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Hormone replacement therapy
(HRT) offers well-established
clinical benefits for the relief

of menopausal symptoms, improving qual-
ity of life, and may reduce the likelihood
of osteoporosis and cardiovascular dis-
ease. However, some physicians are still
hesitant in prescribing HRT, fearful that
this hormone treatment may increase the
risk of developing certain malignancies,
and, in particular, breast and gynecologic
cancers. The understanding of the bio-
logical events involved in carcinogenesis
is essential to investigate the mechanisms
by which sex steroid hormones may influ-
ence the risk of developing a malignancy.
Estrogens may be involved in tumor de-
velopment and progression by enhancing
mitosis, inducing the expression of estro-
gen receptors (ER) as well as progester-
one receptors (PgR), and promoting
vascularization. However, estrogens do
not cause DNA mutations directly, but
stimulate cell proliferation and thus in-
crease the likelihood that a DNA repli-
cation error will escape repair.

Carcinogenesis
This section refers to the main biological
mechanisms of carcinogenesis and under-
lines the possible role of sex steroid hor-

mones in this process. The human body
contains a large number of regulatory
molecules that are involved in the control
of proliferation and differentiation pro-
cesses. The control of normal cell prolif-
eration is mediated by the interaction of
activatory and inhibitory proteins.
Oncogene-encoded proteins, including
growth factors, growth factor receptors,
G proteins, cytoplasm kinases, and DNA-
binding proteins, regulate the cascade of
events that maintain the ordered progres-
sion through the cell cycle, whereas tumor
suppressor gene-encoded proteins are in-
volved either in the control of genetic
stability or in the negative regulation of
cell growth. The most widely investigated
tumor suppressor gene is p53 that encodes
a DNA-binding phosphoprotein, which
acts as a guardian of the genome integrity.
After DNA damage, the increased levels
of the protein may trigger a complex series
of reactions leading to the arrest of the cell
growth in the G1 phase or, alternatively, to
the programmed cell death termed
apoptosis. Activation of different onco-
genes and inactivation of several tumor
suppressor genes are required for the de-
velopment of a complete neoplastic phe-
notype. Deranged oncogene activation can
be triggered by several events, including
deletions in coding sequence, point muta-
tions, gene amplifications, and chromo-
some rearrangements, which result either
in poorly regulated or overexpressed pro-
teins. Tumor suppressor gene can be inac-
tivated by gene deletions, point muta-
tions or gene losses. Mutations of some
oncogenes or tumor suppressor genes in
germ cells can be responsible for inherited
cancers. The lifespan of a cell is under the
control of the progressive shortening of
DNA sequences located at the ends of the
chromosomes, called telomeres. During
cell life a progressive shortening of telo-
meres occurs. This process leads to chro-
mosome instability and eventually cell
death or growth arrest. Immortalized can-
cer cells are characterized by the lack of
progressive telomere loss, which is mainly
due to activation of telomerase, an en-
zyme that elongates telomeres. Ectopic

expression of human telomerase reverse
transcriptase (hTERT), encoding for the
telomerase catalytic subunit, has been
found to arrest telomere shortening and
to immortalize human cells, whereas
hTERT inhibition can cause tumor re-
gression in xenograft models. The modu-
lation of telomerase activity could there-
fore be a target for future molecular thera-
peutic interventions. In breast and endo-
metrial cancer cell lines, progesterone has
been shown to significantly induce the
hTERT mRNA expression after a short
exposure, and to inhibit the estrogen-
induced activation of hTERT expression
following a long-term exposure. The bio-
logical significance of these observations
remains to be elucidated. Growth factors
bind to specific cell membrane, tyrosine-
kinase receptors. The intracellular path-
ways recruited by growth factor receptor
activation lead to enhanced nuclear tran-
scription of target genes, thus enhancing
cell proliferation. Excessive amounts of
growth factors and their receptors may
influence the biological behavior of can-
cer cells and could explain the organ-
specific metastatic process of different
malignancies. Tyrosine-kinase receptors
for growth factors provide novel targets
for therapeutic intervention. Monoclonal
antibodies against epidermal growth fac-
tor receptor (EGF-R) and small molecu-
lar weight tyrosine-kinase inhibitors are
currently under evaluation as new phar-
macological tools able to block cancer
cell proliferation.

Matrix metalloproteases (MMPs) are
a family of endopeptidases able to de-
grade components of the extracellular
matrix. MMPs are regulated at the tran-
scriptional level by a variety of growth
factors, cytokines, and adhesion mol-
ecules, as well as at the post-transcrip-
tional level, since all the soluble MMPs
are secreted as inactive zymogens requir-
ing activation by cleavage of the N-termi-
nal domain. The proteolytic activity of
MMPs is also specifically inhibited by the
tissue inhibitors of metalloproteases
(TIMP) produced by several cell types
(fibroblasts, keratinocytes, endothelial

This position paper is based on the
formal presentations and subsequent
discussions that took place at this spe-
cially convened Expert Workshop.

