Acta Poloniae Pharmaceutica — Drug Research, Vol. 62 No. 3 pp. 241-247,

2005

ISSN 0001-6837
Polish Pharmaceutical Society

GENERAL

CONTROVERSIES OVER HORMONE REPLACEMENT THERAPY.
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Abstract: Hormone replacement therapy (HRT) was introduced in order to overcome the problems associated
with tissue catabolism to which postmenopausal women are particularly prone. However, it is widely accepted
that estrogen is essential for breast tumorigenesis. Therefore, the question is raised as to whether HRT in a long
perspective can increase the risk of breast cancer development. Moreover, the results of many observational
studies do not fully support the protective effects against e.g., cardiovascular diseases. This mini review
summarizes the results of recent studies indicating the benefits and risks related to HTR.
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About five million menopausal and postmeno-
pausal women live currently in Poland and this num-
ber is growing (1). The menopause is complete with
the loss of ovarian estrogen production. However,
substantial amounts of a weak estrogen, esteron, are
produced by a peripheral tissue e.g., the aromatiza-
tion of androstenedione (Figurel) (2, 3). The levels
of esteron in circulation are not sufficient to sup-
press pituitary gonadotropin levels; thus, marked in-
creases of luteinizing hormone (LH) and follicule-
-stimulating hormone (FSH) are characteristic of the
postmenopausal years. Gonadotropin—releasing hor-
mone (GnRH) may also be involved at the onset of
menopause. Postmenopausal women are particular-
ly prone to two problems associated with tissue ca-
tabolism. Esteron is not always able to prevent the
atrophy of secondary sex tissues, particularly the
epithelium of the lower urinary tract and vagina.
Osteoporosis is a major health problem for older in-
dividuals while women with the most severe decre-
ase in bone mass have lower than normal estrogen
levels. Another effect of reduced estrogen produc-
tion is changes in the cardiovascular system (4-6).

Prevention of all these negative changes in
postmenopausal women’s bodies was the reason for
implementing exogenous estrogens for therapeutic
purposes. Hormone replacement therapy (HRT) has
developed over the decades from the simple (estro-
gen alone) to the complex (cyclic or continuous re-
gimens with estrogens and progestins). The type(s),
doses, and forms of hormone are essential to ratio-
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nalize HRT. The most common treatment regimen
includes: natural estrogens (i.e., 17B-estroadiol, es-
triol, estron, and conjugated equine estrogens) in
a combination with one progestin (e.g., norethiste-
ron, lynestrenol, medroxyprogesterone acetate, re-
troprogesterone, didrogesterone, duphaston, micro-
nised progesterone) (1, 5, 7).

Despite the presumed advantages, however,
observational studies and clinical trials do not give
a clear answer about the absolute safety of HRT usa-
ge and do not fully support their protective effects.
The therapy seems to have many side effects, which
include e.g., vaginal bleeding, a higher clots proba-
bility, an increased risk of breast and uterine cancer;
thus, a critical evaluation of the HRT benefits and ri-
sks is still necessary.

Endogenous estrogens

In premenopausal women, estrogens are main-
ly produced in and secreted from gonads. However,
a number of extragonadal sites for estrogen synthe-
sis exist, which in men and in postmenopausal wo-
men become a major source of estrogens which inc-
ludes adipose tissue, skin, bones, vascular endothe-
lium, aortic smooth muscle cells, brain, breast and
endometrial cancer tissues (8-10). Gonadal and
extragonadal sites differs substantially: 1) an estro-
gen synthesis beyond gonads acts at the local tissue
level and only when it escapes the local metabolism
are its products released to the circulation; 2) extra-
gonadal sites are incapable of converting cholesterol
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to the C,, steroids; thereby an extragonadal biosyn-
thesis of estrogens depends on an external source of
precursors: testosterone (in men), androstenedione,
dehydroepiandrosterone (DHEA), DHEA sulphate
(DHEAS), and estrone sulphate (in women, mainly
postmenopausal ones).

