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Abstract: Menopause is an endocrine condition due to the decline in ovarian activity, which occurs in all women and is
characterized as a progressive hypoestrogenism. To minimize damage from lack hormonal activity, hormone replacement
therapy has been developed (TRH), which is widely used around the world, often without criteria pre-established. Thus, this
study aims to identify hormonal therapies used postmenopausal and relate them to the development of tumors. In addition,
identify the criteria for the use of HRT, the utilization time and women who are part of the risk groups are also objectives of this
study. In the beginning, the clinical methodology of HRT included only estrogen, but epidemiological studies have observed that
the progestin presence is essential in endometrial hyperplasia control adding to the therapy. Progestogens act depending on its
molecular structure, and consequently selectivity, or may interact with other steroid receptors. From this interaction, different
pharmacodynamic answers about importance in the development of tumors can be observed, ie, progesterone activity, estrogen,
antiestrogen, androgen and / or antiandrogen. In view of the mechanism of carcinogen administration of estrogens, it can be said
that HRT increases the risk of breast, uterus and ovary cancer. However, the estrogenic actions may be adjusted when there is
administration of progestin drugs and with antiestrogenic and antiandrogenic actions. Given this, in menopausal women, it is
advisable to trace gynecological cancer, before, during and after any therapeutic interventions, and the decision of using and the
choice of HRT on an individual basis, through a careful assessment of signs and symptoms and long-term risk.
Keywords: Hormonal replacement therapy, Cancer, Estrogens, Progestogen

1. Introduction
Menopause is an endocrine condition due to the decline in
ovarian activity, which occurs in all women and is
characterized as a progressive hypoestrogenism. Thus, the
menopause is the point at which menstruation ceases
permanently as a result of loss of ovarian follicular activity. As
the ovarian follicles produce estrogen and progesterone,
hormones with autocrine and paracrine activity, menopause
causes several physiological changes because of the decrease
of these hormones [1,2].
Estrogen deficiency implies to vasomotor symptoms [3],
urogenital atrophy [4], cognitive decline [5], as well as
increased risk of chronicity-co-degenerative diseases such as
atherosclerosis [6], cardiovascular disease [7], osteoporosis [8]
and Alzheimer's disease [5]. Progesterone, in turn, acts by

modulating estrogen-gene effects [4], acting in many cases
even in control and reducing the risk of estrogen-dependent
cancers, eg breast [9], uterus [10] and ovarian [11].
In order to minimize this damage caused by the absence of
hormonal activity, hormone reposition therapy (HRT) was
developed, which is widely used around the world, often
without pre-established criteria [12].
Until the 80s, HRT was made using only estrogen, thereby
reducing, vasomotor symptoms, vaginitis and osteoporosis
[13]. However, studies indicate that this treatment was
associated with a significant increased incidence of
endometrial carcinoma [14, 15, 16], related by continuous
stimulation of endometrial hyperplasia by estrogens acting
unopposed of progestin. From that point, the preparations used
in HRT contain a combination of estrogen and progesterone
[12]. However, HRT in some women may generate more
harmful effects than good ones. This will depend on the
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presence of risk factors, hormones used, the utilization time
and real necessity of implementing of this treatment.
Thus, this study aims to identify hormonal therapies used
postmenopausal and relate them to the development of tumors.
In addition, identify the criteria for utilization of HRT, the
utilization time and women who are part of the risk groups are
also objectives of this study.

2. Drugs and HRT
Currently, the therapeutic regimens in HRT can be
administered in a cyclic or continuous manner, including the
joint use of hormones (combined) or the administration of
estrogens and progestin isolated. Initially, the HRT of clinical
methodology included only estrogen [13], but some
epidemiological studies found progestagen presence is
essential in endometrial hyperplasia control, adding to the
therapy [14-16]. In continuous HRT, hormone administration
takes place without interruption and can be performed in a
simple way (when used estrogens or progestins alone) or in
combination (estrogens and progestins associated). In the
cyclic or sequential regimen, estrogen is administered
continuously and the progestin is added for ten to fourteen
days of the cycle each month [17, 18]. The main associations
found in HRT are listed in Table 1 [19, 20].
The main endogenous estrogens are 17β-estradiol, estrone
and estriol. The phenolic ring attached to a hydroxyl radical
present in these hormones is the main structural feature

