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Abstract

This review summarises preclinical and clinical data on effects of endogenous and exogenous estrogens on
probability of breast cancer diagnosis, and on the course and efficacy of breast cancer therapies. The data indicate
that higher endogenous estrogen exposure (e.g. pregnancy, early menarche and late menopause, estrogen levels in
future breast cancer patients, obesity) or exogenous estrogens (oral contraceptives; hormone replacement therapies)
may be associated with an increased probability of breast cancer diagnosis. However, there is little evidence that
estrogens have deleterious effects on the course of breast cancer. Moreover, increased incidence of breast cancer
diagnosis after prolonged hormone replacement therapy (HRT) use seems to be associated with clinically less
advanced disease. In studies assessing both diagnosis and mortality, HRT is frequently associated with reduced
mortality compared to never users. The interaction of progestagens and estrogens on the probability of breast cancer
diagnosis is complex and dependent on type of progestagens and regimens employed. Efficacy of current treatment
modalities for breast cancer (surgery, irradiation, adjuvant therapy or chemotherapy) is not negatively influenced by
estrogens at concentrations considerably higher than those attained with current HRT preparations. Although it
cannot be excluded that estrogens increase the probability of breast cancer diagnosis, available data fail to
demonstrate that, once breast cancer has been diagnosed, estrogens worsen prognosis, accelerate the course of the
disease, reduce survival or interfere with the management of breast cancer. It may therefore be concluded that the
prevalent opinion that estrogens and estrogen treatment are deleterious for breast cancer, needs to be revisited.
However, results of ongoing prospective, randomised clinical trials with different HRT regimens in healthy women or
breast cancer survivors are needed to provide more definite conclusions about risks and benefits of HRT. © 2000
Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

A common opinion is that estrogens may be
detrimental in breast cancer, in respect both of the
risk to develop breast cancer and of the prognosis
once breast cancer has been diagnosed. The ma-
jority of breast cancers are considered to be due
to sporadic events but about 10% are may be due
to inherited genotypes. Estrogens are generally
felt not to play a role in the malignant transfor-
mation, since experimental data show a lack of
mutagenicity of estrogens. There is, however, am-
ple evidence that estrogens may play a role in the
promotion of tumour proliferation and that estro-
gens influence the expression and transcription of
many growth factors, oncogenes and other factors
involved in the physiological cell cycle [1–5].
These activities of estrogens on normal cells are
also likely to play a role in the growth of breast
cancer cells. That estrogens stimulate the prolifer-
ation of primary breast cancer cell cultures or
cancer-derived cell lines also clearly points to the
promotional effects of estrogens [2,6]. With re-
spect to the process of metastasis, estrogens have
been shown to affect the expression of membrane
degrading enzymes and factors involved in angio-
genesis [7–10]. In addition, the requirement of
estrogens to support the growth of human estro-
gen receptor (ER)-positive breast cancer cells in
nude mice provides further evidence for the estro-
genic promotion of tumour proliferation [11].

On the assumption that these actions of estro-
gens in experimental conditions also play a role
during the development of breast cancer in hu-
mans, continued exposure to estrogens, once
breast cancer is diagnosed, would be to put ‘fuel
on the fire’. Estrogens would also be considered
incompatible with the anti-estrogenic treatment
which is often instituted as adjunct to surgery and
radiotherapy. Therefore, hormone replacement
therapy (HRT1) is today considered to be con-

traindicated for breast cancer survivors, and once
a tumour is diagnosed, an ongoing treatment with
HRT is to be discontinued.

In contrast to this general belief, there are also
indications suggesting that estrogens may be indif-
ferent or even favourable with respect to breast
cancer development and prognosis. One indica-
tion is that the presence of ER-positive and/or
progesterone receptor positive cells in breast can-
cer patients is usually associated with a higher
differentiation and a lower metastatic potential of
the cancer [12]. Observations in nude mice show
that ER-positive human breast cancer cells are
less metastatic compared to ER-negative cancer
cells and that transfection of the estrogen receptor
into ER-negative breast cancer cell lines decreases
the metastatic and invasive potential [7,8,10].

It would, therefore, appear that there are both
experimental and clinical data challenging the
prevalent negative opinion on the relationship
between estrogens and breast cancer. Recent clini-
cal data also support the view that this opinion
may need to be revisited and that the risk/benefit
ratio of HRT has to be put into proper perspec-
tive [13–21].