Estrogen acts in an intracrine, paracrine, or en-
docrine manner, wherever estrogen receptors exist.
Estrogens stimulate the development of tissues invol-
ved in reproduction. Under estrogen stimulation, the
vaginal and uterine epithelium proliferates and dif-
ferentiates. Estrogens are responsible for the deve-
lopment of secondary sex characteristics in females
(4). Estradiol also has an anabolic effect on bones
and cartilages providing high bone mineral density.
Estrogen production in bones appears to be vital for
the prevention of osteoporosis (11). By affecting pe-
ripheral blood vessels, estrogens cause a rapid and
long-term vasodilatation by a nitric oxide (NO) rele-
ase with or without altering gene expression. Thus,
premenopausal women are relatively protected aga-
inst cardiovascular diseases in comparison with
men. Besides, estrogens play a major role in body
homeostasis by influencing the electrolyte- and wa-
ter balance, and temperature regulation. An extrago-
nadal synthesis in several brain sites has an influen-
ce on sexual behaviour, and may have a role in the
maintenance of cognitive function (4, 12). Thus, es-
trogens play several important physiological roles
and the hormonal supplementation seems to be a re-
asonable alternative to diminished natural produc-
tion.

Potential benefits of HRT
Cardiovascular system

Cardiovascular disease (CD) is the major cau-
se of death among postmenopausal women (11).
Most epidemiological studies from the last decade
of the 20" century have indicated the primary pre-
vention of cardiovascular disease among current
HRT users (5, 11). However, these studies (usually
on surrogates’ endpoints, like lipid profile) were
not completely reliable. The need for prospective,
randomized, controlled studies was obvious. The-
refore, the data from the Heart and Estrogen/Proge-
stin Replacement Study (HERS) were surprising
(13). The HERS was the first large randomized,
placebo-controlled, secondary prevention trial that
monitored 2763 women with established coronary
heart disease (CHD) for an average of 4.1 years of
HRT (conjugated estrogens plus medroxyprogeste-
rone acetate oral tablets) to determine the risk of
further CHD events. The results suggested no car-
dioprotective effects in women with established

CHD and even showed a potential for increased
CHD events during the first year of therapy. The
findings of the HERS II trial, the unblinded conti-
nuation of HERS (reported in 2002, with 2321 par-
ticipants, an additional follow-up average of 2.7
years, the total average follow-up of 6.8 years) sho-
wed no differences between HRT and the placebo
in terms of primary and secondary CHD events
(14). In 2000, the Women’s Health Initiative
(WHI) Project found a small, increased risk of car-
diovascular disease, and the Estrogen Replacement
and Atherosclerosis (ERA) Studies showed no ef-
fect on the atherosclerosis risk after three years
(15, 16). Also, other reports indicated on incre-
asing rather than a decreasing tendency among
HRT users and a risk of coronary artery disease
(17). Contradictory, however, in the clinical trial of
Madsen et al. (18), were the beneficial effects of
HRT shown on the blood fibrinolytic capacity. Si-
milarly, Cerquetani et al. (19) presented data indi-
cating that HRT improved the endothelial function
and reduced the plasma levels of endotelin-1 in
postmenopausal women at risk of cardiovascular
disease. To sum up, the influence (positive and ne-
gative) of HRT on cardiac events requires critical
evaluation. The results of current studies do not
support the application of HRT for protection aga-
inst cardiovascular diseases.

Bone structures

The vasomotor symptoms of menopause and
the negative impact on bone mineral density (BMD)
due to chronic estrogen deficiency were two major
indications for hormone therapy during and after
menopause in the last decade of the last century (35,
11). Low BMD is an important fracture risk of the
vertebra and hip (13). The results of epidemiological
studies supported the use of HRT in order to prevent
osteoporotic changes after menopause. Clinical
trials were in the minority, and the results in favour
of HRT were unreliable (too small and poorly ana-
lyzed) (20). Recent studies on HRT (15, 20- 22) sug-
gested that: 1) the estrogen supplementation must be
continued (10 years after HRT cessation, the BMD
and fracture risk seemed to be similar to the never-
-users of HRT); 2) low-dose HRT is safe and effec-
tive for the prevention of postmenopausal bone loss;
3) the prevention is not related to the age of the pa-
tient; 4) there are many alternatives to HRT for bo-
ne loss prevention. It has to be noticed that the WHI
(15) study was the first large (27 000 women), ran-
domized, placebo-controlled trial to determine the
absolute risks and benefits of estrogen therapy in he-
althy, postmenopausal women.
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Dementia

