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Abstract

Breast cancer is the commonest cancer among women in the western 
world, accounting for up to 30% of all cancers in women. There is a 
long-standing controversy about the potential link to hormone replace-
ment therapy (HRT), with large observational studies suggesting that 
HRT increases the risk, while the Women’s Health Initiative (WHI), a 
prospective, randomized placebo-controlled trial, has reported several 
times over a period of 20 years that combined (estrogen and progesto-
gen) HRT increases the risk, while estrogen-only HRT given to women 
who have had a prior hysterectomy, is associated with a significantly 
reduced risk of developing breast cancer. Evidence from the randomized 
trial shows a significant reduction in both incidence of and mortality 
from breast cancer in women who took estrogen replacement therapy; 
this message needs to be presented clearly and robustly so that it can help 
women with decision making when considering HRT for menopause.
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Introduction

Traditionally, it has been thought that estrogens could play an 

important role in the pathophysiology of breast cancer, firstly 
because the female breast contains an abundance of estrogen 
receptors, and secondly because of the observation that estro-
gens can aggravate estrogen receptor-positive breast cancer [1]. 
Neither are sustainable as possible explanations since firstly, 
breasts are only one of many organs that are suffused with es-
trogen receptors (others include the brain, eyes, hair, nails, the 
skin, fatty tissues, muscles, cartilage, bones and blood vessels), 
and there is no concern about estrogen-related cancer in these 
organs (although receptor density could explain differences). 
Secondly, not unexpectedly there have been women who have 
been diagnosed with breast cancer soon after commencing hor-
mone replacement therapy (HRT). This of course does not prove 
causation, and in fact the mortality from breast cancer in these 
situations is actually often low [2], suggesting that the process 
of carcinogenesis had already started, and commencing estro-
gens might have actually allowed an earlier diagnosis [3]. Thus, 
despite being the commonest cancer in women in the developed 
western world, and notwithstanding the intense research activity 
aimed at it, the mechanism(s) by which breast cancer develops 
remains an enigma. There are of course a number of theories 
out there, including a role for endocrine disruptors [4], but these 
continue to be researched with no current resultant effective pre-
ventative or therapeutic interventions.

The Epidemiology of Breast Cancer: Impact of 
HRT Versus Life-Style Factors

In the UK, it is estimated that if 1,000 otherwise healthy women 
who are not on HRT and aged 50 - 60 years are followed up 
over 5 years, 23 of them will develop breast cancer [5]. Fig-
ure 1 illustrates that if another 1,000 such women who have an 
intact uterus are given combined hormone replacement thera-
py (cHRT), an additional four women (total 27) will develop 
breast cancer, while in a 1,000 who have had a hysterectomy 
and therefore can be given estrogen-only therapy (estrogen re-
placement therapy (ERT)), four fewer women (total 19) will de-
velop the disease. Therefore, while cHRT is associated with an 
increased risk of breast cancer, ERT does not increase the risk, 
and if anything, appears to be associated with a reduced risk.

To further put the issue into perspective, the impact of 
life-style factors has been added (Fig. 1). Amongst smokers, 
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there will be an additional three cases of breast cancer (total 
26), while two units of alcohol per day will add five women 
to the afflicted (total 28), and obesity (body mass index (BMI) 
> 30) will add a phenomenal 24 women, giving a total of 47 
in 1,000. Conversely, exercise lasting 2.5 h per week will re-
duce the number by 7 (total 16). These numbers illustrate that 
although cHRT increases the risk of breast cancer, the increase 
is relatively small compared to the risk posed by other modifi-
able risk factors, and that the risk is amenable to even simple 
interventions like exercise. If phrases such as “exercise pre-
vents breast cancer” could be used to promote women’s health, 
could the parallel phrase “estrogen-only HRT prevents breast 
cancer” be acceptable? It is useful to consider what the re-
search evidence shows.

