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Gonadal Hormones and Breast Cancer Risk: The Estrogen
Window Hypothesis Revisited

John C. Arpels and Robert D. Nachtigall

Department of Obstetrics and Gynecology. California Pacific Medical Center, and Department of Obstetrics.
Gynecology and Reproductive Sciences. University of California, San Francisco, California, U.S.A.

Abstract: The etiology for breast cancer remains elusive. The epidemiologic
and in vitro evidence for the role played by exogenous ovarian hormones
shows no consistent trend for or against causation. This review will look at
three aspects of this problem. Many breast cancers are hormone independent,
potentially driven by proto-oncogenes and genetic alterations. The breast has
the ability to make its own endogenous estrogen. irrespective of exogenous
hormone use. Progesterone plays an important role in normal breast homeo-
stasis, one which may continue to be needed in the postmenopausal era. Key
Words: Breast cancer—Gonadal hormones—Estrogen window hypothesis—
Hormone replacement—Receptors, estrogen/progesterone.

The evidence that hormone replacement affords
overall preventive health benefits and improved
quality of life for menopausal women is increasing
{1). Yet the fear of developing cancer is a frequently
voiced concern of both those patients who accept
and those who forgo hormone use.

The increased risk of developing uterine cancer
has been addressed by the use of an appropriate
progestin regime along with the estrogen (2). There
is even emerging evidence that under some circum-
stances successful treatment of uterine cancer need
not preclude the use and benefits of hormone re-
placement (3).

The question regarding the risk for breast cancer
remains unclear, although it seems evident from
both epidemiologic and in vitro data that gonadal
hormones play some role, either directly or!indi-
rectly. A number of recent reviews on this subject
(4.5) underscore the variability of the data and are
further complicated by the fact that most of the ma-
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jor studies used unopposed estrogen. A recent anal-
ysis of those studies, which used an estrogen plus
progestin’ regime, has shown equally inconsistent
results. some studies showing an increase in risk.
some with no effect on risk, and others with a trend
toward a decrease in risk (6).

The scientific data to date show no consistent
role played by gonadal hormones in the etiology of
breast cancer. In the absence of compelling scien-
tific data as to a cause and effect relationship be-
tween gonadal hormones and breast cancer, physi-
cians are left to determine the clinical relevance of
the available data (7). The purpose of the article is
to offer a hypothesis that suggests that the absence
of progesterone in the latter half of life may be a
significant factor in the etiology of breast cancer,
while the role of exogenous estrogen may be insig-
nificant.

Evidence for this hypothesis comes from the nat-
ural history and the biology of both normal and ma-
lignant breast tissue, the presence of a subpopula-
tion of breast cancer whose ability to grow may be
autonomous of the presence of hormones, and the
ability of the postmenopausal breast to selectively
concentrate estrogen independent of exogenous ste-
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roid use. These observations point to the possible
benefit for exogenous postmenopausal progestin in
a milieu of unopposed endogenous breast estrogen.

THE FAMILY OF BREAST CANCERS

Although it is generally assumed that breast can-
cer is a homogenous disease, it can be divided into
different subgroups.

Premenopausal breast cancer behaves generally
more aggressively, is more often estrogen- and pro-
gesterone-receptor-negative (8) with a higher per-
centage of cells in S-phase as compared with post-
menopausal breast cancer (9).

The presence of estrogen and progesterone re-
ceptors are among those tumor characteristics that
are generally associated with a less aggressive
breast cancer. Although being estrogen receptor
positive alone affords some benefit, the presence of
functional progesterone receptors improves the
prognosis (10-12). These cancers are less often an-
euploid and generally of low S-phase percentage
when compared with estrogen- and progesterone-
negative tumors.

Carcinogenesis involves multiple steps and the
presence of promoting agents such as oncogenes
(13). Human breast cancer has been found to be
positive for the HER-2 oncogene in 15-30% of in-
vasive ductal carcinomas and in 13—40% of ductal
carcinomas in situ (14—-16). This proto-oncogene,
which in some patients was amplified up to 20-fold,
encodes for a major growth factor involved with
cellular proliferation. Increase in tumor size and
positive lymph nodes correlated positively with the
amplifications of this oncogene, as did a less favor-
able prognostic outcome. Recently a mutation in
the p53 suppressor gene on chromosome 17, which
seems to be found in families with a high incidence
of breast cancer, has been identified (17,18). The
normal cellular kinetic response to ovarian hor-
mones may be altered in the presence of these
genes, just as cell proliferation may be independent
of hormones in estrogen-receptor-negative tumors.