The prognosis for 2020 estimates 35 million
Alzheimer’s disease sufferers (1). When estrogen
receptors have been found in numerous sites in the
brain, estradiol becomes potentially relevant to the
pathogenesis and treatment of Alzheimer’s disease,
the most common cause of dementia. The observa-
tion of the disease mostly among female patients
supported the statement. Unfortunately, at present,
there is no evidence that at least one-year HRT (na-
mely estrogens) prevents memory loss or slows the
progression of dementia (11, 20).

Insulin sensitivity

The menopause period is undoubtedly associa-
ted with body fat distribution changes with preferen-
ce for the abdomen; besides, decreased insulin sen-
sitivity might be observed (23) and may predict ty-
pe 2 diabetes. Recently, Sites et al. (6), regardless of
their previous hypothesis, found a 17 % decrease in
insulin sensitivity in the HRT group by 6 months
persisted for two years. Fortunately, this reduction
was reversible after one year of HRT discontinuing.
It was a preliminary trial while the patients group
was relatively small, they used only one regimen
(conjugated estrogens plus medroxyprogesterone
acetate), and all the women were early postmeno-
pausal. Interestingly, no significant affect on body
composition or body fat distribution was found.
Thus, diabetes prevention by HRT should be the
subject of more detailed studies.

Cancer risk related to HRT

It is clear that hormones affect carcinogenesis
both by epigenetic and genetic mechanisms (24, 25).
The possible effect of HRT on cancer induction is con-
sidered the main risk factor related to this treatment.
The main targets are endometrial, ovarian, cervical,
colon, and breast cancer. The pathogenesis of all the-
se carcinomas seems to be connected more or less
with changes in estrogens level. Most observations ha-
ve shown that appropriate HRT regimens (i.e., proge-
stins for at least 10 days in each cycle) can reduce the
risk of endometrial hyperplasia (5, 20, 26-28). In the
case of ovarian and cervical cancer there is no epide-
miological or clinical evidence that HRT can be carci-
nogen (26-28). In contrast, some observational studies
have shown a reduced risk of colon cancer in women
treated with HRT (25). The breast cancer risk among
HRT users is still contradictory.

Breast cancer etiology
The human breast is undergoing changes through-
out life, both as part of the normal menstrual cycle

and in pregnancy. During each estrous cycle, proli-
feration occurs, followed by apoptosis of the epithe-
lial cells. It is thought that this intrinsic dynamic abi-
lity of breast cells to be continuously influenced and
remodeled makes them especially susceptible to car-
cinogenesis (29). Specific pathological findings and
genetic hereditary or somatic alternations seem to be
major factors in developing breast cancer. The mo-
lecular mechanisms underlying the development of
mammary carcinoma are not completely understo-
od. Beckmann et al. (30) suggested a hypothetical
model of breast cancer to show how complicated the
evolution and the interaction of the genetic predis-
posing factors of the disease could be. For now, it is
well known that up to 60% of premenopausal and up
to 75% of postmenopausal breast cancer patients ha-
ve estrogen-dependent carcinomas (31). A large
amount of data implicates estrogens in the etiology
of human breast cancer (32), thereby an increased
cumulative endogenous (e.g., early age at menarche
(<12 years), late age at menopause, late first full-
-term pregnancy) and exogenous (i.e., hormone re-
placement therapy and oral contraceptives) exposu-
re to hormones being the fundamental risk factor of
the disease. Estrogens, like the other hormones, af-
fect breast cancer development by the epigenetic
mechanism such as the stimulation of cell prolifera-
tion and reprogramming of cellular differentiation.
In addition, estrogens can also cause genetic altera-
tions by mechanisms not involving the classic estro-
gen receptor. As tumor promoters, the effects of es-
trogens are related to the duration and timing of
exposure (25). In contrast, the action of estrogens as
initiators is more controversial. Nevertheless, estro-
gen-induced carcinogenesis in the mammary gland
is complex and requires both receptor-mediated and
genotoxic events for neoplastic development (24,
25). Only a weak carcinogenic activity is to be
expected, because all estrogens are endogenous hor-
mones at low picomolar levels and a strong carcino-
genicity would have provided a disadvantage to hu-
mans. A natural estrogenic hormone exerts genoto-
xicity most likely via metabolic activation to cate-
chol estrogens (4-hydroxylation at the A ring by the
product of CYPIBI to 4-hydroxyestron), and the
subsequent induction of specific gene mutations.
The metabolism of estrogens mostly occurs in the li-
ver with 2-hydroxylation as the major breakdown
process. Other metabolising tissues include kidney,
intestines, breast, and uterus, where 4-OHE, is the
dominant catechol estrogen (13, 33, 34). The 4-
OHE, has been shown to be a strong carcinogen that
was in an animal model, and a significant increase of
this metabolite has been reported in human breast
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cancer (35, 36). In contrast, 2-OHE, does not exhi-
bit any carcinogenic activity reported.