HRT and Breast Cancer: Evaluating the Evi-
dence From Research

Over the years, issues relating to HRT and breast cancer have 

generated huge controversy, debates and divided opinions 
among the healthcare professionals as well as the general pub-
lic, usually resulting in women who might otherwise benefit 
from HRT abandoning it or being denied it by their physicians. 
This has often been a result of the way in which research find-
ings have been interpreted. It is important to note that valid 
randomized placebo-controlled studies are traditionally re-
garded as the best evidence of causation between an interven-
tion and a disease provided the comparison groups are similar 
at baseline. Retrospective observational studies are not useful 
to prove a “cause and effect relationship” as they cannot en-
tirely eliminate bias.

HRT and Breast Cancer: The Evidence From 
Observational Studies

Probably the three most influential observational studies on 
breast cancer risk in association with HRT are the “Collabo-
rative Re-analysis” [6] and the “Million Women” [7] studies 

Figure 1. Risk of breast cancer associated with different modifiable risk factors over 5 years in women aged 50 - 59. HRT: hor-
mone replacement therapy; BMI: body mass index.
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and the meta-analysis by the Collaborative Group on Hor-
monal Factors in Breast Cancer in 2019 [8] (Table 1 [6-10]). 
The Collaborative Re-analysis of data from 51 epidemiologi-
cal studies of 52,705 women with breast cancer and 108,411 

women without breast cancer [6] concluded that the risk of 
having breast cancer diagnosed is increased in women using 
HRT and increases with increasing duration of use. This effect 
is reduced after cessation of use of HRT and has largely, if not 

Table 1.  Major Observational and Interventional Studies on Risk of Breast Cancer Associated With Use of Hormone Replacement 
Therapy

Study and year Findings
Breast cancer and hormone 
replacement therapy: collaborative 
reanalysis of data from 51 
epidemiological studies of 52,705 
women with breast cancer and 108,411 
women without breast cancer. Beral et 
al, Collaborative Group on Hormonal 
Factors in Breast Cancer, 1997 [6]

Among current users of HRT or those who ceased use 1 - 4 years previously, the relative risk of having 
breast cancer diagnosed increased by a factor of 1.023 (95% CI: 1.011 - 1.036; 2P = 0.0002) for each 
year of use; the relative risk was 1.35 (1.21 - 1.49; 2P = 0.00001) for women who had used HRT for 5 
years or longer (average duration of use in this group 11 years). Cancers diagnosed in women who had 
ever used HRT tended to be less advanced clinically than those diagnosed in never-users.

Risks and benefits of estrogen plus 
progestin in healthy postmenopausal 
women: principal results from the 
Women’s Health Initiative randomized 
controlled trial. Rossouw et al, 
Writing Group for the Women's Health 
Initiative Investigators, 2002 [9]

After a mean of 5.2 years of follow-up on HRT, results were: estimated HRs (nominal 95% CIs) were 
as follows: heart disease, 1.29 (1.02 - 1.63) with 286 cases; breast cancer, 1.26 (1.00 - 1.59) with 
290 cases; stroke, 1.41 (1.07 - 1.85) with 212 cases; PE, 2.13 (1.39 - 3.25) with 101 cases; colorectal 
cancer, 0.63 (0.43 - 0.92) with 112 cases; endometrial cancer, 0.83 (0.47 - 1.47) with 47 cases; hip 
fracture, 0.66 (0.45 - 0.98) with 106 cases; and death due to other causes, 0.92 (0.74 - 1.14) with 
331 cases. Absolute excess risks per 10,000 person-years attributable to estrogen plus progestin were 
seven more CHD events, eight more strokes, eight more PEs, and eight more invasive breast cancers, 
while absolute risk reductions per 10,000 person-years were six fewer colorectal cancers and five 
fewer hip fractures. The absolute excess risk of events included in the global index was 19 per 10,000 
person-years.