Editor’s note: Menopause Management
is pleased to provide its readers with
this reproduction of an International
Menopause Society (IMS) position
paper on hormone replacement
therapy and cancer. This position pa-
per was published in the September
2001 issue of Climacteric (2001;4:181-
93) and in the November 2001 issue
of Maturitas (2001;40:117-30); it ap-
pears in Menopause Management with
the express permission of the IMS, and
of Climacteric and Maturitas.
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cells, and osteoblasts). Tumors have been
shown to overexpress MMPs, which seem
to be involved in tumor invasion and
metastasization, and, more recently, also
in early tumorigenesis. MMPs appear to
contribute to the initiation of tumor
growth, both at primary and secondary
sites, by regulating access to growth fac-
tors from the extracellular matrix sur-
rounding the tumor and by enhancing
neoangiogenesis. Although there is little
evidence that MMP genes contain hor-
mone-responsive elements, estrogens and
progesterone have been shown to regu-
late MMP expression in several experi-
mental systems.

The growth of solid malignancies re-
quires the development of a new vascular
bed from the pre-existing host vascula-
ture. Substantial experimental and clini-
cal evidence links tumor progression and
metastatic potential with neoangiogenesis.
Angiogenesis is modulated by several
growth factors, produced by either tumor
cells or host cells, such as basic fibroblast
growth factor (bFGF) and vascular en-
dothelial growth factor (VEGF). Tumor
vascularization is highly disorganized,
with dilated, tortuous, fenestrated ves-
sels, and with excessive branching and
uneven diameters, which could be due to
the imbalance of angiogenic factors. Es-
trogens stimulate the expression of dif-
ferent VEGF subtypes, and progestins
suppress this expression in endometrial
cancer cells.

Breast Cancer
The age-standardized incidence rate of
breast cancer world-wide is 35.6 per
100,000 females, but rates vary substan-
tially across countries and even among
racial-ethnic groups within a country. A
large amount of experimental and epide-
miological data supports a correlation be-
tween ovarian sex steroid hormones and
mammary carcinogenesis. The age-related
increase in breast cancer incidence de-
creases substantially after menopause.
There is a clear association between the
serum levels of estrogen and progesterone
and breast cell proliferation in normally

menstruating women. Serum levels of
these hormones are higher in women at
elevated risk of breast cancer (i.e., native
U.S. white women) than in those at low
risk of this malignancy (i.e., native Japa-
nese women). Besides familial history and
alcohol consumption, some of the stron-
gest risk factors for breast cancer are linked

to sex steroid exposure, including early
age at menarche, delayed menopause,
nulliparity, late age at first term preg-
nancy, and high body weight after meno-
pause. The high risk in the latter group is
likely due to estrogen production by adi-
pose tissue aromatization of androgens.
The ER is expressed in approximately
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60% of breast cancers, and the ER+ phe-
notype correlates with improved survival.
ER status is both prognostic for survival
and predictive for sensitivity to endocrine
treatment. The current standard of care in
adjuvant hormonal therapy for women
with ER+ breast cancer includes the selec-
tive estrogen receptor modulator (SERM)
tamoxifen, which improves 10-year dis-
ease-free survival by 27% in node-positive
disease and by 42% in node-negative dis-
ease, and improves 10-year overall sur-
vival by 22% regardless of nodal status.
However, tamoxifen displays some estro-
genic activity on endometrial cell prolif-
eration and the coagulation system. Treat-
ing 1000 patients with adjuvant tamoxifen
for 5 years prevents 80 deaths from breast
cancer, at the expense of two excess deaths
from endometrial cancer and one excess
death from pulmonary embolism. Ovar-
ian ablation (bilateral ovariectomy or go-
nadotropin-releasing hormone [GnRH]
analogues) remains experimental as an
adjuvant therapy but should be strongly
considered for premenopausal women with
high-risk ER+ tumors who continue to
menstruate following chemotherapy.

Ovarian ablation, tamoxifen, aromatase
inhibitors and progestins have been widely
employed in the management of meta-
static breast cancer. Hormonal therapy,
and particularly new aromatase inhibi-
tors, can be considered as the treatment
of choice for patients with metastatic ER+
breast cancer, with the exception of those
with rapidly progressive or life-threaten-
ing visceral disease for whom chemo-
therapy is usually indicated, or with
HER-2/+ disease, for whom the standard
of care includes trastuzumab.

Estrogen concentrations in breast tis-
sue are higher than in plasma, due to local
production via different enzymatic path-
ways. The principal enzymes involved in
this local production are sulfatases and
aromatases; the former group represents
the main group of enzymes expressed in
breast tissue. The aromatase inhibitors
act in part by inhibiting intratumoral es-
trogen synthesis. The control and regula-
tion of tissue estrogen production could

have a role in therapeutic strategies for
breast cancer. Sulfatase activity in breast
tissue is reduced by antiestrogens, certain
progestins and tibolone, a synthetic mol-
ecule with mixed estrogenic and progesto-
genic/androgenic activity, although the
clinical significance of this is unclear.

