cause breast cancer is not precisely known.
Both ER dependent and independent effects likely play contributory
roles [8,16] (Fig. 2). A widely accepted concept is that increased
cell proliferation results in enhancement of genetic mutations and
insufficient time for DNA repair [18,19]. Accumulation of a suffi-
cient number of “driver” gene mutations results in de novo cancers
[20]. Estrogen, acting through ERa, directly stimulates proliferative
genes and growth factor production which collaborate to enhance
the rate of cell growth. The effects of ERa occur through both
nuclear and extra-nuclear actions [21].

Evidence is accumulating that ERa independent effects con-
tribute to the carcinogenic process but definitive proof is as
yet lacking. Through Cyp1A1, estrogens are enzymatically con-
verted to 2-OH-catechol metabolites that damage DNA by forming
stable DNA adducts (Fig. 2). By an alternate CYP1B1 pathway,
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Fig. 1. Estrogen related risk factors for breast cancer. Risk factors for breast cancer
related to clinical aspects that are associated with an increased chronic exposure to
estradiol and expressed as relative risks (RR).

Figure adapted from the review of E. Amir et al. [83] and published in the article by
Yager et al. [16]. Reproduced with the permission of the Endocrine Society.
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Fig. 2. Estrogen dependent and independent mechanisms of estradiol induced carcinogenesis.
Taken from the article by Yager et al. [16] and reproduced with permission of the Endocrine society.

estrogens are hydroxylated to 4-OH-catechol-metabolites which
form unstable adducts by binding to adenine and guanine on the
DNA backbone. These adducts rapidly undergo cleavage from their
respective DNA sites, a process called depurination [17]. This leaves
“naked” sites on DNA which result in point mutations through error
prone DNA repair. Via another mechanism, 40H-estradiol under-
goes redox cycling, generating oxygen free radicals [8]. Direct DNA
damage results from formation of 8-0X0O-dGuanine (8-0X0-dG)
which itself is unstable, leading to depurination and point muta-
tions.

Extensive data supporting the ER independent genotoxic path-
way are provided by experimental studies demonstrating that
estradiol and 4-OH-estradiol can induce mutations, anchorage
independent colony growth, loss of DNA heterozygosity, and trans-
plantable tumors in ER negative benign breast cell lines [17-21].
The strongest experimental evidence involves the administration
of E2 to ovariectomized, ERa-knock out/Wnt-1 double transgenic
mice. In a dose-response fashion, E2 enhances the time of onset
and incidence of tumor formation in these animals [22].

Data from women also suggest a role for direct carcinogenic
effects of estrogen metabolites. The breast preferentially converts
estradiol to the 4-OH-genotoxic metabolites in situ [23] in normal
women. Increased urinary and plasma levels of these metabolites
are associated with an enhanced risk of breast cancer [24-26]. In
women with BR Ca 1 mutations, oophorectomy reduces cancer

incidence even though the tumors are primarily ER. In the WHI
E+P arm, MHT increased ER— as well as ER+ tumors as evidence of
an ER independent effect [27]. In the EPIC study, estradiol levels in
the top quintile were associated with an increased risk of ER—/PR—
breast cancer (RR 2.11 CI 1.00-4.46) as well as ER+/PR+ (RR 2.91 CI
1.63-5.23) [28]. Taken together, the data suggest a combined role
of ER dependent and ER independent mechanisms to induce muta-
tions. As suggested by Hanahan and Weinberg [29], accumulation
of a sufficient number of mutations in key carcinogenic pathways
results in neoplastic transformation [29,30]. Genetic, environmen-
tal, and other factors not related to estrogen undoubtedly play a
role in the carcinogenic process as well.

2.1.3. Protective effects of estrogen

The WHIE alone study reported a significant reduction in breast
cancer risk in women taking conjugated equine estrogen (CEE) for 7
years and then stopping for an additional 4 years [31]. As described
in detail later in this manuscript, this effect may be due to estrogen
induced apoptosis in occult breast tumors too small to be detected
by mammography at the start of the study.