In this paper, we review both experimental and
clinical data on the association between endoge-
nous and exogenous estrogens and the probability
of breast cancer diagnosis. Relevant data are re-
viewed on the effects of continued exposure to
estrogens on prognosis of breast cancer, once
breast cancer has been diagnosed and on the
treatments installed.

2. Estrogens and breast cancer risk

Findings related to endogenous estrogen levels,
pregnancy and use of combined oral contracep-
tives are discussed before addressing the issue of
breast cancer and HRT. It should be realised that
a breast cancer is usually present for many years
(as long as 5–10 years) before it is clinically

1 HRT is used as a general term, without differentiating
between estrogen only (E) and estrogen combined with a
progesterone (E+P) replacement therapy.
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diagnosed (theory of the ‘dormant malignant
cell’). This implies that breast cancer cells, during
their subclinical period, are likely to have been
exposed for a considerable time to endogenous
and exogenous sex hormones. It should also be
realised that the opinion that estrogens have an
adverse influence on the risk of breast cancer has
so far precluded prospective, randomised clinical
studies with HRT in women at high risk for
development of breast cancer or in breast cancer
survivors. Trials with HRT in breast cancer sur-
vivors have been proposed [13,16,18,22] and are
ongoing in USA, Sweden and UK, but have not
yet been completed. Such studies may ultimately
provide further evidence on the association of
exogenous estrogens and breast cancer.

2.1. Endogenous estrogen le6els and breast cancer
risk

A number of prospective studies in post-
menopausal women showed that increased proba-
bility (two to five times) of breast cancer diagnosis
later in life is associated with slightly higher levels
of estrogens (about 6.8–12 pmol/l higher; the
estradiol levels being in the top third or fourth
part in the total population studied) measured in
blood samples collected 3–8 years before diagno-
sis [23–28]. In addition to estrogens, also the
plasma levels of other hormones including testos-
terone are slightly increased. The observed estra-
diol concentrations in all studies are low
compared to those in pre-menopausal women
(100–2000 pmol/l) and in women on HRT (200–
1000 pmol/l). In our opinion an alternative expla-
nation for the association between the slightly
increased levels of estrogens and increased proba-
bility of breast cancer diagnosis may be that
breast cancer cells were already present in the
patients at the time of the blood sampling and
that the tumour cells are able to enhance the
concentration of estrogens. It has been demon-
strated that breast tumour stromal cells may in-
deed contribute to estrogen production [29–31].
These small increases in estrogen levels may,
therefore, be more likely a consequence of the
‘spill-over’ of these locally-produced estrogens
into the circulation. Prolonged exposure to much

higher endogenous estrogens (e.g. as in women
with early menarche and late menopause) is asso-
ciated with increased probability of breast cancer
diagnosis and oophorectomy at an early age de-
creases this risk [32,33]. With respect to obesity,
the situation is more complex. Due to peripheral
aromatization in fat tissue, obesity is associated
among other things with increased estrogen levels.
Obesity has been associated with a lower proba-
bility of diagnosis of some breast cancers in pre-
menopausal women, whereas after the menopause
it is usually found to confer with a higher risk
[34]. It remains to be established, however,
whether the risk of breast cancer is associated also
with other factors than estrogen levels (e.g. in-
sulin-like growth factors, ovulatory disturbances).

The observations above support the hypothesis
that (slightly) higher levels of endogenous estro-
gens in postmenopausal women may be associated
with a higher probability of breast cancer.
Whether the very small increase in estradiol levels
as observed in some studies are a consequence of
or a cause for breast cancer remains to be estab-
lished. However, it should be noted that the prog-
nosis of breast cancer diagnosed in
premenopausal women (who have much higher
endogenous estrogen levels) is more often better
than in postmenopausal women when matched
for stage at diagnosis [35].

2.2. Pregnancy and breast cancer

A number of observations illustrate the com-
plex association between pregnancy with its very
high levels of endogenous steroid hormones, e.g.
estradiol\40 000 pmol/l and the probability of
breast cancer. Pregnancy, in particular pregnancy
at early age, and parity are associated with a
decreased probability of breast cancer diagnosis
compared to the increased probability in nulli-
parous women. It has also been reported that
pregnancy transiently increased the probability
for breast cancer diagnosis after giving birth, with
a reduced risk later in life [36]. Women who have
been pregnant 1–2 years before or are pregnant at
the time of their breast cancer diagnosis do not
appear to have a worse prognosis than non-preg-
nant women when matched for age and stage
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[15,37]. However, increased mortality from breast
cancer diagnosed during pregnancy in young
women (20–29 years of age) has also been re-
ported [38]. Women becoming pregnant after
treatment for their breast cancer have been re-
ported to have similar or even improved progno-
sis in comparison with breast cancer survivors
who subsequently never become pregnant [35].