In vitro studies indicate that insulin-
like growth factor (IGF)-1 is a potent
mitogen for many breast cancer cell lines,
particularly for those that are estrogen
responsive. Estrogens and IGF-1 have
mutual favoring actions on breast cancer
cell proliferation. Breast cancer cells se-
crete a variety of binding proteins for IGF
(IGF-BPs), which can modulate the bio-
availability of IGFs by competing with
the IGF receptor (IGF-R). Estrogens can
increase the number of IGF-Rs in mam-
mary tissue, and decrease the expression
of IGF-BP. Moreover, IGF-1 is necessary
for maximal ER activation. High levels of
IGF-1 in premenopausal (estrogenized)
women represent a recognized risk factor
for breast cancer. HRT can modulate the
IGF system, depending on the type and
route of administration (oral, transdermal
and intranasal). However, the clinical rel-
evance of these observations is currently
unclear.

Progesterone seems to exert several
antiestrogenic effects. In fact, it can down-
regulate ER, increase the expression of
both 17β-hydroxysteroid dehydrogenase
(HSD) (the enzyme that converts estra-
diol to the biologically weaker estrogen,
estrone), and sulfotransferase (the en-
zyme which converts estrone into estrone
sulfate) and, finally, induces breast cell
apoptosis.

Women with mutations in the breast
cancer susceptibility genes, BRCA1 and
BRCA2, have an increased risk of devel-
oping breast cancer. Both BRCA1 and
BRCA2 are tumor suppressor genes: The
wild-type alleles of these genes are lost in
tumors from heterozygous carriers. These
genes have been implicated in DNA re-
pair and regulation of centrosome num-
ber. The loss of BRCA1 has thus been
associated with high mitotic grade, lack
of ER and PgR expression, and chromo-

somal instability. Hereditary tumors,
which represent 5–10% of all breast can-
cers, are characterized by a strong family
history of breast and/or ovarian cancer,
onset at early age, multifocality, bilateral
localization, and a lower expression of
ER and PgR.

The presence of a BRCA1 or BRCA2
mutation is associated with a breast can-
cer risk of 40% and 20%, at the age of 40
years, respectively, and 60-70% and 80%
at the age of 80 years, respectively. The
clinical utility of BRCA gene mutation
identification in an individual woman is
currently under evaluation, and in par-
ticular the value in BRCA mutation carri-
ers of a surgical or medical primary pre-
vention of breast cancer is still widely
debated. Risks and benefits of HRT use in
BRCA mutation carriers are also still
widely debated, and further studies are
needed to address this issue.

Strategies for preventing breast can-
cer through hormonal intervention have
been proposed. In particular, tamoxifen
has been widely investigated in the
chemoprevention of this malignancy in
high-risk patients.  A large American pre-
vention trial on more than 13,000 high-
risk women (National Surgical Breast and
Bowel Project, NSABP P1) has shown a
remarkable 50% reduction in the risk of
both invasive and non-invasive breast can-
cer and a 69% reduction of the occur-
rence of ER+ tumors in tamoxifen-treated
women. Importantly, this trial has shown
that tamoxifen can induce endometrial
hyperstimulation and an excess of throm-
boembolic events predominantly in post-
menopausal subjects, while no significant
difference has been noted in premeno-
pause. Two smaller ongoing European
studies (one in the UK and one in Italy)
have not shown similar results so far.
However, the more recent data from the
Italian study after 8 years of follow-up
show a late benefit from tamoxifen as
compared to placebo and especially con-
firm this benefit when tamoxifen is com-
bined with the use of HRT (data in press).
Moreover, the recent data on the preven-
tive use of low doses of tamoxifen, show-

Continued from page 10
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ing the same efficacy of 5 mg/day or even
less on a large number of biomarkers,
encourage the study of the combination
of HRT and low-dose tamoxifen for the
prevention of breast cancer. In fact, a
large International phase III trial in HRT
users called the HOT Study (HOrmone
replacement therapy and Tamoxifen
Study) is to begin. However, it can induce
an excess of thromboembolic events, dia-
betes and influenza-like symptoms. Con-
versely, the new SERM raloxifene does
not appear to induce any endometrial
stimulation. In a trial designed to evaluate
osteoporotic fracture rates, raloxifene was
associated with a 76% reduction in the
incidence of breast tumors, and with a
90% reduction in the incidence of ER+
breast cancers. As expected, no effect was
shown on ER- tumors. This encouraging
trend towards breast cancer prevention
with raloxifene has to be confirmed by a
specifically designed study, currently on-
going.