The very existence of these subgroups alone is
likely to preclude a unified hormonal etiology for
breast cancer. Differing biology of the various sub-
types of breast cancer may explain the variation in
findings from different studies on this subject. A
reassessment of the major studies dealing with the
role played by hormones in the etiology of breast
cancer, taking into account the presence of absence
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of receptors. proto-oncogenes. and p33 mutations,
might provide new insight.

THE NATURAL HISTORY

There has been an increase in breast cancer risk,
but the rise is a minor one until the age group 65-85
(19). The increased incidence seen in the later
menopausal years might be attributable to the use of
hormone replacement therapy. However. it has
been estimated that in 1987 only 10%. and most
recently only 20-30%. of menopausal women are on
such medication in this country. with 209 of those
using progestins in their regime (20). It seems there-
fore unlikely that the ever-increasing rise in post-
menopausal risk for breast cancer as a woman ages
is due to exogenous hormones, most of these can-
cers occurring in non-hormone users.

It is well known that most endometrial cancer is
estrogen dependent and that after menopause the
major source of this is estrone from the peripheral
conversion of androgens (21). If postmenopausal
breast cancer were in part due to endogenous es-
trogen production, then the incidence curves for en-
dometrial and breast cancer might be expected to
have a similar shape. In fact, they do not. There is
a rise in incidence of endometrial cancer at meno-
pause that parallels that of breast, but endometrial
cancer then plateaus around 10 years thereafter and
subsequently declines steadily as a woman ages,
while the curve for breast cancer continues to climb
(22). The ability of the breast to selectively concen-
trate endogenous estrogen may explain this phe-
nomenon.

The steeper slope of the incidence curve for
breast cancer during the premenopausal years has
been interpreted as reflecting a role for progester-
one in the etiology of this disease (6). Progesterone
production is generally well established by age 15
and parallels high fecundity rates until age 35, after
which it steadily declines (23). Of those studies that
show a possible increase in risk for breast cancer,
most show that this effect begins after 15-20 years
of estrogen use (5). Even assuming a latency period
of 20 years, the greatest incidence for progesterone-
abetted breast cancer should then be seen between
ages 35 and 55. However. this is not the case. The
incidence is a quite low 50 per 100,000 women an-
nually at 35 years and rises to slightly over 200 per
100,000 at age 55. From there it climbs by an addi-
tional 100 cases per 100,000 for every decade until
finally plateauing around the mid 70s at 450 per
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100.000 women annuallv (24). Since endogenous
production of progesterone is essentially zero after
menopause (25). it is difficult to attribute this steady
rise in incidence to progesterone.

BREAST FLUID

The biology of breast fluid may provide an expla-
nation tor the shape of the cancer incidence curve.
The breast has the capacity to concentrate estrogen
selectively in ductal tluid so that the level of estro-
gen that bathes the breast epithelium is from 10- to
10-fold higher than that tound in serum (26.27). Al-
though serum levels drop at menopause. breast
fluid estrogen stays at very high levels. When re-
placement estrogen is given both serum and duct
fluid estrogen levels rise further. Even without ex-
ogenous estrogen use. the duct fluid estrogen level
in both pre- and postmenopausal women is higher
than that in serum at the midcycle ovulatory peak.
The breast has a far greater ability to concentrate
estrogen than does endometrium (28), which may
account for the difference in shape of their cancer
incidence curves. In fact, epithelium from breast
cancer patients concentrates tissue levels of estro-
gen to a higher degree than does normal breast tis-
sue (28).

Although it is possible that duct fluid estrogen is
concentrated against a serum gradient, it is cur-
rently thought to originate within the breast itself
(29). It has been shown that breast adipose tissue
contains the aromatase enzyme necessary to con-
vert androgens into estrone and estradiol and that
breast tissue adjacent to a carcinoma has the high-
est such ability (30).

The ability to produce estrogens from androgens
is opposed by the action of progesterone, which
decreases aromatase activity in endometrium (31)
and in breast cancer cells in vitro (32). Another
function of progesterone is to increase the activity
of estradiol dehydrogenase, an enzyme that deacti-
vates estrogen into its weaker metabolites. Proges-
terone has been shown to have this same activity in
breast ductal epithelium in vitro where, not only did
the activity of the enzyme increase, but estrogen-
mediated cell proliferation was inhibited by the pro-
gesterone (33).