The pregnant state has many effects on endoge-
nous hormones. Levels of estrogens such as es-
trone, estradiol and estriol, levels of progesterone
and other hormones are elevated (up to 1000×
the mid-cycle levels). It has been suggested that
the differentiation of breast ductal tissue induced
after a full term pregnancy renders the breast less
susceptible for the development of malignancies
[5,39]. This has also been proposed as an explana-
tion for the observation that full-term pregnancy
at an early age protects against breast cancer later
in life. These observations suggest that very high
levels of estrogens in combination with other hor-
mones are not necessarily associated with an in-
creased diagnosis or a worse prognosis of breast
cancer. Whether or not a putative deleterious
effect of estrogens is counteracted by other factors
elevated during pregnancy is still an open
question.

2.3. Oral contracepti6es and breast cancer

A re-analysis [40] of the individual data of
53 297 women in 54 epidemiological studies on
oral contraceptives (OC) and breast cancer
showed that there is a small increase in the rela-
tive probability of having breast cancer diagnosed
in current users: 1.24 (95% confidence limits:
1.15–1.39). This increase seemed not to be related
to the duration of use, age at first use, and the
dose and type of hormones in the OC prepara-
tion. Some association was found between an
increased probability for breast cancer diagnosis
and OC use at an early age before the first
pregnancy. The OC preparations were predomi-
nantly a continuous combination of different
doses of an estrogen and a progestagen during
about 3 weeks followed by a pill-free interval of 1
week. The levels of ethinylestradiol, a consider-
ably more potent estrogen than the estrogens

commonly used in HRT (e.g. estradiol or conju-
gated equine estrogens (CEE)), ranged from 30 to
500 pmol/l. The increased probability of breast
cancer diagnosis gradually declined to that of
non-users during the 10 years after cessation of
OC use.

An intriguing observation was that breast can-
cers diagnosed in current or past OC-users (up to
20 years after use of OC) were more likely to
remain localised to the breast, to show fewer
metastases and to be clinically less advanced than
those diagnosed in never-users. These less ad-
vanced cancers were associated with an increased
survival. Two reports have shown that use of OC
within 1 year of breast cancer diagnosis does not
diminish survival period after diagnosis [41,42].
Beral [40] concluded that it is not possible to infer
from her re-analysis whether the increased proba-
bility of breast cancer diagnosis is due to an
earlier diagnosis in ever-users or to the biological
effects of OC or even to a combination of
reasons.

2.4. HRT and the incidence of breast cancer

Only one small, prospective, randomised clini-
cal trial has assessed the effects of HRT on the
incidence of breast cancer [43,44]. One group of
84 postmenopausal women (mean age 55 years at
entry) received 2.5 mg CEE per day and 10 mg
medroxyprogesterone acetate (MPA) during 7
days of each month. The control group (N=84)
received placebo. After 10 years, some women
switched to other, lower dose CEE and progesta-
gen regimens or to placebo. After 22 years, a total
of six breast cancer patients had been diagnosed
in the never HRT group, whereas no cases were
found in the ever-HRT group; the difference be-
ing statistically significant. This study also found
that ever-HRT use reduced the overall mortality
[43,44]. These results should be viewed in the light
of the very limited size of the study, but they
nevertheless suggest no deleterious effects of this
long-term, high estrogenprogestagen regimen on
the incidence of breast cancer.