responsible for the selective binding and high affinity to
estrogen receptors. In the body, the highest affinity is observed
for 17β-estradiol, followed by estriol and estrone [21]. The
synthetic estrogens are mestranol, ethinylestradiol, quimestrol
and diethylstilbestrol [13]. Ethinylestradiol is the most
common synthetic estrogen in HRT, and the higher potency
because it has high small intestinal absorption and first pass
metabolism in the liver [12].
In women of reproductive age, the ovaries are the main
source of circulating estrogens, favoring the production of
estradiol and testosterone from the estrone and
androstenedione, respectively. In the liver, estradiol is
converted into estrone and then to estriol. In postmenopausal
women, the main source of estrogen is estrone, synthesized
from dehydroepiandrosterone (DHEA) in adipose tissue [21].
For the progestogen, the natural hormone is progesterone
and the amount of synthetic derivatives far exceeds estrogens,
both in quantity, but mainly in the diversity of biological
effects. Examples of derivatives are cyproterone acetate,
medroxyprogesterone
acetate,
nomegestrol
acetate,
diidroxiprogesterona, norgestrel, trimegestone and others, as
well as derivatives of testosterone such as norgestimate,
desogestrel and levonorgestrel and also drospirenone having
similar structure to spironolactone [22]. All chemicals that
mimic the action of progesterone are called progestins or
progestogens and their biological properties depend on their
molecular structure and consequent selectivity [23, 24].

Table 1. Main associations (estrogen and progestogen) found in HRT
Commercial Name
Activella®
Angeliq®
Cliane®; Climagest®; Elleste Duet®; Estracomb TTS®; Evorel Conti®;
Kliofem®; Kliovance®; Novofem®; Nuvelle Continuous®; Systen Sequi®
Climene®
Climesse®; Clinorette®; Trisequens®
Dilena®; Indivina®; Tridestra®
FemHRT®
Femoston®
FemSeven Conti®
Jinteli®; Mimvey®
Lindisc Duo®; Progynova®
Prefest®
Premelle®; Premique®; Premphase®; Prempro®
Prempak-C®

That is, progestins can interact with other steroid receptors,
e.g., androgenic, estrogenic and even mineralocorticoids and
glucocorticoids [22]. From this interaction, different
pharmacodynamic answers and the importance in the
development of tumors can be observed, ie progesterone
activity, estrogen, antiestrogen, androgen and / or
antiandrogen. Progestogens drugs used in HRT with their
respective shares are listed in Table 2.
The progesterone actions are mediated by the progesterone
receptor (PR, or also known as NR3C3 nuclear receptor
subfamily 3). Have been identified in humans two isoforms
for this receptor, PR-A and CP-B, which are derived from a
single gene and control transcriptional factors [26, 27]. PR-A

Estrogen
Estradiol
Estradiol

Progestogen
Norethindrone acetate
Drospirenone

Estradiol

Norethindrone acetate

Estradiol
Estradiol
Estradiol
Ethinylestradiol
Estradiol
Estradiol
Ethinylestradiol
Estradiol
Estradiol
Conjugated estro.
Conjugated estro.

Cyproterone acetate
Norethisterone
Acetato de Medroxiprogesterona
Noretindrona
Diidrogesterone
Levonorgestrel
Norethindrone acetate
Norgestrel
Norgestimate
Medroxyprogesterone acetate
Norgestrel