Breast cancer and hormone-
replacement therapy in the Million 
Women Study. Million Women Study 
Collaborators,  
2003 [7]

Half the women in study had used HRT; and 9,364 incident invasive breast cancers and 637 breast 
cancer deaths were registered after an average of 2.6 and 4.1 years of follow-up, respectively. Current 
users of HRT at recruitment were more likely than never users to develop breast cancer (adjusted 
relative risk 1.66 (95% CI: 1.58 - 1.75), P < 0.0001) and die from it (1.22 (1.00 - 1.48), P = 0.05). 
Incidence was significantly increased for current users of preparations containing estrogen only (1.30 
(1.21 - 1.40), P < 0.0001), estrogen-progestogen (2.00 (1.88 - 2.12), P < 0.0001), and tibolone (1.45 
(1.25 - 1.68), P < 0.0001), but the magnitude of the associated risk was substantially greater for 
estrogen-progestogen than for other types of HRT (P < 0.0001).

Type and timing of menopausal 
hormone therapy and breast 
cancer risk: individual participant 
meta-analysis of the worldwide 
epidemiological evidence. 
Collaborative Group on Hormonal 
Factors in Breast Cancer, 2019 [8]

During prospective follow-up, 108,647 postmenopausal women developed breast cancer at mean age 
65 years (SD: 7); 55,575 (51%) had used HRT. Among women with complete information, mean 
hormone therapy duration was 10 years (SD: 6) in current users and 7 years (SD: 6) in past users, and 
mean age was 50 years (SD: 5) at menopause and 50 years (SD: 6) at starting HRT. Every HRT type, 
except vaginal estrogens, was associated with excess breast cancer risks, which increased steadily 
with duration of use and were greater for estrogen-progestogen than estrogen-only preparations. 
Among current users, these excess risks were definite even during years 1 - 4 (estrogen-progestogen 
RR: 1.60, 95% CI: 1.52 - 1.69; estrogen-only RR: 1.17, 1.10 - 1.26), and were twice as great during 
years 5 - 14 (estrogen-progestogen RR: 2.08, 2.02 - 2.15; estrogen-only RR: 1.33, 1.28 - 1.37).

Association of menopausal hormone 
therapy with breast cancer incidence 
and mortality during long-term 
follow-up of the Women’s Health 
Initiative randomized clinical trials. 
Chlebowski et al, 2020 [10]

Among 27,347 postmenopausal women who were randomized (baseline mean (SD) age, 63.4 years 
(7.2 years)), after more than 20 years of median cumulative follow-up, mortality information was 
available for more than 98%. Estrogen (CEE) 0.625 mg daily alone compared with placebo among 
10,739 women with a prior hysterectomy was associated with statistically significantly lower breast 
cancer incidence with 238 cases (annualized rate: 0.30%) vs. 296 cases (annualized rate: 0.37%; 
HR: 0.78; 95% CI: 0.65 - 0.93; P = 0.005) and was associated with statistically significantly lower 
breast cancer mortality with 30 deaths (annualized mortality rate: 0.031%) vs. 46 deaths (annualized 
mortality rate: 0.046%; HR: 0.60; 95% CI: 0.37 - 0.97; P = 0.04). In contrast, CEE 0.625 mg daily 
plus progestogen (MPA) 2.5 mg daily compared with placebo among 16,608 women with a uterus was 
associated with statistically significantly higher breast cancer incidence with 584 cases (annualized 
rate: 0.45%) vs. 447 cases (annualized rate: 0.36%; HR: 1.28; 95% CI: 1.13 - 1.45; P < 0.001) and no 
significant difference in breast cancer mortality.

HR: hazard ratio; CI: confidence interval; PE: pulmonary embolism; CHD: coronary heart disease; SD: standard deviation; CEE: conjugated equine 
estrogen; HR: hazard ratio; RR: risk ratio; MPA: medroxyprogesterone acetate.
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wholly, disappeared after about 5 years. The general implica-
tion was that HRT caused breast cancer. This re-analysis of 
observational studies included retrospective and prospective 
studies. Shapiro et al (2011) [11] tested the re-analysis on the 
basis of standard criteria when an observational study asserts 
causality. They examined the following factors: time order, 
bias, confounding, statistical stability, strength of association, 
dose-duration response, internal and external consistency and 
biologic plausibility. They concluded that the causality link 
reached by the Collaborative Re-analysis was defective. This 
independent report means that the Collaborative Re-analysis 
has low scientific validity because of serious significant epi-
demiological faults.