2.1.4. Progestogens

The mechanistic role of progestogens in mammary carcino-
genesis is less clear since cell culture and animal experiments
demonstrate both proliferative and anti-proliferative effects of
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Fig. 3. Level of free plasma estradiol and breast cancer risk. Free estradiol refers to
non-sex-hormone binding globulin (SHBG)-and albumin bound estradiol and not to
unconjugated levels. Estradiol levels are divided into quintiles from the lowest (first
quintile) to the highest quintile (fifth quintile).

The data are taken from two studies from Key et al. [12] and the EPIC study [13].
Reproduced with the permission of the Endocrine Society.

these hormones [32]. In women, however, synthetic progestogens
and particularly the CEE/MPA combination are pro-proliferative
[32]. As evidence, the terminal duct lobular unit, thought to be the
site of cancer initiation, is stimulated to a greater extent by CEE plus
MPA than by CEE alone in women [33]. Recent data suggest that
progestogens may also promote the conversion of differentiated
cancer cells into cancer stem cells and thus amplify the carcinogenic
process [34].

2.2. Mechanisms explaining epidemiologic links of estrogen to
breast cancer

Obesity is associated with an increased risk of breast can-
cer in post-menopausal women [7,35]. This effect is attributed to
increased aromatase activity in adipose tissue with consequent
enhancement of estrogen production. Mechanistic data suggest
that increased leptin associated with obesity reduces AMP-kinase
activity [36] and through downstream mechanisms involv-
ing CRTC2 increases aromatase transcription. In pre-menopausal
women, obesity disrupts cyclic menstrual function, lowering inte-
grated estradiol production, and thus is not associated with
increased breast cancer risk [35]. The elevated insulin levels associ-
ated with obesity have also been linked to breast cancer as insulin
is a growth factor for breast cancer cells [37].

2.2.1. Plasma estrogens

Epidemiologic studies have shown an increased risk of breast
cancer with increasing levels of free estradiol [12,13] (Fig. 3). In
an important new study, Tworoger and Hankinson et al. demon-
strated that a weighted score, incorporating several estrogens and
their metabolites provided increased power to predict the devel-
opment of breast cancer than individual hormone measurements
[38]. The relative risk of breast cancer in the top quintile versus
bottom quintile with this integrated score was 3.0 (CI 1.8-5.0) and
for ER+ disease 3.9 (CI 2.0-7.5). This is to be compared with RRs of
2.4 (CI 1.4-4.1) for all cancers and 2.9 (CI 1.4-5.9) for ER+ disease
when plasma E2 alone is measured. While potentially very useful,
confirmation of this method in much larger studies is now required.

2.2.2. Tissue estrogen levels

Production of estrogen directly in the breast rather than uptake
from plasma may be important in the carcinogenic process in
post-menopausal women. The ratio of tissue to plasma estradiol
is higher in post-menopausal than in pre-menopausal women [39]
suggesting a role for in situ production [40-44]. A recent study cor-
related the estrogen message signature by c-DNA array analysis
in breast with the level of plasma E2 [45] and suggested an equal

contribution from local synthesis and ER mediated uptake. This
issue is biologically important since it may be possible to develop
breast tissue specific inhibitors of aromatase [36].

2.2.3. Mammographic density

Breast density is associated with a greater risk of breast cancer
than family history or other known factors (Fig. 4) [11]. Estrogen
alone and to a greater extent, estrogen plus a progestogen, cause an
increase in breast density [46]. The mechanism for the association
with breast cancer risk with breast density is unknown but recently
was postulated to result from an increase in tissue synthesis of
estrogen from aromatase in dense tissue [47].