acts as an inhibitor of transcription of other steroid receptors
such as estrogen and androgen, and PR-B mediates the
stimulatory activity of progesterone [27]. Thus, the progestin
activity promotes cell differentiation and is capable of
modulating the estrogenic effect (remarkable effects of cell
proliferation).
Estrogens exert their physiological effects by interacting
with nuclear receptors, which can be of two types, ERα and
ERβ. The ERα is present in more abundant amounts in the
female reproductive tract, mainly the uterus, vagina and ovary,
as well as in the mammary gland, the hypothalamus,
endothelial cells and vascular smooth muscle. ERβ, has higher
expression in the ovary and lower in the lung, brain and
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vascular system [28, 29]. The activation of nuclear receptors is
followed by conformational changes in its structure to allow
specific DNA sequences, called the steroid responsive
elements (ERE), to bind to them. Transcription of early
regulatory genes is induced upon binding of the complex to
hormone receptor ERE. Early gene regulatory transcribe
mRNA for proteins that enter the cell nucleus and regulate
transcription of the late genes, which in turn encode mRNA
for proteins, in other words, estrogen receptors activate
transcription factors in the DNA responsible for regulating cell
proliferation and homeostasis [30]. Therefore, substances with
estrogenic activity induce cell proliferation and hyperplasia,
increased risk of cancer and increasing aggressiveness of
possible tumors. . Thus, the progestins acting on estrogen
receptors, such as tibolone and norethindrone acetate mimic
this effect. As for the antiestrogen action with progestins are
capable of reducing the effects of estrogens and minimize the
risk of neoplastic and other estrogenic effects HRT.
Table 2. Shares of the major progestins used in HRT.
Progestin / Action
Cyproterone acetate
Medroxyprogesterone acetate
Nomegestrol acetate
Norethindrone acetate
Desogestrel
Diidrogesterone
Drospirenone
Levonorgestrel
Norgestimate
Norgestrel
Progesterone
Tibolone
Trimegestone

P
+
+
+
+
+
+
+
+
+
+
+
+
+

E
+
+
-

AE
+
+
+
+
+
+
+
+
+
-

A
±
+
+
+
+
+
+
-

AA
++
±
±
+
±
-

P (pregestogenic); E (estrogenic); AE (antiestrogen); A (androgen); AA
(antiandrogen); ++ (Very strong); + (Strong); ± (slight); - (Poor). Adapted
from [22, 25]

The androgenic hormones, especially testosterone, are
indicated in menopause in order to increase libido and sexual
pleasure [31]. Effects such as increased bone density and
muscle mass are also highlighted, making it useful in skeletal
muscle strengthening as necessary for a healthy aging [32].
However, excessive testosterone in women can lead to the
appearance of acne, hirsutism, aggression, water retention,
increased blood pressure, fibrinogen, visceral fat and free fatty
acids and insulin resistance as well as reduced HDL [33]. In
this case the action of insulin resistance reduces glucose
uptake in skeletal muscle, liver and adipose tissue. As a result,
the pancreas starts to produce and release more insulin to
maintain normal glucose levels, thereby increasing circulating
insulin levels in a compensatory hyperinsulinemia mechanism
[34]. Insulin has mitogenic action and the state of
hyperinsulinemia is associated with increased risk of cancer,
including breast, prostate and colon cancer [35, 36].
The hormones with androgenic characteristics are
converted to estrogens by the action of the aromatase enzyme
complex. At menopause, these enzymes are found mainly in
adipose tissue and liver, and use as intermediates the
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testosterone or androstenedione in the conversion of
oestradiol [28]. It is observed that aromatase activity is
increased in obesity management and, as a result, there is an
increase in estradiol formation and increased risk of tumors
[37]. It is known that testosterone may influence the risk for
breast cancer directly, or indirectly (in the conversion to
estradiol). Androgen receptors have been identified in breast
cancer cells and were revealed the association of free
testosterone levels with breast cancer, regardless of
bioavailable estradiol concentration [38, 39].
However the anti-androgenic activity is observed both
estrogens as progestins, because there is inhibition of
gonadotropin secretion in the activation of ER receptors and
competition for androgen receptors through progestins [29].
Thus, progestogens with antiandrogenic action decrease the
effects of androgen hormones.
HRT may be administered orally, parenterally,
transdermally or topically in accordance with the structure of
each drug [28]. Administration of progestin and estradiol by
transdermal route, topically or parenterally, prevents the
enterohepatic metabolism, causing less potential for
stimulation of hepatic proteins on lipoprotein profiles,
triglycerides and coagulation factors, with the most favorable
risk cardiovascular disease and thromboembolism. That is, in
the oral estrogen therapy, pass through the liver induces
increased synthesis of various proteins such as clotting factors,
carrier and genotypic sex steroid binding globulin (SHBG),
which may cause hypercoagulability, increased blood pressure,
decreased free fraction of circulating estrogens, respectively
[13, 40].
Oral treatment of HRT has favorable effects on lipid
metabolism by hepatic lipase enzyme blockade. Estrogens
slightly elevate serum triglyceride levels and decrease total
cholesterol. Also, there is an increase in HDL and a decrease
in LDL [41].
The combined administration of estrogens and progestins,
orally, demonstrated increased plasma insulin levels showing
the harmful action of therapy in insulin action. transdermal
hormone treatment had little effect on insulin metabolism [42].
The transdermal administration of estradiol lead to the slow
and continuous release of the hormone, systemic distribution
and more stable blood levels than the oral dosage form [21].
The creams containing estradiol conjugated estrogens
present local effectiveness and may have systemic effects due
to significant absorption of these hormones. Further, the
estradiol may be administered by slow release through vaginal
rings for use three months or vaginal tablets. Injectable drugs
(intramuscularly) show prolonged action for oily preparations,
in other words, estradiol esters becomes less polar as the size
increases the absorption of substituents and is progressively
reduced. A single intramuscular injection of compounds, such
as estradiol valerate or estradiol cypionate in oil, can be
absorbed per weeks [21].
The continuous regimen with oral conjugated estrogens
increased serum SHBG after one year of treatment, while
transdermal therapy did not affect the concentration. Still, free
testosterone levels were not affected during the oral and
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transdermal treatments [43]. Thus, it was observed that oral
treatment can balance increased stimulation of estrogen in
tissues by increasing SHBG.