Numerous factors contributing to breast cancer
have been described so far, sex and age, the family
history of the disease, some genetic factors (i.e.,
germ-line mutations in BRCAI and BRCA2) which
are one of the few identified as directly associated
with an increased risk of breast carcinoma, and life-
style factors such as physical activities, cigarette
smoking, alcohol consumption, diet habits, and so-
cioeconomic status (37-40).

HRT and breast cancer

Most researchers and physicians supported the
statement that a high exogenous estrogen supple-
mentation was associated with an increased risk of
breast cancer incidence among postmenopausal wo-
men (20, 28, 41-44). Surprisingly, lower grade, less
aggressive tumors, with a lower probability of large
tumor diagnosis, negative axillery lymph nodes ha-
ve been found simultaneously at the time of diagno-
sis (5,42, 44, 45). Regardless of the majority of such
statements, trials with contradictory results were al-
so presented (37, 46). Moreover, the density of the
breast tissues (a well-known breast cancer risk fac-
tor) among HRT users was significantly higher com-
pared to never-users (42, 47). Mostly, a higher estro-
gen level in the HRT regimen was announced as less
favorable to the prevention of breast carcinoma. Be-
sides, the longer (>10-15 years in different studies)
the treatment, the higher the risk of cancer (38 , 42,
43). Although the effect was found reversible, and
no increase in the risk of breast cancer was shown fi-
ve and more years after the cessation of HRT among
former-users in comparison to never-users (43, 48).
An additional dilemma brought the role of progesta-
gens on the breast tissue to the fore. Initially, protec-
tion against the development of breast cancer (like
in the case of endometrial carcinoma) was hypothe-
sized. Later, no connection between progestins and
the disease’s appearance was suggested (42) and, fi-
nally, the most recent studies of the WHI and the
MWS brought opposite conclusions for HRT (15,
49). The WHI project was started in the year 1995 in
the USA, but the estrogen/progestin part of the trial
was prematurely stopped after 5.2 years (the plan-
ned duration was 8.5 years), because the weighed ri-
sks outweighed the benefits (the risk of cardiovascu-
lar disease). The WHI combined HRT trial reported
a slightly increased risk of breast cancer on a conti-
nuous, combined estrogen (conjugated equine estro-
gens) and progestin (medroxyprogesterone) regimen
after up to 5.2 years of treatment. Only women who
received hormone therapy for 5 or 10 years before

entering the study and, then, an additional 5.2 years
of treatment in the study had a significant increase in
the risk (50). In contrast, more recent WHI Estrogen
Only Study found no increased risk of breast carci-
noma related to therapy (51), showing the possible
harmfulness of progestins to breast tissue. The Mil-
lion Women Study (MWS), a retrospective/prospec-
tive epidemiological cohort study, showed basically
similar results (49). The study found that women
using any type of HRT (combined or estrogen alone
regimen — no differences) for more than 1 year had
a relative risk of breast cancer of 1.45 when compa-
red to non-users. However, the findings of the MWS
could be overestimated by the fact that the popula-
tion included in this screening program (only volun-
teers — usually women concerned about their health)
was at a higher risk than the standard population.