The Million Women’s Study [7] was a prospective cohort 
of UK women aged 50 to 64 years invited to undergo screen-
ing mammography at 3-yearly intervals. Among 828,923 post-
menopausal women who were current users of HRT and fol-
lowed for an average of 2.6 years, the study concluded that 
current use of HRT was associated with increased breast can-
cer incidence and mortality, and the effect was substantially 
greater for estrogen-progestogen combinations (cHRT) than 
for other types of HRT. Again, the general implication was that 
HRT caused breast cancer. This prospective study had many 
methodological shortcomings and the most cogent was that it 
did not exclude breast cancers that appeared within 1 year, as 
they were most likely to have been present at baseline. Sha-
piro et al (2011) [12] also tested the Million Women’s Study 
on the basis of standard criteria when an observational study 
asserts causality. They examined the following factors: time 
order, bias, confounding, statistical stability, strength of asso-
ciation, dose-duration response, internal and external consist-
ency and biologic plausibility. They concluded that HRT may 
or may not increase the risk of breast cancer, but the Million 
Women’s Study did not establish that it does. The causality 
link was unreliable because of defects in quality of design, ex-
ecution, analysis and interpretation. They commented that size 
alone did not guarantee that the findings are reliable. This in-
dependent report means that the Million Women’s Study again 
has little scientific validity because of serious epidemiologi-
cal faults. However, the Million Women’s Study differentiated 
that there was a lower risk of incident breast cancer between 
women on ERT or tibolone compared to women on cHRT [7].

The recent meta-analysis from the Collaborative Group on 
Hormonal Factors in Breast Cancer in 2019 [8] again reviewed 
the evidence from epidemiological rather than interventional 
studies, and results are not in keeping with the randomized 
Women’s Health Initiative (WHI) trials which have recently 
reported that women receiving estrogen post hysterectomy had 
a lower long-term risk of breast cancer.

HRT and Breast Cancer: The Evidence From 
Randomized Controlled Studies

The WHI studies are without doubt the most influential of any 
of the prospective, placebo-controlled randomized trials of 
HRT and breast cancer risk. The research comprised two ran-
domized trials that included 27,347 postmenopausal women, 

mean age 63.4 (standard deviation (SD) 7.2), all of whom had 
a negative mammogram and no prior breast cancer at baseline. 
Enrolment took place from 1993 to 1998, with participants be-
ing contacted for follow-up every 6 months through 2005 and 
annually from then on, and mortality data being gathered from 
follow-up and the National Death Index. In the first trial, which 
included 16,608 women with a uterus, 8,506 women received 
0.625 mg/day of conjugated equine estrogen (CEE) plus 2.5 
mg/day of medroxyprogesterone acetate (MPA), while 8,102 
received placebo. In the second trial, the women had had a 
hysterectomy and therefore did not need MPA: 10,739 women 
were randomized to 0.625 mg/day CEE (5,310 women) while 
5,429 women received placebo. The first trial ended in 2002 
after a median intervention period of 5.6 years, and the second 
trial ended in 2004 after a period of 7.2 years.

Outcomes from cHRT versus placebo

This WHI study reported six times. The first five reports be-
tween 2002 and 2009 [9, 13-17] were based on a randomized 
controlled trial. The fifth report incorporated a prospective ob-
servational cohort with follow-up for a further 8 years [18].