3. Molecular Mechanism of HRT
Carcinogen
Although homeostatic functions, hormones are among the
most important factors that induce or modulators of tumor
cells [44]. It is believed that hormonal carcinogenesis different
from those induced by viruses or chemical agents, cell
proliferation does not require a specific initiator. In this case,
are the hormones that induce cell proliferation, resulting as a
consequence of genetic mutations that give rise to neoplastic
cells [45].
Among the hormone dependent cancers stand out breast
cancer, uterus (endometrium and smooth muscle) and ovary
[46], but other types are also being related to the action of
hormones such as testis, prostate, thyroid and osteosarcoma
[47]. The use of HRT may also increase the risk of relative
meningioma [48].
Breast cancer is the second most common in the world and
the most common among women. In 2014, were estimated
57.12 million new cases of breast cancer. However, for
cervical cancer were 15 million new cases and 5.68 million for
ovarian cancer [49, 50].
In hyperplastic and neoplastic processes, normal growth
control mechanism is changed as a result of changes in cell
proliferation mediators expression (TGFα, VEGF, PDGF,
IGF-1 and IRS) and activation proto oncogeneses (c-met
proto-, myc, HER-2, etc.) [51].
When neoplastic reach proto oncogenes, which are at first
inactive in normal cells are transformed into oncogenes, genes
with potential to transform normal cells into neoplastic,
through protein coding. These cells then are called tumor [52].
Tumor cells now begin to multiply out of control, requiring for
it, new blood vessels for nutrition, in a process called
angiogenesis [53]. The estrogen receptor, when activated,
catalyzes the expression of MAPK proteins (protein kinase
activator mitosis) determining the inhibition of apoptosis.
Receptor activation also results in increased expression of
EGFR (epidermal growth factor receptor) and synthesis of
mRNA, facilitating a higher rate of tumor growth [54].
Estrogens also activate VEGF-A (vascular endothelial growth
factor) which is related to the process of angiogenesis and
closely related with proliferative processes [55].
The mass accumulation and cells form malignant tumors,
which have characteristics of invasiveness and metastasis. Thus,
migration and invasion of other tissues becomes a matter of
time, which depends on the location, the body's defenses,
endogenous and exogenous factors pro- and anti-tumor and
tumor type. If reach blood vessels or lymphatic system, increase
the chance to migrate to other organs distant from the tumor
origin site, forming metastases and worsening of the patient's
recovery perspective. And as the cancer cells will replace
normal cells, injured tissues lose their functions [53].