Many individual epidemiological studies on
breast cancer and HRT have been re-analysed
[45]. This re-analysis of the individual data of
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52 705 women from 51 epidemiological studies
found that the probability of having breast cancer
diagnosed is increased by 2.3% per year of HRT
use; (95% confidence limits 1. 1–3.6%). For each
year the menopause is delayed a similar increase
in probability has been found: 2.8% (2.1–3.4%).
This implies that the cumulative number of breast
cancers diagnosed per 1000 women raises from 18
at the age of 50 years to 63 at 70 years if the
women did not use HRT, and from 18 to 65, 69
and to 75 if they started HRT at the age of 50 and
continued to use it for 5, 10 and 15 years, respec-
tively. Five or more years after cessation of HRT,
there is no significant excess of breast cancer
diagnosis overall or in relation to duration of use.
The stage of breast cancer diagnosed in ever-HRT
users tended to be clinically less advanced. The
majority of the observations has been made with
oral preparations (predominantly with CEE) and
this comprehensive re-analysis does not allow
conclusions on dose nor on type of HRT. How-
ever, this re-analysis gives no reason to suspect
that the probability for breast cancer diagnosis is
different for specific types of HRT, route of ad-
ministration or addition of a progestagen (see also
section on progestagen addition). Two recent re-
ports provide evidence that HRT users were
younger at the time of their breast cancer diagno-
sis than women who never used HRT, thus sup-
porting the hypothesis that estrogens accelerate
the growth of pre-existing tumours [46,47]. More-
over, another report showed that postmenopausal
women with a history of proliferative breast dis-
ease were at increased probability of a diagnosis
of invasive breast carcinoma [48]. This increase
depended on the histological classification of the
benign breast disease, whereas the use of HRT did
not significantly elevate the probability of diagno-
sis of invasive breast carcinoma in women with
previous histologically defined benign breast dis-
ease. It was, therefore, concluded that HRT is not
contraindicated in these women [48]. The results
from the re-analysis by Beral [45] and other recent
reports thus support the current belief of a rela-
tionship between use of HRT and an increase in
probability for breast cancer diagnosis. However,
these data do not allow a conclusion on the
causality of the relationship. There is insufficient

information on the frequency of mammography
or clinical examination which could falsely elevate
the calculated risk and account for the increase in
clinically less advanced cancers in HRT users.

2.5. HRT and prognosis of breast cancer

Since it takes many years for breast cancer to
become clinically manifest, it is likely that breast
cancer patients who are recent or past HRT users
actually have been exposed to estrogens with or
without progestagens before their disease became
clinically manifest. In some studies the effects of
HRT on both prognosis (mortality) and the prob-
ability of breast cancer diagnosis was investigated
(Table 1)[49–63]. Whereas most of these studies
also showed an increased probability of breast
cancer diagnosis (see above), these same studies
often indicated that the prognosis was consider-
ably better for breast cancer patients on HRT
than for never-HRT users (Table 1). Only two
reports [49,50] showed a higher mortality in ever-
HRT users. In a nested case-control study [51]
among the participants in the Nurses’ Health
study the relative risk of dying from breast cancer
tended to be decreased in current and past HRT
users relative to never-users (0.76 (0.56–1.02) and
0.83 (0.69–1.09), respectively). This favourable
effect tended to decrease with long-term use (\10
years). These results do not seem to be in line with
the results previously reported by Colditz [49] on
the same study and population group (Table 1);
an explanation has not been provided. In a recent
analysis of ERT and breast cancer survival in a
large screening study [52], it was concluded that
the group of patients with breast cancer who were
using estrogens at the time of diagnosis experi-
enced reductions in breast cancer mortality which
waned with the time since diagnosis. Cobleigh [17]
found a better prognosis in patients on HRT B1
year before diagnosis of their breast cancer com-
pared to non-users.

A better prognosis of breast cancer in HRT
users is compatible with the findings in the reanal-
ysis study that cancer diagnosed in ever-users
tended to be clinically less advanced than those
diagnosed in never-users [45]. Similar findings
have been found in epidemiological studies with
OCs [40].
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Whilst these findings could be explained by
early detection of breast cancer due to better
surveillance or healthy-user effects [20,35,64–67],
some evidence shows that HRT may also have
direct effects on breast cancer prognosis. Table 2
summarises the studies that have examined the
characteristics of breast cancer diagnosed in HRT
and non-HRT users. A prospective study [64] in a
breast cancer screening unit (minimising surveil-
lance bias) showed that women on HRT had
lower grade breast cancer than breast cancer pa-
tients who did not use HRT. The lower grade in
HRT users was confirmed by others [47,68]. Other
studies [65,66,68] have reported that women tak-
ing HRT have a lower probability of being diag-
nosed with large tumours or positiv axillary
lymph nodes, whereas some studies did not show
a difference [46]. Holli et al. [66] found a lower
proliferation rate in the tumours from current
users, indicating a lower aggressiveness of the
tumours. Cobleigh [46] found in the specific popu-
lation of current HRT users with ER positive
cancer a higher percentage of women with a high
S-phase. O’Connor [68] reported a difference in
the expression of immunohistochernical markers
(Bcl-2, p53 and E-Cadherin) between HRT and
non-HRT users, whereas no difference in the ex-
pression of ER or PR was found.