In fertile women, the mammographic
density is closely correlated with the cycle
phases and the peripheral levels of endog-
enous ovarian steroids, being higher dur-
ing the luteal phase. Similarly, HRT may
exert a comparable effect on breast tissue,
resulting in an increase in mammographic
density in comparison to that in untreated
postmenopausal women. Progestogens
induce a higher mammographic density
in estrogen-treated women, especially
when given in continuous combined regi-
mens. However, there exist no data that
pharmacologically induced changes in
breast density can be correlated to an
elevated breast cancer risk.

The link between sex steroid adminis-
tration and increased breast cancer risk is
biologically plausible, but there is at most
only a modest association between ERT
use and breast cancer risk. The experi-
mental data are conflicting, and the mag-
nitude of the increased risk is not con-
stant for all the studies and nevertheless
appears small, so the clinical relevance is
uncertain. Today, evidence is insufficient
to determine whether different prepara-
tions, routes of delivery, doses, or differ-

ent progestins have a more favorable or
adverse effect on breast. Breast cancer
risk increases from the basal individual
risk by 2.3% for each year of ERT use.
Similar risk applies for delayed meno-
pause, which is estimated to increase risk
by 2.8% per year. In North America and
Europe, the cumulative incidence of breast
cancer between the ages of 50 and 70
years in never-users of HRT is about 45
per 1000 women. The cumulative excess
numbers of breast cancers diagnosed be-
tween these ages per 1000 women who
began use of HRT at age 50 and used it for
5, 10, and 15 years, respectively, are esti-
mated to be 2 (95% CI 1–3), 6 (95% CI 3–
9), and 12 (95% CI 5–20). The increase in
breast cancer risk seems to be almost
entirely limited to lean women. Over-
weight postmenopausal women already
have achieved the maximum hormone-
related risk due to their endogenous pro-
duction of estrogens.

The breast cancers diagnosed during
HRT use are more likely to contain ER
and are less aggressive. Most reports indi-
cate no increase in breast cancer mortal-
ity in HRT users. Any increased risk
associated with HRT is reduced after
HRT is discontinued.

Particular importance may be attrib-
uted to the specific composition of HRT.
There is recent evidence that combined
estrogen–progestin therapy is associated
with higher breast cancer incidence rates
than estrogen alone. In addition, the use
of sequential or continuous combined
estrogen–progestin may also have differ-
ent effects, but this notion remains con-
troversial.

Following the diagnosis and treatment
of breast cancer, women enter a meno-
pausal state often suffering from severe,
sometimes debilitating symptoms of hor-
mone deficiency, which adversely affects
their quality of life. On occasion, these
symptoms are refractory to non-hormonal
therapies. For this reason, a small number
of women who have experienced breast
cancer could elect to take HRT. There
are observational studies reporting that
HRT use after breast cancer does not

seem to have an adverse impact on recur-
rence or mortality. However, for the time
being, estrogen replacement therapy
(ERT)/HRT is generally considered to
be contraindicated in breast cancer pa-
tients, as no firm safety data are yet avail-
able from randomized clinical trials. De-
spite the potential risks, ERT/HRT could
be considered but limited only to patients
suffering from menopausal symptoms
resistant to alternative treatments, after
completely informed consent is given,
particularly in women with ER-negative
cancers. Specifically designed studies are
currently ongoing.

Endometrial Cancer
The age-standardized incidence rate of
endometrial cancer worldwide is 6.4 per
100,000 females. Two major types of en-
dometrial cancer have been classically iden-
tified. Both types of endometrial cancers
are characterized by different genetic al-
terations, type I being more frequently
associated with microsatellite instability,
PTEN, K-ras or β-catenin mutations,
whereas amplification or over-expression
of erbB-2, mutation of p53 and loss of
heterozygosity at chromosome 14 are fea-
tures of some type II cancers.

Type I endometrioid adenocarcinoma,
representing about 80% of all endome-
trial malignancies, occurs mostly in
perimenopausal and early postmeno-
pausal women. It is related to estrogen
exposure and is frequently associated with
endometrial hyperplasia. In most cases, it
presents as a low histological grade le-
sion, with minimal myometrial invasion
at the time of diagnosis, and generally has
a good prognosis. Type I adenocarci-
noma is associated with several risk fac-
tors, such as unopposed exogenous estro-
gen exposure, polycystic ovary disease,
obesity, and nulliparity.

Type II non-endometrioid endome-
trial cancers (serous or clear cell carcino-
mas) more often develop after meno-
pause. They are not evidently correlated
with estrogens or endometrial hyperpla-
sia, and tend to be more aggressive than
type I adenocarcinoma, being character-
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ized by high histological grade and deep
myometrial invasion at the time of diag-
nosis.