3.1. Endometrial Cancer
Endometrial cancer is the sixth most common type among
women, with approximately 319 000 new cases in the word
[56]. The incidence occurs in 80% of cases, perimenopausal
and postmenopausal, with women over 60 years, a risk four
times greater than from 20 to 60 years. It's a rare incidence in
women younger than 50 years [57].
The relationship of endometrial cancer with estrogen
replacement therapy (ERT) has been observed in studies in the
1970s. Experimental and epidemiological evidence showed
that the increase in the incidence of cancer was directly related
to the dosage-time dependent use of estrogens. Progesterone
was then added in therapy after having a protective effect
[58-60].
Continuous stimulation of endometrial hyperplasia by the
action of estrogens without opposition by progesterone leads
to the development of endometrial cancer. The effects of
progesterone in endometrial cell proliferation stimulated by
estrogen action were observed in reducing the amount of
estrogen receptors, increased local conversion of estradiol to
estrone and less potent in the endometrial conversion of
proliferative action of the secretory state [10, 13, 28]. The
isolated treatment with ERT increases the risk of
endometriosis and determines the risk two to three times of
endometrial cancer in women with a uterus compared to
non-users of therapy [61, 62]. However, progestin association
in 12 day cycles, or at least continuously demonstrated a
protective effect on the endometrium, determining similar risk
between users and non-users of HRT [63].
In patients who underwent hysterectomy, endometrial
carcinoma is no longer worrying and estrogen is usually more
used alone [64]. However, it is noteworthy that other
dependent hormones cancer, such as breast cancer also is at
risk in HRT.
The dose and duration of estrogen therapy are the biggest risk
factors for the development of endometrial cancer. The longer
the duration of therapy, the greater the relative risk of
endometrial cancer [10]. With the use of HRT for more than 10
years, the risk is eight to ten times greater, 46 representing the
most cases of endometrial cancer in women 100,000 / year [65].
In addition, factors such as metabolic syndrome, obesity,
insulin resistance and Type II diabetes, also promote
endometrial stimulation and increase the risk of cancer [66].
3.2. Breast Cancer
Breast cancer is the second most common type in the world,
is the most common among women, accounting for 22% of
new cases each year and an estimated 57,120,000 new cases in
the world for the year 2014. For rare before 35, above this age
its incidence is growing rapidly and progressively [67].
There is still controversy regarding the risk of breast cancer
due to HRT. Some studies suggest that there is no increase in the
risk of this cancer, but others demonstrated a significant
increase related to duration of therapy [68, 69]. Is known that
estrogen acts by promoting cell growth by stimulating the
release of tumor growth factor alpha (TNF-alpha), and growth
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factor similar to insulin and inhibit the tumor growth factor β
[70].
Women with natural or surgical menopause and no history
of breast cancer after 5 years using estrogen with or without
progestin, had no increased risk of disease [71]. However,
after 15 years of use, there was an increase of 30% in the
group that made use of the TER [71]. Patients who had a
family history of breast cancer and estrogen users had double
the risk. However, other risk factors were not assessed as
obesity, genetic alterations and doses.
Another study found that each year of HRT use, the relative
risk of breast cancer is 2.3%, and the use of up to five years did
not significantly alter the risk. In women not using HRT,
between 50 and 70 years for every 1,000 women are expected
45 new cases of breast cancer [72].
The development of breast cancer is essentially determined
by the intensity and duration of exposure of the breast
epithelium to the joint action of prolactin and estrogen.
However, the possibility of prolactin stimulate mitotic activity
of mammary epithelial cells cannot be ignored [46].
In the assessment of the effects mediated by progesterone in
breast tissue, there was a heightened state of cell
differentiation associated with a lower ability to metastasis,
thus highlighting its importance in HRT [73].
Another recommended treatment for postmenopausal
women with estrogen deprivation would be through the use of
adjuvant endocrine therapy as an aromatase inhibitor (AI).
This works by inhibiting estrogen synthesis, and thereby
preventing the aromatase enzyme in androgen conversion to
estrogen [74]. However, the adverse effects of this therapy
may affect sexual functioning, due to the suppression of
estradiol effects [75, 76]. Among the reported effects are
vaginal dryness, decreased sex drive, dissatisfaction with their
sex life and sexual dysfunction [77]. One way to address these
effects would be through the use of AIs with vaginal estrogen,
however this association should be analyzed with caution
because the place estrogen may interfere with the ability of the
drug to suppress the production of endogenous estrogen [74].
3.3. Ovarian Cancer
In the world, were estimated 5.68 million new cases of
ovarian cancer for the year 2014 [78]. It is rare the appearance
of epithelial ovarian cancer before age 30. The age group with
the highest incidence is over 50 years [79].
The cancer of epithelial ovarian surface is quite common in
women and is the result of hormonal changes related to
ovulation [80]. After ovulation, induced by the action of
gonadotropin, the follicular fluid is secreted estrogen in
ovarian surface which determines the proliferation of
epithelial cells from ovarian surface [81].
HRT users compared to non-users, have a 50% increased
risk of developing the neoplasia. The rate of deaths from
ovarian cancer in 100,000 women is 64.4% for users for ten
years or more and 26.4% for non-users [82].
Regarding the duration of use of HRT, it was observed that
the use of estrogen for more than ten years after menopause
significantly increases the risk of death from ovarian cancer,
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persisting up to 29 years after discontinuation of use. Facing
this, taking into account the risks of therapy, hormone
replacement should only be recommended in short-term
treatment (up to five years) for symptomatic control of
vasomotor and genitourinary changes [82].