Magnusson et al. [65] found, compared to
never-users, that the reductions in probability of
breast cancer diagnosis were more pronounced in
women receiving E+P combinations than in all
HRT (E and E+P) users. They also found a
lower number of deaths due to breast cancer in
HRT users compared to non-HRT users and did
not detect a difference between the expression of
ER or PR. The authors conclude that their find-
ings may reflect a less aggressive biological be-
haviour of breast cancers in women receiving
E+P compared to all HRT users or may in part
be explained by the earlier detection of the tu-
mours in these women. It remains to be deter-
mined whether (surveillance) bias explains the
difference between the all HRT and the E+P
combination groups or differential biological ef-
fects of estrogens or the E+P combination. Fi-
nally a recent paper by Capstur [69] provided
evidence that the breast cancers found in patients

taking HRT usually were of a lower aggressive
and less invasive type with a more favourable
histology and prognosis.

The observations described above support the
notion that compared to never use, HRT use is
associated with more restricted, clinically less ad-
vanced, and histologically distinct breast cancer
and thus with a more favourable prognosis. The
finding that breast cancer diagnosed in pre-
menopausal women (with their higher endogenous
estrogen levels) is associated with a better progno-
sis than breast cancer diagnosed in age- and stage-
matched postmenopausal women [35], also
supports this argument.

Taken together, the data presented in this sec-
tion do not point to an adverse effect of HRT on
death due to breast cancer and on the prognosis
of the disease.

2.6. HRT and recurrence in breast cancer
sur6i6ors

Clinical studies of breast cancer survivors who
have been prescribed HRT may provide an indi-
cation on the effects of HRT on breast cancer
prognosis. An overview of available studies
[14,16,22,70–81] is presented in Table 3. Although
the number of breast cancer survivors treated with
HRT in these observational studies is small and
selection bias may interfere with valid conclu-
sions, it should be noted that none of these studies
demonstrated an increase in cancer progression.
When the results of all studies (except those re-
ported by Dew [75]) are combined the following
recurrences can be calculated: 59/953 (6.2%) and
88/600 (29.3%) in HRT and no HRT users, re-
spectively. However crude, these data appear to
indicate that HRT seems to be associated with a
reduced recurrence of breast cancer and with an
improved prognosis. This is in line with the re-
duced (overall) mortality found in the studies by
Eden [16], Dew [75] and Beckman [76].

On the other hand one anecdotal study [82] on
four breast cancer survivors has reported that
cessation of HRT halted the progression of breast
cancer recurrence. In an ongoing study in the UK,
100 women with early stage of breast cancer were
randomised to receive HRT or no treatment. Only



H.A.M. Verheul et al. / Maturitas 36 (2000) 1–17 9

Table 2
Examination of breast cancer characteristics in HRT users compared to never-users in case-control and cohort studiesa

O’Connor [68] number of patients Tumor size (\20 mm) 29/98 (29.6%) 41/133 (30.8%) positive cancers were five times
Study designAuthor Parameter assessed HRT users No HRT user Remarks
number of patients

Grade 1: 45%Harding [64] 20%Prospective screen Data from breast cancer
screening unit

N=108 HRT; Grade II: 44% 64%
Grade III: 10% 16%N=325 no HRT

Cohort; Tumor size (\20Holli [66] RR: 0.47 (03–0.7)
mm):
Node positivity: RR: 0.73 (0.5–1.2)N=477 total
% in S-phase 7.8%N=171 HRT 10.3% Past HRT 9.4%

Tumor size: 17 mmO’Connor [68] 25 mm HRT versus no HRT have aCase-control
higher expresson of Bcl-2 (87;
79%) and a lower expression
of p53 (29; 45%) and
E-Cadherin (48%; 72%)

Grade I:N=31 HRT 12/31 (39%) 4/29 (14%)
Grade II: 13/31 (42%)N=29 no HRT 16/29 (55%)
Grade III: 6/31 (19%) 9/29 (31%)
Node metastases 6/23 (26%) 11/27 (41%)

Prospective Age at diagnosisBilinora [47] 61.3 years 66.4 years
case-control;

Tumor size (mm) 17.6 mm 17.2 mm

Grade I: 28.5%N=140 HRT 26.5%
N=202 no HRT Grade II: 45.9% 36.5%

Grade III: 25.6% 37%
Node positivity 29/98 (29.6%) 41/133 (30.8%)

Age at diagnosis:Cobleigh [46] 56.6 yearsProspective cohort 61.9 years Current HRT users with ER-
positive cancers were five times
more likely to have a high
S-phase than never users

N=142 current Tumor size (\20 mm) 47/123 (38%) 59/140 (42%)
HRT
N=165 never Node positivity: 43/131 (33%) 47/132 (36%)
HRT