The premenopausal breast can selectively con-
centrate progesterone in duct and cyst fluid in con-
centrations 10-100 times that found concomitantly
in serum (34). Although a very small amount of pro-
gesterone is produced from the adrenal gland after
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menopause (35). it has not yet been shown that the
postmenopausal breast selectively concentrates
progesterone. Thus. the postmenopausal breast ep-
ithelium may be exposed to very high levels of un-
opposed endogenous estrogen. The significantly
lower annual breast cancer incidence in the pre-
menopausal years may be due to the local presence
of progesterone.

THE ROLE OF ESTROGEN

Cell growth is modulated by both promoter as
well as suppressor genes. By definition a malignant
cell is no longer under this normal control but rather
has the ability for autonomous unsuppressed
growth. It is well established that estrogen causes
proliferation of both normal and oncogenically
transformed breast epithelial cells in both organ and
cell cultures (36). What has not been demonstrated.
however, is that the addition of estrogen to cultures
of normal breast cells leads to their transformation
into malignant ones.

Although it is generally considered that estrogen
is probably not a direct inducer of breast cancer. it
may facilitate malignant transformation under cer-
tain conditions. The estrogen window hypothesis
(37) proposes that the susceptibility to malignant
transformation is greatest at puberty and in the per-
imenopausal period. when anovulation leads to un-
opposed estrogen production unopposed by the ac-
tion of progesterone. ,

It is generally believed that a proliferating cell is
most susceptible to mutation during the DNA syn-
thesis period of S-phase. Once a fully differentiated
cell has completed its cell growth cycle and is now
at rest in Gy phase, it is said to no longer be at risk
for mutation (38).

It is estrogen’s ability to promote proliferation
that opens the window of increased risk. It is pro-
gesterone, in sufficient quantity to fully differenti-
ate the breast epithelial cell, that closes the window
(39). Pregnancy is considered to have the most ef-
ficient effect on decreasing this risk. Women with
early menarche, who thereby may experience a
greater number of years of estrogen until first preg-
nancy, and women whose first pregnancy is after
age 34, are known to be at increased risk for breast
cancer.

Further support for the estrogen window hypoth-
esis comes from epidemiologic studies on the inci-
dence of breast cancer in Japanese women exposed
to atomic bomb radiation. The highest risk groups
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were those aged 10-14. with the next highest being
those aged =350 years. There was no increased risk
for prepubertal girls below age 10 (40). Similar data
were found in patients who underwent diagnostic
fluoroscopy for tuberculosis in the 1940s. where the
age group encompassing puberty was at greater risk
for breast cancer (41). as was also seen in a group of
young pubertal girls who underwent radiation treat-
ment for Hodgkin's [ymphoma (42).

The ability of the postmenopausal breast to main-
tain very high levels of endogenous estrogen well
beyond ovarian senescence may extend the unop-
posed estrogen window through the entire post-
menopausal era. This phenomenon could explain
the early steep rise seen in the premenopausal
years. the subsequent change in slope at meno-
pause. Clemmenson’s hook. and lastly the contin-
ued rise in the postmenopause era.

In contrast to its potential permissive role. estro-
gen may also play a protective one. It has been
observed that breast cancers that occur in women
who are on oral contraceptives or estrogen replace-
ment at the time of detection are lower grade.
smaller in size. less metastatic, and have a more
favorable prognosis when compared with age-
matched breast cancer patients not on exogenous
hormones (43-45). When compared to estrogen
alone, the use of estrogen plus progestin replace-
ment conferred even greater protection with a rel-
ative risk for mortality of RR 0.50 compared to RR
0.87 for the former group (45).

This phenomenon has also been reported to exist
for certain other forms of cancer when comparing
young girls with young boys. The survival rates be-
tween boys and girls were equal until the girls be-
came pubertal. at which point survival began to fa-
vor the girls, and this survival advantage continued
to climb until by ages 15-19 there was a 55-65%
decrease in death rate compared to the males (46).

This apparent survival advantage may be hor-
mone mediated. Estrogen has been shown to help
enhance the immune system via T-cell activation
(47) and differentiation in vitro (48). The suscepti-
bility of breast cancer to natural killer cells is also
increased in vitro by estrogen (49). Some of these
changes are secondary to estrogen's effect on en-
hancement of thymic factors (50) via stimulation of
reticuloendothelial cells. which were found to con-
tain both estrogen and progesterone receptors (48).
From these studies emerges a caution that, since in
vitro culture media rarely also contain viable hema-
topoietic or thymic cells. it may therefore be diffi-
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cult to transpose results obtained from cell cultures
into clinically relevant data.