The second report focused more on women who devel-
oped breast cancer after an average of 5.6 years in the rand-
omized controlled trial. Shapiro et al (2011) [17] highlighted 
that there was a degree of contamination with 331 women in 
the concurrent estrogen replacement trial who still had a uter-
us, who were unblinded and added to the combined estrogen 
plus progesterone group versus placebo trial. Nevertheless, for 
all breast cancers, the hazard ratio (HR) was 1.24 (95% confi-
dence interval (CI): 1.02 - 1.50) when 8,507 women aged 50 
- 79 years who received cHRT were compared to 8,102 similar 
women who received placebo.

Based on the WHI randomized controlled trial only and 
not the sixth report [18], which was a combination of rand-
omized controlled trial and follow-on observational study, 
the WHI studies of cHRT versus placebo show a causal link 
between cHRT and incidence of breast cancer. The long-term 
results confirm this causality [19].

Outcomes from ERT versus placebo

This WHI study reported five times. The first report was held 
to be valid, because apart from similar baseline characteristics, 
there were similar proportions of un-blinding, similar discon-
tinuation rates, and similar proportions of those who were pre-
scribed HRT by their own doctors. The second report focused 
more on women who developed breast cancer after an average 
of 7.1 years in the randomized controlled trial. In the “inten-
tion to treat analysis”, there was a 23% non-significant reduc-
tion in the risk of breast cancer compared to placebo (relative 
risk ratio (RR): 0.77; 95% CI: 0.59 - 1.01). However, in an 
“as treated analysis” which satisfies time order, minimizes de-
tection bias and where confounding was unlikely, there was 
a 33% significant reduction in the risk of breast cancer com-
pared to placebo (RR: 0.67; 95% CI: 0.47 - 0.97). These results 
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persisted after 10.7 years.
Shapiro et al (2011) [17] stated that the evidence suggests 

that unopposed estrogen does not increase the risk of breast 
cancer and may even reduce it. The latter possibility, however, 
was initially based on statistically borderline evidence. The 
long-term results confirm this lack of a causal link between 
unopposed estrogen and incidence of breast cancer, and that 
unopposed estrogens do not increase the risk of breast cancer, 
in fact reducing it [19].

What is unique and remarkable about the WHI studies of 
HRT and breast cancer risk is that once again, after a median 
of 20.3 years of follow-up, and with mortality data now avail-
able for more than 98% participants, outcomes have been re-
ported/updated in JAMA in July 2020 [10]. In the trial involv-
ing 16,608 women with a uterus, 8,506 were randomized to 
receive 0.625 mg daily of CEE plus 2.5 mg daily of MPA, and 
8,102 with placebo. In the trial involving 10,739 women with 
prior hysterectomy, 5,310 were randomized to receive 0.625 
mg daily of CEE alone, and 5,429 with placebo. The CEE-
plus-MPA trial was stopped in 2002 after 5.6 years’ median 
intervention duration, and the CEE-only trial was stopped in 
2004 after 7.2 years’ median intervention duration. The key 
findings were as follows: 1) CEE alone (ERT) was associated 
with fewer cases of breast cancer (238 cases, annualized rate 
0.30%), compared with placebo (296 cases, annualized rate 
0.37%; HR: 0.78; 95% CI: 0.65 - 0.93; P = 0.005). Further-
more, CEE alone was also associated with lower mortality 
(30 deaths, annualized mortality rate 0.031%), compared with 
placebo (46 deaths, annualized mortality rate 0.046%; HR: 
0.60; 95% CI: 0.37 - 0.97; P = 0.04); 2) In contrast, CEE plus 
MPA (cHRT) was linked with more cases of breast cancer (584 
cases, annualized rate 0.45%) than placebo (447 cases, annual-
ized rate 0.36%; HR: 1.28; 95% CI: 1.13 - 1.45; P < 0.001). In 
regard to mortality, there was no statistically significant differ-
ence between CEE plus MPA (71 deaths, annualized mortality 
rate 0.045%) and placebo (53 deaths, annualized mortality rate 
0.035%; HR: 1.35; 95% CI: 0.94 - 1.95; P = 0.11).