% in high S-phase: 37/68 (54%) 27/83 (33%)
ER positive: 96/135 (71%) 114/159 (72%)
PR positive: 47/133 (35%) 71/150 (47%)

Prospective Breast cancer deaths:Treatment:Magnusson All HRT E+P:
[65] case-control

Tumor size (\20 mm) 0.7 (0.5–1.1) 0.4 (0.2–0.8) (6–7 years follow-up);
Node positivity: 0.7 (0.4–1.1) 0.5 (0.2–1.0) 19/121 (16%) all HRT;
ER positive: 1.2 (0.8–1.9)N=121 HRT 0.9 (0.4–1.9) 310/1468 (21%) no HRT
PR positive: 1.1 (0.7–1.9) 1.5 (0.70–3.5)N=1468 no HRT

a See Table 1 for legend. ER, estrogen receptor; PR, progestagen receptor; N=number.
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two women (one receiving no treatment, one HRT
for 6 weeks) developed metastatic disease.

In agreement with other authors [14–17,84,85]
we conclude that at present the available studies in
breast cancer survivors fail to demonstrate adverse
effects of HRT on breast cancer prognosis.

2.7. Influence of progestagen addition on breast
cancer

The observational studies of the use of HRT and
the probability to develop breast cancer generally
do not distinguish between the effects on breast
cancer by estrogens only or by combinations of
estrogen and intermittent or continuous progesta-
gen. It has been suggested that, in combination
estrogens and progestagens either increase or alter-
natively decrease the risk of developing the disease.
The observation that maximal mitotic activity in
the normal breast has been found in the mid luteal
phase until day 24 of the cycle (with its high
concentrations of progesterone and estradiol) has
been used to imply that progestagens may actually
promote breast cancer [3]. However, this increased
proliferation does not necessarily suggest malig-
nant transformation since the end result is usually
the transformation of the intermediate epithelial
cell into a fully differentiated cell capable of secre-
tory activity. As mentioned above, a pregnancy
early in life (with among others high levels of
estradiol and progesterone) is associated with a
reduced incidence of breast cancer later in life
which could be explained by the induction of
differentiation in breast epithelial cells [39].

Although in vitro studies show that progestagen
alone may induce proliferation, these observations
also show that a continuous combination of estra-
diol and a progestagen reduces the proliferation of
primary breast cell cultures and of various breast
cancer cell lines in contrast to the stimulation by
estradiol alone [2,6]. In addition, it has recently
been demonstrated that progestagens induce apop-
tosis in breast cancer cell lines [86,87] and affect
apoptosis-regulating proteins [88].

Breast tissue is able to concentrate, produce and
metabolise estrogens [3], resulting in local estrogen
concentrations 10–40 times higher than in the
circulation. If one assumes that estrogens may

promote the growth of breast cancer cells, reduc-
tion of the local estrogen levels or of the local
estrogenic effects becomes interesting. Progesta-
gens have the capacity to down-regulate the expres-
sion of estrogen receptors and to decrease the local
estrogen concentration in the breast by reducing
local aromatases and sulphatases [3,89–91] and by
increasing estrogen-metabolising enzymes [1,92].
For these effects the continuous presence of
progestagens would be required and this may
explain the differences between the continuous and
intermittent presence of progestagens as observed
in vitro (see above [2,6]) and in vivo (see below
[83,93,95]).

Two case-control studies [83,93] reported in-
triguing, but non-significant trends towards a lower
relative risk with continuous progestagen addition
than with intermittent addition (RR compared to
non-HRT: 1.38 (1.13–1.68) and 1.41 (0.93–2.13)
versus 1.09 (0.88–1.35) and 0.63 (0.26–1.53) for
intermittent and continuous progestagen, respec-
tively). On the other hand, Cline et al. [94] have
shown increased mitosis in the breast in monkeys
receiving HRT. Another variable is the type of
progestagen included in the HRT. Although most
studies do not allow differentiation between the
types of progestagens, in a cohort study of 1150
pre-menopausal women with benign breast disease
(thus being at a higher risk to develop subsequent
breast cancer [48]), neither overall progestagen use
nor the duration of their use was found to be
significantly associated with the probability of
breast cancer [95]. When the progestagens were
classified into their structural categories (19-
nortestosterone or C21 pregnane derivatives), 19-
nortestosterone derivative use was found to be
significantly associated with a lower probability of
breast cancer (0.48 (95% confidence interval 0.25–
0.90)). In addition, there was a linear trend in the
decrease of the relative risk of breast cancer with
the duration of use (P=0.02).