2.3. Re-assessment of the risks and benefits of MHT

2.3.1. Weighing of evidence

Substantial flaws resulting primarily from unappreciated biases
frequently confound interpretation of observational studies. Well-
designed randomized controlled trials (RCTs) allow definitive
answers to clinical questions but flaws in their design can also
complicate interpretation. Plausible, comprehensive, and repli-
cated observational data and meta-analyses can provide substantial
support for less than definitive RCTs. Based on this reasoning,
assessment of data from studies of MHT requires careful weighing
of the type and quality of available evidence [48,49]. In this treatise,
the well characterized GRADE system is utilized for assessing level
of evidence (see Box 2).

2.3.2. Expression of data as excess benefits and risks

The specific methods used to describe the endpoints reported
in published studies of MHT confound the process of benefit/risk
assessment. Various publications have described relative, absolute,
or excess risks and examined time-frames ranging from one to
20 years. The initial WHI trial [3] and observational studies [14]
primarily reported relative risks (RR), a statistic relating the per-
cent increment in an event in one population to that in another.
Other studies report absolute risk which describes the number of
events ina population of given size. Relative risk provides meaning-
ful information to an individual patient only when absolute risk is
high but not when low. As an illustrative example, the risk of dying
from a plane crash might have risk of one in 1,000,000 flights. The
relative risk from taking five plane trips would increase by 500%
but the absolute risk would be trivial. Excess (or attributable) risk
subtracts the absolute risk in an untreated control group from that
in a treated population [50]. For an individual woman, excess risk
or benefit is a more meaningful statistic since it represents an esti-
mate of what she can expect to experience as a result of taking
MHT. Based on this reasoning, the majority of data in this treatise
are converted to excess risk or benefit [14]. The duration of use is
also a key component in analysis. As women choosing MHT at the
time of menopause can be expected to continue this therapy for a
period of about 5 years, the statistics in this treatise are calculated
on the assumption of 5 years of use.

2.4. WHI and other data

2.4.1. Level of evidence

The WHI E alone and E+P trials enrolled women whose aver-
age age was 63 (Box 1). Only 3.5% had recently entered menopause.
Specifically, only 574 of the 16,608 women were in the 50-54 year
old age range in the WHI E+P trial [14]. Because the average age
was 63, few women were symptomatic [5]. Drop-out rates approx-
imated 30% in the E+P trial [3] and 45% in the E alone arm [51].
Drop-in rates (i.e. those in the placebo arm who initiated MHT
outside of the trial) approximated 5-9% [3,51]. In addition, 26% of
women in the E+P trial and 38-39% in the E alone trial had used
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Box 2: Level of evidence by GRADE scale [48]

Grade Clarity of risk/benefit

Description of supporting evidence

Implications

A Benefits clearly outweigh risk
or vice versa

B Benefits clearly outweigh risks
or vice versa

Consistent evidence from well-performed or
exceptionally strong evidence from unbiased
observational Studies.

Evidence from RCTs with important limitations
(inconsistent results, methodologic flaws, indirect
or imprecise evidence) or unusually strong

Recommendations apply to most patients under
most circumstances. Further research is unlikely to
change confidence in the estimate of effect
Recommendations apply to most patients under
most circumstances. Further research is likely to
have an impact on confidence in estimate of effect

C Benefits clearly outweigh risk
or vice versa

D Benefits clearly outweigh the
risks or vice versa
indirect evidence.

evidence from unbiased observational studies.
Evidence for at least on critical outcome from
observational studies, from RCTs with serious
flaws, or indirect evidence.

Evidence for at least one of the critical outcomes
from unsystematic clinical observations or very

and may change the estimate.

Recommendations may change when higher
quality evidence becomes available. Further
research is very likely to have an important impact
on confidence in the estimate of effect and likely to
change the estimate.

Recommendations may change when higher
quality evidence becomes available. Any estimate
of effect, for at least one critical outcome, is very
uncertain.

MHT previously and then underwent a 3 month wash out period
prior to study entry. Notably, outcomes differed in those never pre-
viously receiving hormone therapy (“MHT naive”) when compared
to prior or current users [52]. These considerations, taken together,
led the Endocrine Society in its Scientific Statement to downgrade
the WHI E alone and E+P trial results to level B evidence [14].
Nonetheless, with level B evidence, the overall conclusions are not
expected to change with additional studies, only the magnitude of
the effects.