 The two types of endometrial cancers
are characterized by different genetic al-
terations: type I cancers are more fre-
quently associated with microsatellite in-
stability, PTEN, K-ras, or β-catenin mu-
tations, whereas type II carcinomas are
more often positive for p53 mutations or
with loss of heterozygosity. Estrogens
and progesterone are the primary endo-
crine regulators of endometrial growth
and function. In addition, there exists a
great number of locally produced growth
factors, such as IGFs, which are also at
least in part controlled by ovarian sex
steroid hormones, either enhancing or
inhibiting endometrial cell growth. IGF-
R is expressed both in epithelial as well as
in stromal endometrial cells. IGF-1 syn-
thesis in stromal cells is stimulated by
estrogens, and is more abundant in the
proliferative and early secretory en-
dometrium. IGF-2 is synthesized in stro-
mal cells, with amounts increasing during
the middle and late secretory phase.
IGF-BP-1 is the major IGF-BP in the
endometrium, expressed in late secre-
tory to decidual endometrium only.
IGF-BP-1 synthesis is induced by pro-
gesterone, glucocorticoids and hypoxia,
and reduced by insulin.

Endometrial adenocarcinomas express
IGF-R, but are usually lacking IGF-BP-
1. All the clinical conditions known to be
associated with increased risk for endome-
trial cancer (anovulatory cycles, unop-
posed estrogen exposure or insulin resis-
tance) are also characterized by low levels
or absence of IGF-BP-1. These data
suggest that enhanced or unopposed
IGF-1 action may have a role in the
development of endometrial cancer.

Hormonal agents (progestins, com-
bined oral contraceptives) may be useful
tools for chemoprevention in women at
high risk of endometrial cancer. Con-
versely, adjuvant progestin therapy offers
no clinical benefit to patients with early-
stage endometrial cancer. Among patients
with advanced or recurrent disease,

progestins achieve an objective response
in approximately 15–20% of cases,
whereas chemotherapy regimens obtain
response rates ranging from 35% to 60%.
However, both hormonal therapy and
chemotherapy provide an unsatisfactory
survival benefit, less than 12 months.
Treatment with progestins is a rational
therapeutic approach for patients with a
long disease-free interval, well-differen-
tiated tumors or positive steroid receptor
status. Chemotherapy should be reserved
for patients with rapidly progressive dis-
ease, poorly differentiated tumor, or un-
favorable histologic type. Progestins com-
bined with chemotherapy offer no clear
survival advantage with respect to che-
motherapy alone. New therapeutic tools
are under evaluation (wild-type p53 gene,
transfected by viral vectors,␣ monoclonal
antibodies against growth factor recep-
tors, and small molecule tyrosine kinase
inhibitors).

Unopposed estrogen administration
(ERT) is associated with an increased risk
of endometrial cancer. The risk is pro-
portional to the duration of therapy, but is
not clearly correlated with the dose. En-
dometrial cancer risk is elevated when
using either interrupted or continuous
estrogen administration. Risk decreases
after cessation of ERT in a time-depen-
dent manner, but risk is still elevated after
more than 10 years. The excess risk in
morbidity is not associated with a compa-
rable risk in mortality. Current estrogen
use increases the relative risk by 1.0 each
year of use. After 10 years of ERT the risk
is elevated about 10-fold compared to a
lifetime non-user.

Adding a progestogen to ERT is there-
fore mandatory to avoid endometrial hy-
perstimulation in women with an intact
uterus. The addition of an adequate dose
of a progestin for an adequate time sig-
nificantly reduces the incidence of en-
dometrial cancer associated with ERT.
With sequential progestogen adminis-
tration, the duration of progestogen use
is at least as important as the dose, de-
pending on the type of progestogen. In a
28-day estrogen regimen, long-term HRT

with a progestogen supplementation for
less than 10 days/month is still related to
an elevated risk of about 2–3-fold, com-
pared to a non-user, while the use of a
progestin, depending on both the po-
tency and half-life of a given progesto-
gen, for 10-12 days or more per month
decreases the excess risk. As expected,
continuous combined HRT has been
demonstrated to decrease the relative risk
of endometrial cancer with respect to
both ERT and sequential HRT, probably
due to the antimitotic effect of prolonged
progestogen administration. This effect
is similar to that exerted by combined oral
contraceptives, the use of which reduces
the risk of endometrial cancer. This pro-
tective effect is proportional to the dura-
tion of oral contraceptive use and persists
after cessation of pill use. Different
SERMs have different actions on the en-
dometrium: Tamoxifen is associated with
an increased risk of endometrial hyper-
plasia and cancer, while the long-term
administration of raloxifene induces no
endometrial stimulation. The synthetic
steroid tibolone has not been reported to
cause endometrial proliferation, although
long-term safety data are still pending.

HRT is generally considered to be
contraindicated in endometrial cancer
patients. Nonetheless, as with breast can-
cer, non-randomized, uncontrolled stud-
ies have shown a decreased risk of recur-
rence in low-risk endometrial cancer sur-
vivors treated with HRT. However, ran-
domized clinical trials are still ongoing.
Despite the potential risks, HRT could
be considered for patients suffering from
menopausal symptoms resistant to alter-
native treatments, after completely in-
formed consent is given.