Thus, the WHI studies show that taking CEE alone for up 
to 7 years confers protection against breast cancer for at least 
20 years, while taking the combination therapy CEE and MPA 
for just 5 years increases the risk, which persists for at least 20 
years. Is it the combination therapy, or is it the progestogen 
alone, that causes the breast cancer? While the answer is not as 
clear cut as might be imagined, it should be remembered that 
estrogens increase glandular tissue, while it is the progesto-
gens that cause mitosis of breast tissue - cancer represents un-
controlled mitosis.

Implications of the New Insights on the Preven-
tative Benefits of Estrogen

The evidence now compels a paradigm shift from the tradi-
tional thinking that estrogen could cause breast cancer to a 
recognition that it actually prevents the disease, and that when 
the disease does occur (no preventative intervention achieves 
a 100% preventative effect), it is often picked up early and 
mortality is reduced by up to 44%. Therefore, rather than being 

left to fear estrogen, the majority of perimenopausal women 
should be offered the hormone, on its own in those who have 
had a hysterectomy, and with a progestogen-releasing intrau-
terine device in those with an intact uterus. This cheap and 
safe hormone also has other preventative potential. Estrogen 
prevents osteoporosis [20], a condition that can lead to bone 
fractures with a major impact on quality of life, increased mor-
tality and is a significant drain on NHS resources [21]. In the 
premenopausal phase women enjoy protection against cardio-
vascular disease, but soon catch up with men after the meno-
pause: estrogen given as HRT protects against cardiovascular 
disease in women [22]. A gender difference in favor of women 
in terms of infection rates and mortality has been clearly ob-
served in a variety of pandemic-prone viral infections includ-
ing coronavirus disease 2019 (COVID-19) [23], severe acute 
respiratory syndrome (SARS) [24] and Middle East respira-
tory syndrome (MERS) [25]; and estrogen has been implicated 
either by boosting the immune system, both innate and adap-
tive, and also by direct action on cell types such as the vascular 
endothelium [26, 27]. Estrogen reduces the risk of colorectal 
cancer [28], and there is increasing evidence from in vitro, ani-
mal and human experimentation that it may protect against de-
mentia [29]. Finally, estrogen is the most effective intervention 
in the treatment of menopausal symptoms [30, 31], such as hot 
flushes and night sweats, vaginal dryness, shedding hair and 
dry skin, emotional lability to name but a few of the symptoms 
women may suffer in the menopausal transition.

Modern regulated HRT combines hormones in various 
doses and routes to make the preparations safe and effec-
tive. Minor side effects associated with HRT include irregular 
bleeding, nausea, breast tenderness, headaches, bloating and 
skin sensitivity for transdermal preparations. These are usually 
temporary and settle after 2 - 3 months. Transdermal hormone 
preparations minimize the risk of thrombosis that has been tra-
ditionally associated with oral hormone preparations.

At a time when there is an emphasis on prevention as a 
major strategic approach to improve the nation’s health [32], 
estrogen should be recognized for its huge potential.

Conclusions

It is generally accepted that contemporary best clinical practice 
should be evidence-based, with the best clinical evidence com-
ing from randomized clinical trials. The WHI study of ERT 
versus placebo in women with a prior hysterectomy is a most 
robust piece of research: prospective, randomized, placebo-
controlled and with a 20-year follow-up, which now compels a 
direct interpretation of its finding, namely that exposure to ex-
ogenous estrogen (ERT) prevents breast cancer. This is of pro-
found importance, not only in relation to the prevention of the 
most common cancer in women in the western world, but also 
because estrogen, whilst being cost-effective and well-tolerat-
ed also has other preventative properties against osteoporosis 
and cardiovascular disease, to name but two. If the medical 
professionals are struggling with the required paradigm shift 
in their attitude to ERT, then a well-designed, adequately pow-
ered, prospective randomized trial with so many spin-offs is 
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eminently doable. Results could be available in less than 10 
years, and if such results support those from the WHI, then 
there would be no further arguments or debate.
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