3. Breast cancer and MHT
3.1. Original findings of the WHI E + P arm

The first publication of the WHI E+P study in 2002 reported
a 26% increase in relative risk of breast cancer in women previ-

ously exposed to hormone therapy. Surprisingly, no increase was
reported for the 74% who had never taken hormone therapy prior

to randomization (i.e. “MHT naive” group) (RR 1.09 CI 0.86-1.40)
[52] (Fig. 5). Tumors diagnosed in women receiving E+P in the
WHI were larger than those in women receiving placebo with a
higher percent with nodal involvement [52,53]. It is likely that a
“masking effect” provided at least a partial reason for this obser-
vation. MHT increases breast density, an effect which masks the
ability to detect smaller tumors. The increase in nodal involve-
ment remains unexplained but has been suggested to represent an
effect of progestogens to increase tumor invasiveness. This pos-
sibility is supported by in vitro and in vivo xenograft data but
remains unproven in women [34]. The 11 year follow-up of the
WHI E+P arm also reported a slight increase in death rate in
the MHT group (i.e. 0.63 extra deaths per 1000 women over 5
years). All-cause mortality was also slightly higher in the E+P
group (1.07/1000/5 years) [54]. These effects could reflect a pro-
motional effect of E+P, enhancement of the number of stem
cells, an increase in invasiveness or a combination of these fac-
tors.
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Fig. 4. Relative risk of breast cancer as a function of the degree of mammographic density. Relative risks represent the top quintile versus the bottom quintile of values in

the population studied. *P<0.001. Data derived from the study of Boyd et al. [84].
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Fig. 5. Incidence of breast cancer as a function of prior hormone therapy. Risk of breast cancer in WHI participants who were “MHT naive” (i.e. no prior hormone use) in the

left panel and with prior hormone use in the right panel [52].
Reproduced with the permission of the authors and publisher.

3.2. Original findings in the WHI E alone arm

This study, limited to women with a prior hysterectomy, para-
doxically reported a non-statistically significant trend toward
reduction in breast cancer risk (RR 0.80 CI1 0.62-1.04) [4]. While ini-
tially considered a chance finding, post hoc subset analyses found
that the reduction was statistically significant in three subgroups:
(a) women adherent to taking the assigned medication (RR 0.67
Cl 0.47-0.97), (b) those developing in situ tumors (RR 0.69 95% CI
0.51-0.95) and (c) ductal tumors (RR 0.71 CI 0.52-0.99). After 11
years of follow-up in women taking E alone for 7 years and then
stopping for 4 years, the reduction became statistically significant
for the entire group (RR 0.77 CI 0.62-0.95) [31]. Interestingly, this
reduction in risk was not seen in those who had taken prior hor-
mone therapy (RR 0.98 C10.67-1.44) [4,52]. These findings provide
reassurance that estrogens alone would be safe for hysterectomized
patients, at least for a period of 7 years of use (i.e. the period of
observation in the WHI study).

3.3. Perspective

Much emphasis has been placed on the risk of breast cancer
from MHT. However, it is important to put these risks into proper
perspective and consider the magnitude of the excess risks if MHT
is taken over a five year period. For E + P, 7 extra breast cancer cases
would be expected in 1000 women. For E alone, no extra breast
cancer cases would be predicted. On this basis, the breast cancer
risks from E+P for 5 years can be considered relatively uncom-
mon and from E alone, non-existent. It is pertinent to point out
that the overall data from the WHI are not very relevant to clinical
practice since the average age of women in the WHI was 63. In clini-
cal practice most women initiate MHT shortly after the menopause.

No pre-designed, randomized, controlled data are as yet available
to determine breast cancer risks in women of this age group.