Low-Grade Endometrial Stromal
Sarcoma
The annual incidence of endometrial stro-
mal sarcoma is very low, affecting fewer
than 0.2 per 100,000 women, and more
than 50% of patients are premenopausal.
Low-grade endometrial stromal sarcomas
are hormonally sensitive. These tumors
have been reported to occur in women
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with exogenous or endogenous hyper-
estrogenism. Among women with stage I
low-grade endometrial stromal sarcomas,
a higher recurrence rate is found in pa-
tients with ovarian residual tissue when
compared to those treated by bilateral
ovariectomy. Metastatic tumors can re-
gress and even completely disappear fol-
lowing progestin therapy, and, moreover,
progestins and GnRH analogues have also
been successfully used as neoadjuvant
hormone therapy in patients with locally
advanced disease. Low-grade endometrial
stromal sarcoma should be considered to
be a contraindication to HRT.

Colon Cancer
In countries with a western lifestyle, colon
cancer is the third leading cause of cancer
death in men and women. The age-stan-
dardized incidence rate of colon cancer
worldwide in females is 14.4/100,000.
Colon cancer risk is increased by seden-
tary lifestyle and reduced by occupational
or recreational physical activity. High satu-
rated fat intake, alcohol consumption and
cigarette smoking are positively associ-
ated with this malignancy. In addition, the
assumption that dietary fiber intake and
high consumption of fruit and vegetables
can offer protection has not been con-
firmed. Some studies have reported a po-
tential protective role for calcium, vitamin
E, and selenium. Colon cancers, as well as
other epithelial tumors, over-express the
cyclo-oxygenase (COX) type-2 (COX-2)
gene, and have elevated PGE2 and PGF2α.
COX-2 over-expression is associated with
inhibition of apoptosis, inhibition of ter-
minal differentiation of cells, and enhance-
ment of angiogenesis. Non-steroidal anti-
inflammatory drugs appear to have a pro-
tective role in colon cancer development.
COX-2 inactivation by genetic targeting
or by selective COX-2 inhibitors is able to
prevent colon cancer in a mouse model
with genetic predisposition to this malig-
nancy, which resembles human hereditary
polyposis syndrome.

The protective role of estrogens in
colon carcinogenesis is still under study.
ER-α and ER-β have been identified in

normal colon in both sexes. ER-β is the
predominant ER subtype in the human
colon, and decreased levels of ER-β-1
and ER-β-2 mRNA are associated with
colonic tumorigenesis in females. It has
been demonstrated that the ER gene is
methylated in 90% of colon cancer tis-
sues. Methylation of DNA is equivalent
to gene silencing, with inactivation of a
number of genes downstream. Methyla-
tion-associated inactivation of the ER
gene in aging colorectal mucosa could be
one of the earliest events in colorectal
carcinogenesis. In vitro estrogens reduce
the ER-gene methylation and inhibit cell
proliferation. Estrogens may influence
microsatellite instability, which occurs in
approximately 10–15% of colon tumors.
Moreover, estrogens have been shown to
increase the expression of vitamin D re-
ceptors (VD-R) in a variety of tissues;
1,25-dihydroxyvitamin D and several of
its analogues are known to be potent
antineoplastic and prodifferentiative
agents in several cell types, including co-
lon-derived cells. The protective effect
of estrogens against dimethylhydrazine-
induced colon carcinogenesis in mice is
associated with reduced methylation of
the VD-R gene and with up-regulation of
both VD-R gene transcription and pro-
tein expression. Therefore, increased VD-
R activity may be one of the mechanisms
by which estrogens protect against colon
carcinogenesis. Moreover, exogenous es-
trogens and progestins decrease bile acid
production, thus reducing chronic irrita-
tion on the colonic mucosa.

Gender differences in the incidence
and biological history of colon cancer
have been observed since 1950. In par-
ticular, more favorable colon cancer inci-
dence and mortality trends have been
reported in females compared to males.
However, observational studies have
documented no clear association between
age at menarche, parity, age at meno-
pause, or type of menopause and colon
cancer risk. However, pooled analysis of
HRT studies performed on Caucasian
women suggests a 30% reduction in co-
lon carcinoma risk among current HRT

users, with less protection seen after HRT
cessation. A statistically significant re-
duction of colorectal polyps has also been
detected in HRT users. Colon cancer
protection by HRT is linked to duration
of use, with greater protection in women
receiving longer duration HRT. Although
preliminary data suggest a possible addi-
tional benefit with concurrent progestin
administration, data on regimen/formu-
lation of menopausal hormones are very
sparse. No conclusive evidence has been
reached regarding the dose or the route
of administration of HRT or on a pos-
sible difference in the protection versus
right or left colon cancers. Some poten-
tial confounders may influence the rela-
tionship between HRT and colon cancer
risk, so additional well-designed studies
are still needed before we can conclude
that HRT truly reduces colon cancer
risk. Nonetheless available data suggest a
reduced risk of colorectal adenoma and
colon cancer in HRT current users. There
is no contraindication to HRT prescrip-
tion in colon cancer survivors.