2.8. Conclusion

HRT may be associated with a slightly increased
probability of having breast cancer diagnosed, but
there is little evidence that HRT has deleterious
effects on the course and prognosis of breast
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cancer. The slightly increased incidence of breast
cancer diagnosis after prolonged HRT use seems to
be associated with less advanced clinical disease. In
studies assessing both the diagnosis and mortality,
HRT is also frequently associated with a reduced
mortality from breast cancer compared to never-
users. The observations may be partly, but not
completely attributed to biases. The interaction of
progestagens and estrogens in relation to the prob-
ability of breast cancer is complex; however, the
data do not seem to support the hypothesis that
progestagens may increase the probability for
breast cancer. The opinion that HRT and estrogens
in particular are deleterious for breast cancer needs
to be revisited. The American College of Obstetri-
cians and Gynecologists Committee Opinion [96]
states that in postmenopausal women with previ-
ously treated breast cancer, consideration of HRT
is an option but must be viewed with caution. Any
possible benefit must be balanced against the pos-
sible risks by a thorough explanation of current
knowledge to the patients. Obviously, the results of
well-conducted, prospective, randomised clinical
trials that are ongoing in the USA, Sweden and UK
have to be awaited for more definite answers.

3. Influence of estrogens on efficacy of therapies

The current therapies for breast cancer usually
include surgery of the primary tumour, irradiation,
chemotherapy or hormone therapy. The treatment
of breast cancer depends on the stage, extent (node
involvement) and nature (receptor status) of the
tumour, together with the menopausal status and
age of the patient at diagnosis (for review see
[17,35,97]). The use of therapies to antagonise or
suppress the production of endogenous estrogens is
based on the observation about 100 years ago that
oophorectomy induced clinical responses in some
pre-menopausal breast cancer patients. Later stud-
ies have shown that ovarian ablation has a small
but significant effect on disease-free interval and
overall survival in premenopausal women, the
effect being smaller if combined with cytotoxic
chemotherapy [98]. Many of the treatment modal-
ities for breast cancer induce estrogen deficiency

symptoms and may precipitate an early menopause
in younger patients [15,16,99]. Despite the well-
known short- and long-term benefits of HRT and
the general lack of efficiency of nonhormonal
alternatives in the alleviation of symptoms of
estrogen deficiency [85,99], physicians are reluctant
to prescribe HRT to breast cancer survivors. Un-
fortunately, no prospective, randomised clinical
studies have yet been published that assess the
possible interference of exogenous estrogens with
therapies for breast cancer. Several observations,
however, on endogenous estrogens and the man-
agement of breast cancer and its final outcome exist
and are reviewed below.

3.1. Estrogens and tamoxifen

Treatment with tamoxifen is the adjuvant treat-
ment of choice in women with ER-positive tu-
mours [13,16,33,100]. Tamoxifen is a
non-steroidal compound with anti-estrogenic ef-
fects on breast tissue and brain (gonadotrophins)
and estrogenic effect on several other tissues
(bone, endometrium). Tamoxifen competes for
binding to the ER. Residual estrogens may, on a
theoretical basis, be expected to interfere with the
favourable effects of tamoxifen. Various observa-
tions assess the effects of tamoxifen in the pres-
ence of estrogens. Tamoxifen is an effective
therapy for breast cancer in both postmenopausal
and premenopausal women. In a large ran-
domised trial with tamoxifen in node-negative,
ER-positive breast cancer patients it was shown
that premenopausal women derived greater benefit
from tamoxifen than postmenopausal women
[17,100]. The premenopausal women have higher
endogenous estrogen levels indicating that tamox-
ifen retains and has even higher anti-tumour effects
in the presence of estrogens. Premenopausal
women with intact ovaries treated for breast can-
cer with tamoxifen frequently show a rise in estro-
gen levels due to central gonadotrophin
stimulation [17,35,101,102]. The estrogen levels
during tamoxifen treatment may be four to five
times higher than those observed during certain
phases of the normal menstrual cycle [17,101,102].
Obviously, this rise has not been found in post-
menopausal women. It should be realised that the
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current HRT preparations provide estradiol levels
(400–800 pmol/l) that are considerably lower than
peak estradiol levels during the physiological cycle
(1250–1750 pmol/l) or those observed with ta-
moxifen therapy (4000–5000 pmol/l). Since ta-
moxifen also has beneficial effects in estrogen
receptor- negative breast tumours [13,35], it has
been suggested that the therapeutic effects of ta-
moxifen may include biological activities unre-
lated to its proclivity for the estrogen receptor
such as inhibition of the production of various
growth factors involved in cancer growth [13].
Thus, the observation that part of the anti-tu-
mour effects of tamoxifen is not related to its
antiestrogenic effects may also explain its effec-
tiveness in ER-negative patients also suggesting
no interference with (endogenous) estrogens. In
our opinion these observations indicate that ta-
moxifen retains its antitumor effects in the pres-
ence of endogenous as well as exogenous
estrogens.