3.4. Younger women

As the average age of women in the WHI was 63, a key question
arose whether women starting E +P shortly after the menopause
and at ayounger age would experience similar risks. Data suggested
that the risk might be higher in younger women. The term “GAP
time” was introduced to describe the duration between onset of
menopause and start of MHT. Short GAP referred to the initiation
of MHT within 5 years after menopause onset and long gap, 5 or
more years [55]. In the “MHT naive “group (i.e. no prior hormone
therapy), the RR was 1.77 CI 1.07-2.93 in those with a short gap (i.e.
<5 years since menopause) and 0.99 (CI 0.74-1.31) in those with a
long GAP (i.e. >5 years). The onset of an increase in breast cancer
occurred within 3-5 years of initiation of use [14]. For E alone, no
reduction in risk occurred in the Short Gap “MHT naive” patients
(RR1.12C10.39-3.21) as was observed in the Long Gap “MHT naive”
women (RR 0.58 CI 0.36-0.93) [56]. Individual observational stud-
ies and meta-analyses generally support the WHI data in younger
women [14,57,58]. The level of evidence for the women initiating
MHT shortly after menopause is considered level B based on the
consistency of observational data.

3.5. Effects of other factors on risk

Observational data suggest that obese women experience a
lesser risk from MHT than their lean counterparts. The Million
Women Study reported a relative risk of breast cancer of 2.30
CI 2.12-2.53 in women with a BMI of <25 kg/m? versus 1.78 CI
1.64-1.94 in those with a BMI of >25 [59]. The large collaborative
group observational study reported a similar effect [2]. It has been
suggested that this might explain the somewhat higher relative



58 R.J. Santen / Journal of Steroid Biochemistry & Molecular Biology 142 (2014) 52-61

risks reported from European studies in women who are generally
leaner than their North American counterparts [14]. Other studies
suggest that the risk of breast cancer is increased in women who
experience breast pain on initiation of MHT [60].

3.6. Effects of underlying risk of breast cancer on individual risk

The relative risks of breast cancer as determined by the Gail
model have been found to be similar among women at low, inter-
mediate or high absolute risk. For example, reported RRs were 1.19,
1.29, and 1.25 for those with Gail scores of <1.25, 1.25-1.75, and
>1.75% respectively [27]. However it is important to consider abso-
lute or attributable risks rather than relative risks. This finding is
highly relevant when counseling women in the clinical setting. For
example, if the underlying absolute risk as determined by the Gail
model is 1% at five years (10/1000 women) and the relative risk
is 1.29, then the excess risk is 2.9/1000. With a Gail model score
of 5% (50/1000) the excess risk is 16/1000. This reasoning supports
the recommendation to calculate risk of breast cancer in all women
considering the use of MHT.

3.7. Class effects

The risk of breast cancer from estrogen or progestogens has
generally been considered a class effect since nearly all types of
estrogen and progestogen have been associated with increased
risk in observational studies. For example, in the EPIC study, no
difference in breast cancer risk was observed between CEE and
estradiol (RR 1.15, CI 0.78-1.69) [61]. However, French investiga-
tors have long held the view that progesterone itself has certain
different properties than the synthetic progestogens. “The E3N
study reported that estradiol plus progesterone or dydrogesterone
used for five years or less were not associated with increased breast
cancer risk (RR 1.00 CI 0.83-1.22 for estrogen plus progesterone
and 1.22 CI 0.83-1.72 for estrogen plus dydrogesterone). In con-
trast, women using estrogen plus other progestogens experienced
an increased risk (for example, RR 1.69 CI 1.50-1.91 for estrogen
plus medroxyprogesterone acetate) (level of evidence C). Longer
use of estrogen plus progesterone, however, did appear to increase
risk [62]. While these results require confirmation in other studies,
the data argue against a class effect and suggest that progesterone
or dydrogesterone may be associated with a reduced risk of breast
cancer compared to synthetic progestogens, With respect to the
estrogen components, no studies in women have directly com-
pared the risk of breast cancer from conjugated equine estrogens
(CEE), estradiol, estrone or other synthetic estrogens. While studies
in mice and in monkeys suggest that CEE has less of a proliferative
effect on breast than estradiol [63,64], no difference in breast cancer
risk has been observed in women [61].