Melanoma
The annual incidence of cutaneous ma-
lignant melanoma ranges from 2 per
100,000 in Spain and in South America to
more than 20 per 100,000 in Australia.
Melanoma incidence and mortality rates
are increasing in most countries. Genetic
predisposition and increased exposure to
ultraviolet radiation play a major role in
melanoma development. Contrasting data
exist about hormonal and reproductive
factors and risk of this malignancy in
women. Immuno-cytochemical or
immuno-histochemical assays do not de-
tect ER in melanoma, and several studies
have failed to demonstrate a stimulating
effect of estrogens on proliferation or
invasiveness of melanoma cell lines in
vitro. Pregnancy before, during, or after
the diagnosis of early-stage melanoma
does not influence 5-year survival. Oral
contraceptives do not increase the risk of
melanoma, and they are no longer con-
traindicated for patients who have been
treated for this malignancy. In advanced
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melanoma, no response has been obtained
with antiandrogens, progestins, and
aromatase inhibitors. Tamoxifen has no
significant activity as a single agent (re-
sponse rates less than 10%), and clinical
investigations on the role of tamoxifen in
combination therapy of advanced disease
have produced inconclusive results. HRT
in menopause does not increase the risk of
melanoma, and it can be given to patients
previously treated for this malignancy.

Epithelial Ovarian Cancer
The age-standardized incidence of ovar-
ian cancer world-wide is 6.5 per 100,000
females. Epithelial ovarian cancer, which
accounts for more than 90% of ovarian
malignancies, is the gynecological tumor
with the worst prognosis, in part because
more than 70% of cases are diagnosed at
an advanced stage of disease. Risk factors
for this malignancy include nulliparity and
a possible family history. An increased
crude risk of ovarian cancer has been re-
ported in infertile women who have used
fertility drugs. However, epidemiological
studies on this issue are hampered by
several methodological problems, includ-
ing small sample sizes, short follow-up,
and low prevalence of fertility drug use.
Studies have consistently demonstrated
that oral contraceptive use significantly
reduces ovarian cancer risk.

Familial/hereditary ovarian cancer,
which accounts for approximately 5% of
all ovarian carcinomas, can be associated
with three distinct clinical entities: the
breast/ovarian cancer syndrome, the site-
specific ovarian cancer syndrome, and
the hereditary non-polyposis colon can-
cer syndrome, called Lynch II syndrome.
While the first two conditions are linked
with BRCA1 and BRCA2 germ line mu-
tation, Lynch II syndrome is related to
mutated mismatched repair genes. A dif-
ficult goal for clinicians is to select the
population of women who are at high risk
for a BRCA1 or BRCA2 mutation. A
careful family history of breast/ovarian
cancer is essential, and the pedigree crite-
ria for including women in the BRCA
genetic tests have been discussed by dif-

ferent scientific societies. Women who
carry a BRCA1 mutation have approxi-
mately a 60% lifetime risk of developing
ovarian cancer, and women who carry a
BRCA2 mutation have approximately a
30% lifetime risk of developing this ma-
lignancy. There is no clear evidence for a
peculiar clinical profile of familial/he-
reditary ovarian cancer. As for BRCA1
mutation carriers, the U.S. Cancer Gen-
eral Studies Consortium suggests a sur-
veillance program consisting of monthly
breast self-examination from age 18–20
years, annual/semi-annual breast clinical
examination from age 25–30 years, an-
nual mammography from age 30–35
years, and annual/semi-annual CA125
and transvaginal sonography with or with-
out color Doppler from age 25–30 years.
Contraceptive use seems to be protective
also in the familial/hereditary ovarian
cancer setting. Prophylactic bilateral
oophorectomy can be considered in
BRCA1–2 mutation carriers over 35 years
after an extensive discussion in a
multidisciplinary setting, including psy-
chological consultation with accurate in-
formation about incomplete protection
from subsequent primary peritoneal pap-
illary serous carcinomas.

Several oncogenes, such as fms, HER-
2/neu, myc, and ras, and tumor suppres-
sor genes, such as p53, ARHI, SPARC
and DOC-2, are involved in the regula-
tion of normal and malignant ovarian
surface epithelial cell growth. As for
growth factors, ovarian epithelial cells
express EGF and TGF-α, which stimu-
late cell proliferation by binding to EGF-
R. Patients whose ovarian cancer is EGF-
R positive have a worse prognosis than
those whose tumor does not express these
receptors. TGF-β inhibits the growth of
normal ovarian epithelial cells and in-
duces apoptosis in ovarian cancer cells.
Progestins seem to be able to induce up-
regulation of TGF-β and to enhance
apoptosis in ovarian epithelium.