Another issue associated with HRT is the treat-
ment of breast cancer survivors. Common sense has
suggested the absolute contraindication of HRT
after breast cancer diagnosis. Usually, doctors wo-
uld not take the risk of HRT treatment. Firstly, the-
re seemed to be the possibility of a recurrence indu-
ced by exogenous hormones. Secondly, the interac-
tion between the HRT component and antiestrogenic
drugs was pointed out. However, estrogen-deficien-
cy effects in breast cancer survivors are often more
serious and persist for longer as a result of a natural
menopause or subsequent side effects of their treat-
ment (e.g., ovarian ablation, chemotherapy, tamoxi-
fen) (44). According to the recent analyses, it should
be noted that none of the studies demonstrated an in-
crease in cancer progression among breast cancer
survivors treated with HRT (46, 52-54). It is widely
suggested that before a breast cancer survivor with
severe menopausal symptoms would start HRT, an
alternative treatment should be used and the patient
must be aware of the possible risk of HRT therapy
(44, 53- 55).

SUMMARY AND CONCLUSIONS

The basic weak sides of the trials on HRT re-
ported so far are: 1) the small number of patients (al-
though HRT up to 2-3 years is very common, the
long-term treatment is quite rare; breast cancer su-
rvivors with HRT usage are even fewer) (20, 52); 2)
usually observational studies, the clinical ones in
a minority; 3) selection criteria varied considerably.
The facts mentioned above make the comparison of
different studies very difficult and unreliable.

It is highly probable that the estrogen (and its
metabolites) replacement could be related to the pro-
motion of pre-existing breast cancer, rather than be-
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ing involved in direct de novo carcinogenesis (7,
28). Although no synergism between some repro-
ductive risk factors and HRT was found (43), all ge-
netic and environmental factors influencing estrogen
homeostasis should be taken into consideration.

In general, hormone replacement therapy was
first applied in order to prevent and control meno-
pausal symptoms (hot flushes; night sweats; climac-
teric, depressive mood; atrophy processes of genito-
urinary tract — vaginal dryness, urogenital infec-
tions) and improve the quality of life (11). Besides,
numerous benefits were announced and new indica-
tions for HRT usage are shown (e.g., osteoporosis,
increased cardiovascular disease risk, susceptibility
of dementia). Nevertheless, the final conclusion
from recent observational and clinical trials brought
only very limited indications for HRT. Serious vaso-
motor symptoms of menopause reducing the quality
of life and osteoporosis resistant to other types of
treatment remain the only adequate application.
Short-term treatment (<5 years) was associated with
only a low risk of breast cancer in most studies, and
it seems to be quite safe. But the long-term therapy
was connected with a slight but significant increase
in the risk of breast cancer development, and such
regimens (>5 years) should always be discussed
with a patient to estimate the risk-benefit ratio. Ide-
ally, the withdrawal of HRT should be attempted
after 4-5 yeas of therapy. Despite some benefits such
as an increased bone mineral density, and a decre-
ased risk of fracture and colorectal cancer, most re-
cent data suggest that the risks of HRT usage out
weigh the benefits (17, 57, 59).

In conclusion, the growing need for an indivi-
dualization of an appropriate regimen of HRT (the
aim of the application, dose, route of administra-
tion, and regimen) is quite obvious. Similarly, there
is a further, striking need for a more complex, clini-
cal, big cohort trial in order to dispel the controver-
sies over hormone replacement therapy. Truly, little
do we know about hormones and their functions.
Finally, it is well established that in the process of
breast carcinogenesis caused by estrogens, the ma-
jor factor is the local production of hormones, and
the level of estrogens in the blood is the second is-
sue (9, 10). Thus, the problem which should be so-
lved is the effect of “exogenous estrogens” from
blood circulation on mammary carcinoma develop-
ment.
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