3.8. Lowering of breast cancer incidence after cessation of MHT

After publication of the WHI, the percentage of women using
MHT worldwide dropped precipitously [65-69]. Concordant with
this reduction, the incidence of breast cancer in many but not all
countries fell in parallel [65,70]. This has suggested a cause and
effect relationship based on a decreased stimulatory effect of E+P
on occult tumor growth. It has been pointed out that many other
factors could explain the decline in incidence such as the imple-
mentation of breast cancer screening and change in types of MHT
used [65,71]. Some studies report a recent increase in breast can-
cer incidence even though there has been no contemporaneous
enhancement of MHT use, Nonetheless, after reviewing all data, the
Scientific Statements of the Endocrine Society and IMS concluded

that at least a component of the decline was caused by the cessation
of MHT [14,72].

3.9. Initiation versus promotion

A key question regarding MHT and breast cancer is whether
estrogens with or without progestogens initiate the process of
breast cancer or merely promote the growth of pre-existing tumors.
A series of 8 autopsy studies in women ages 40-80 reported a mean
prevalence of occult, undiagnosed breast cancers in 7% of otherwise
healthy women (1% invasive and 6% occult) [ 14]. The time required
for these tumors to reach the size needed for diagnosis on mammo-
grams depends on their doubling time [73]. The detection threshold
for mammographic detection ranges from 1.44 cm in women less
than age 40 who have dense breasts to 0.88 cm in those >70 who
have predominantly fatty breasts [73]. Bailey et al. reviewed exist-
ing literature and calculated doubling times for women older than
age 40[73]. The median doubling time approximated 200 days with
25-75% ranges from 100 days to 400 days. Using these data, we cal-
culated that only 6% of de novo tumors would reach the detection
threshold by 7 years, the duration of the WHI studies [74] (Fig. 6).
Accordingly, the major effect of MHT is likely to be exerted on
pre-existing occult, undiagnosed tumors, representing a promo-
tional effect rather than initiation of de novo tumors. On this basis,
MHT with E +P stimulates pre-existing tumors to grow faster and
to reach the diagnostic threshold earlier as a mechanism for the
increased breast cancer risk. Our model best describes the actual
data when assuming that E+P increases tumor growth rate from
doubling times of 200 days to 150 days (Fig. 7). While most of the
effects of MHT are on promotion, it should be emphasized that ani-
mal studies indicate that estrogens can also exert an initiation effect
of breast cancers as well [16].

The explanation for a reduction in breast cancer with E alone
may also rest on the biologic effects on occult, pre-existing tumors.
Data accumulated over the past ten years suggest that E can induce
apoptotic cell death in tumors deprived of estrogen long term
[75-78]. As the women in the WHI were of average age 63, 12
years past the menopause, their occult tumors were likely some-
what deprived of estrogen long term. We utilized our model to
predict the effect of estrogen alone on tumor incidence in the WHI
trial (Fig. 8). The assumptions were that estrogen alone caused
apoptosis in 30% of the ER positive tumor cells. The model accu-
rately predicts the observed findings. Of interest is that fact that
only the Long Gap “MHT naive” women experienced a reduction of
breast cancer with E alone whereas those previously treated did not
[52]. The Long Gap, “MHT naive” group can be considered to have
undergone long term estradiol deprivation. These data suggest the
hypothesis that estrogen induced apoptosis of pre-existing tumors
may have been the mechanistic explanation for the reduced risk
observed [14].