The evidence concerning a possible
positive relationship between HRT use
and ovarian cancer risk is less consistent
than that for endometrial and breast can-

cer. Most data exclude any strong associa-
tion between HRT use and ovarian can-
cer risk, even if published studies analyz-
ing such a relationship have shown con-
troversial results. A relative risk of ovar-
ian cancer for ever-use of HRT is re-
ported as 0.9 in hospital-based and 1.1 in
population-based studies, with no consis-
tent duration–risk relation. A collabora-
tive re-analysis of four European studies,
based on 1470 cases of ovarian cancer,
found a relative risk of 1.71 (95% CI
1.30–2.25) for ever-use of HRT, a weak
positive association with duration of use,
and some indication that the excess risk
for ovarian cancer declined with time
since last use. A large U.S. study of 211,581
postmenopausal women treated for more
than 10 years with estrogen alone, con-
cluded that postmenopausal estrogen use
was associated with increased risk of ova-
rian cancer mortality ranging from 1.59
(95% CI 1.13-2.25, for the former users)
to 2.2 (95% CI 1.53-3.17) for baseline
users. However, little information is avail-
able on the addition of progestins to es-
trogen preparations. In fact, no associa-
tion has been described between the use
of estro-progestins and ovarian cancer
risk in a cohort study conducted in Brit-
ain, and similar results have been ob-
tained in various areas in the United States.
Furthermore, a retrospective British study
and a South African prospective, ran-
domized trial did not detect an adverse
influence of HRT on the clinical out-
come of patients previously treated for
ovarian cancer. Thus, there are no data
contraindicating HRT use in epithelial
ovarian cancer survivors.  However, it is
well known that tamoxifen can stabilize
advanced ovarian cancer in 30% of pa-
tients and produce objective regression in
10%. Studies of HRT in ovarian cancer
patients performed to date cannot ex-
clude the possibility that HRT might
stimulate growth of metastatic disease in
a subset of ER+ patients. Additional criti-
cal studies are needed with particular at-
tention to hormone receptor status and
function.
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Summary
Sex steroids are not known to damage
DNA directly. They can stimulate or in-
hibit cell proliferation, and thus can modu-
late tumor developmental progression. Sex
steroid-related tumors in women are rep-
resented by breast cancer and endometrial
cancer, and a possible relationship exists
between sex steroids and both  ovarian and
colon cancer.

Among current ERT users or those
who stopped use 1-4 years previously, the
relative risk of having breast cancer diag-
nosed increases by a factor of 1.023 for
each year of hormone use. This increase
is comparable with the effect on breast
cancer of delaying menopause, and seems
to be largely limited to lean women. The
breast cancers diagnosed during ERT are
more likely to contain ER and are less
aggressive. Some reports indicate no in-
crease in breast cancer mortality in HRT
users. Recent data suggest that an estro-
gen–progestin regimen may increase
breast cancer risk beyond that associated
with estrogen alone. However, the effect
of progestogens on the breast awaits fur-
ther clarification. ERT/HRT is generally
considered to be contraindicated in breast
cancer patients, as no firm data are yet
available from randomized clinical trials.
Despite the potential risks, ERT/HRT
could be considered for breast cancer
patients suffering from menopausal symp-
toms resistant to alternative treatments,
after completely informed consent is
given, particularly in women with ER-
negative cancers.

Unopposed estrogen therapy is known
to increase endometrial cancer risk, and is
appropriate only for hysterectomized
women. To negate the excess risk of en-
dometrial hyperstimulation, an adequate
progestin dose must be given in a con-
tinuous combined regimen or for an ap-
propriate number of days in sequential
regimens (10 days or more for some
progestogens or 12 days or more for
other progestogens).

An appropriate combination of estro-
gen and progestin does not appear to
increase, and may even decrease, the risk

of endometrial cancer. HRT is generally
considered to be contraindicated in en-
dometrial cancer patients. Despite the
potential risks, HRT could be considered
for patients suffering from menopausal
symptoms resistant to alternative treat-
ments, after completely informed con-
sent is given.

Available data suggest a reduced risk of
colorectal adenoma and colon cancer in
current users of HRT, but definitive stud-
ies are still needed. There is no contrain-
dication to HRT prescription in colon
cancer survivors. Consistent epidemio-
logical data describe a decreased inci-
dence of ovarian cancer with oral contra-
ceptive use during the reproductive years.
Studies on HRT and risk of epithelial
ovarian cancer have produced conflicting
results, but most data seem to exclude a
strong association. While no data con-
traindicate HRT use in epithelial ovarian
cancer survivors, current studies do not
allow us to exclude the possibility that
estrogens alone could stimulate ovarian
cancer growth in a small fraction of pa-
tients. Additional studies are required.

It is important to consider that not all
estrogens and progestins are used with
the same dosage, route of administration
(oral, transdermal and, for estradiol, in-
tranasal) and, mostly, different estrogens
do not show the same bioavailability and
tissue effects. The available data do not
allow us to discriminate for all these vari-
ables and, therefore, it is inappropriate to
consider jointly all forms of hormonal
therapy. This issue is considered as an
important area for future evaluation and
research. The International Menopause
Society is in the process of drawing up
specific recommendations for further re-
search in the field of HRT and cancer. n
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