4. Risk Group
Because HRT has potential carcinogenic risk, several other
factors must be analyzed. Family history of breast cancer,
especially in first-degree relatives, is associated with a high
risk in developing this disease [83, 84]. In regard to
reproductive factors, it is observed that nulliparous and
women who had their first pregnancy after age 30 are at higher
risk for breast cancer and endometrial cancer than multiparous.
These effects are related by no exposure to long periods of
production of progesterone by the placenta. Also, early
menarche and late menopause has been associated with
increased risk of breast cancer [13, 84, 85].
Obesity is a major risk factor in the formation and
progression of breast cancer and endometrium in
postmenopausal women, whereas adipose tissue is a
predisposing factor in the formation and development of tumor
through hormonal and immunological pathways [37 86].
It has been shown that diabetes mellitus have a causal
relationship with endometrial cancer and there are indications
that it can be an independent risk factor [87]. Hypertension
frames appear to be related comorbidities of age and the
increased incidence of endometrial cancer [88].
Women with history of obesity in postmenopausal, ovarian
cancer, high breast density, benign breast disease, tobacco
exposure to ionizing radiation and organ chlorine pesticides
are at high risk of developing the mammary tumors [89].
A sedentary lifestyle associated with poor diet is another
risk group for the development of tumors. Results suggest that
moderate physical activity reduces the levels of circulating
estrogens and SHBG levels increase as a result of the
reduction of body fat [90].
In this context, it can be concluded that HRT is not suitable
for all menopausal women on, since the association between
hormone therapy and those mentioned risk groups favors the
development of neoplasms. The practice of moderate physical
activity is recommended and a balanced diet to improve
menopausal symptoms. So for women who are classified
within the risk group, careful evaluations of the needs and
risks of HRT should be performed.

5. Conclusion
In view of the mechanism of carcinogen administration of
estrogens, it can be said that HRT increases the risk of breast,
uterus and ovary cancer. However, the estrogenic action can
be modulated when there progestogen drug administration and
antiestrogenic and antiandrogenic action, then, the use of
progestin should be evaluated for the benefit is observed. That
is, the association between estrogens and progestins to
estrogen action (tibolone and norethindrone acetate) and / or
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androgenic (medroxyprogesterone acetate, norethindrone
acetate, desogestrel, levonorgestrel, norgestimate, norgestrel
and tibolone) shows an increase in the incidence of neoplasms
and should not be carried out.
Therefore, in menopausal women, it is advisable to trace
gynecological cancer, before, during and afterwards of any
therapeutic interventions and the decision of using and the
choice of HRT on an individual basis, through a careful
assessment of signs and symptoms and long-term risk.
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