3.10. Effects of routes of administration of MHT

Regarding breast cancer, the large EPIC study found no differ-
ences between oral and cutaneous delivery systems [61]. Vaginal
estrogens exert local effects preferentially and are more efficacious
in relieving symptoms of urogenital atrophy than systemic admin-
istration [14,79]. However, some estradiol is absorbed systemically,
even from the vaginal ring which delivers 7.5 g of estradiol daily
[80-82]. The small amount absorbed systemically can exert bio-
logic effects since changes in bone density have been observed
in response to low dose vaginal estradiol but insufficient data on
breast cancer risk are available.
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Fig. 6. Menopausal hormone therapy stimulates proliferation of occult breast tumors. (A) The incidence of total tumors expressed as a percentage of the population which
reached the detection threshold over a period of 8 years compared with the incidence of de novo and occult tumors. The estimates are based on a biology based occult tumor
growth model [74]. (B) The incidence of total tumors expressed as a percentage of the population which reached the detection threshold over a period of 8 years compared
to the incidence of de novo and occult tumors as calculated by a computer based model [74]. The calculations were designed to assess the incidence of de novo and occult
tumors reaching the diagnostic threshold in women who were similar in age to those randomized to the WHI E alone and E +P trials.

Reproduced from Santen et al. [74] with the permission of the authors and publisher.

3.11. Dose-response effects

The relationship of dose to increased risk from MHT on any end-
point is unclear with no randomized, controlled trial evidence. The
large, observational, collaborative group analysis found no statisti-
cally significant relationship between dose and breast cancer risk
[2]. These data merit a level of evidence of C. Information regarding
MHT dose and heart disease or stroke are minimal.

3.12. Method of administration

New Epic study data on continuous versus episodic progesto-
gens examined the use of MHT and risk of breast cancer in a large
number of women in the European community [61]. This obser-
vational study provided evidence that the use of continuous E+P
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Fig. 7. Observed versus predicted breast cancers with combined hormone ther-
apy. The incidence of breast tumors predicted in the placebo and hormone arms of
the WHI E +P trial over a 5.2 year period as assessed by the biology based predic-
tion model. In comparison are shown the observed data in the placebo (plcb) and
hormone treated arms of the WHI E +P trial.

Data reproduced from Santen et al. [74] with the permission of the authors and
publisher.
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Fig. 8. Observed versus predicted breast cancers with estrogen alone. The incidence
of breast tumors predicted in the placebo and hormone treatment arms of the WHI
E alone trial over a 7.2 year assessment period using the biology based tumor model.
In comparison are shown the observed data in the placebo and hormone treatment
arms of this study.

Data reproduced from Santen et al. [74] with the permission of the authors and
publisher.

regimens is associated with a greater risk of breast cancer than
sequential regimens (level of evidence C).

4. Summary

The effects of MHT on breast cancer which occur in women
on MHT for five years or less primarily reflect hormonal actions
on pre-existing, occult, undiagnosed tumors. Biological based and
computer generated models suggest that only 6% of tumors diag-
nosed over a 5-7 year period occur de novo from initiation of a new
cancer. The remaining 94% represent small, occult, undiagnosed
tumors which grow to a size exceeding the diagnostic threshold.
Estrogen plus a progestogen increases the risk of breast cancer in
women initiating MHT at the time of menopause or only a few
years afterword. Estrogen alone does not increase this risk if taken
for 5-7 years. In contrast, women initiating estrogen alone for the
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first time ten or more years after the menopause experience a 23%
reduction in risk. The attributable risk from E+P in the younger
women is relatively small, approaching 7 women per thousand tak-
ing E+P for 5 years. Attributable risk from E+P is higher in those
with a higher underlying risk based on breast cancer risk prediction
methods. A reasonable conclusion is that women considering E + P
as MHT should have their underlying risk routinely assessed before
making a therapeutic decision. Unconfirmed data suggest that pro-
gesterone itself when combined with an estrogen might impart
a lower risk of breast cancer than use of synthetic progestogens.
Data obtained since the original WHI reports suggest a nuanced
approach in treating menopausal symptoms and that treatment
decisions should be based factors present in that individual
patient.
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