3.2. Estrogens in estrogen receptor negati6e
breast cancer

In about 20–30% of postmenopausal women it
is not possible to demonstrate the presence of
steroid hormone (estrogen or progestagen) recep-
tors in the breast tumour cells [103]. When ERs
are absent, untoward effects of estrogens on the
tumours in these patients are unlikely.

3.3. Estrogens and chemotherapy

An important question is whether estrogens
interfere with the efficacy of cytotoxic chemother-
apy in breast cancer patients and thus with breast
cancer prognosis. Various observations provide
information on this issue. The prognosis of pre-
menopausal breast cancer patients treated with
cytotoxic chemotherapy is not significantly differ-
ent from that in postmenopausal women, irrespec-
tive of whether they develop premature ovarian
failure or regain normal ovarian function [35].
Another study showed no significant difference
between pre- and post-menopausal women in dis-
ease-free and overall survival in a 20-year follow-
up of node-positive patients with operable disease

treated with cyclophosphamide, methotrexate and
5-fluorouracil [97]. In the same study chemother-
apy-induced amenorrhea did not appear an im-
portant predictor of response to treatment in
peri-menopausal women [97]. However, Pagani
[104] showed that cessation of menses in pre-
menopausal women, beit for a limited time period
after diagnosis of breast cancer might be benefi-
cial. In her review on ovarian ablation, Pritchard
[98] showed that the improvement of disease-free
interval and survival obtained with chemotherapy
alone, was not further improved by ovarian abla-
tion. Most of these observations would thus indi-
cate that the endogenous levels of estrogens have
no adverse effects on the efficacy of the
chemotherapy.

The effects of exogenous estradiol were studied
in a randomised trial [105] in advanced breast
cancer patients. No differences in complete and
partial remissions and nonresponders were found
between chemotherapy (CT) alone or combined
with estrogen (2 mg estradiol+1 mg estriol given
twice daily, starting on day 1 and continuing
during six chemotherapeutic cycles in 40 weeks).
The mean interval between study entry and pa-
tient death or last follow-up was 29 months in the
CT+E group and 22 months in the CT only
group. Although the authors concluded that es-
trogen priming in this cohort of patients with
advanced breast cancer did not appear to add to
the toxicity or palliative benefit of the chemother-
apeutic regimen, their data indicate that estrogens
do not adversely influence the beneficial effects of
the chemotherapy.

3.4. Conclusion

The data presented above suggest that the effi-
cacy of the management of breast cancer is not
negatively influenced by the presence of estrogens
at concentrations considerably higher than those
attained with current HRT preparations.

4. Overall conclusion

Available preclinical and clinical data on the
relationship between HRT and breast cancer has
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been reviewed. Although it cannot be excluded
that estrogens slightly increase the probability of
breast cancer diagnosis, the available data fail to
demonstrate that, once breast cancer has been
diagnosed, estrogens worsen prognosis, accelerate
the course of breast cancer or reduce survival.
However, it should be borne in mind that larger,
prospective, randomised clinical trials are needed
for definite conclusions. The limited data
currently available indicate that estrogens do not
negatively affect the management of breast cancer
nor interfere with the current therapeutic
modalities.

It may, therefore, be concluded that the
prevalent opinion that estrogens and estrogen
treatment are deleterious for breast cancer, needs
to be revisited. Awareness that currently available
data suggest that both endogenous and exogenous
estrogens have no impact on breast cancer and do
not interfere with the therapeutic modalities may
convince physicians that a proper risk-benefit
assessment of HRT is warranted in patients with
risk factors for breast cancer or in breast cancer
patients also taking into account the favourable
effects of HRT on bone and the reduced
cardiovascular morbidity and mortality.
Prospective, randomised clinical trials with
different HRT regimens including cyclic or
continuous combined estrogens and progestagens
in healthy women and breast cancer survivors are
now ongoing. The results of these trials are
needed to provide more definitive conclusion
about the risks and benefits of HRT, before it
may be generally recommended for women with
breast cancer or with risk factors for breast
cancer.
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