It also must be remembered that one subset of
breast cancer is estrogen receptor negative. What-
ever role is played by estrogen in promoting sus-
ceptibility, it remains to be seen how this impacts
on this receptor-negative subgroup. To date. none
of the epidemiologic studies on this subject has sep-
arated out this particular fraction of cancer patients
from those with positive estrogen receptors.

THE ROLE OF PROGESTINS

Although progestins have a protective effect
against endometrial cancer. whether this is true for
breast cancer remains in question. Indeed. concern
has been voiced that progestins may promote the
growth of breast cancer (51), based on the observa-
tion that maximal mitotic activity in breast epithe-
lium occurs during the mid to late luteal phase of the
menstrual cycle (52). The clinical relevance of this
observation has been challenged because prolifera-
tion does not necessarily imply that oncogenic
transformation will ensue. Carcinogenic change in-
volves a number of interrelated steps where muta-
tions to promoter as well as to suppressor genes
occur in conjunction with DNA damage. Once pro-
gesterone-abetted proliferation has occurred. the
end result is that of an intermediate epithelial cell
now transformed into a fully differentiated cell ca-
pable of secretory activity. This terminal differen-
tiation is thought to be protective against mutation
(38). Many tissues remain benign despite rapid cell
proliferation such as skin. gastrointestinal epithe-
lium, and bone marrow (13).

In general, in vitro studies show that progestins
ultimately down-regulate estrogen-induced prolifer-
ation and return cells to a resting state (36). Studies
showing a stimulatory effect from progestins have
been criticized because the culture medium used
significantly slowed the growth rate of the control
cells when compared to normal culture conditions.
Furthermore, growth was limited to those cells that
had already embarked upon the early phase of their
cell cycle. Further growth was arrested once these
cells completed that cycle. Progestins may also play
an indirect protective role by their ability to de-
crease both tumor angiogenesis factor and fibro-
blast growth factor in vivo using a mouse model.
Both are factors implicated in tumor growth rate
(53).

Almost all major epidemiologic studies prior to
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1980 done on menopausal hormone replacement
were without added progestins. A recent epidemio-
logic review of oral contraceptive and hormone re-
placement therapy use concluded that the addition
of a progestin did not appear to be an increased risk
factor for breast cancer (6). However, neither did it
show a statistically significant protective effect
trom the progestin.

BREAST PROGESTERONE RECEPTORS

Estrogen stimulates production of its own recep-
tor and also that of progesterone. By binding with
its receptor, progesterone ultimately decreases the
number of estrogen receptors and counteracts es-
trogen’s proliferation effect. Left unopposed by
progesterone’s down-regulation, estrogen contin-
ues to increase the number of its own receptors in a
cyclic fashion called "‘replenishment.’” This type of
receptor control and modulation between estrogen
and progesterone has been shown to exist in normal
breast epithelium in vivo (54). Breast epithelium
contains receptors for both estrogen and progester-
one. It has been shown that breast progesterone
receptors increase in number steadily throughout
the menstrual cycle and are maximal during the
luteal phase (55). Estrogen receptors are highest
during the follicular phase and apparently down-
regulate as progesterone rises. This cyclicity can be
lost in some premenopausal breast cancers, evi-
denced by finding equal in vivo distributions of es-
trogen receptors between early and late phases of
the menstrual cycle (56).

It has been shown in premenopausal women that
in normal breast tissue the mean percentage of cells
containing progesterone receptors is greater than
those positive only for estrogen receptors. This pro-
gesterone dominance is steadily lost as breast epi-
thelium converts, first from normal into atypical hy-
perplasia, where the two receptors are equal, and
eventually to cancer. where the estrogen receptor
now is dominant (55). Inadequate, or loss of, pro-
gesterone production has been linked epidemiolog-
ically to an increased risk for breast cancer in pa-
tients with obesity, luteal phase defects, early men-
arche. and late menopause (57). The postmeno-
pausal era may also represent progesterone inade-
quacy.

Even in oncogenically transformed breast cancer
cells. those that are positive for the progesterone
receptor have significantly lower rates of growth
compared with cells positive only for the estrogen

receptor (58), and their nuclear uptake of estrogen
is decreased in vitro by progesterone (59).

The clinical relevance of these data is still un-
Clear. yet progesterone may play an important role
in normal breast tissue homeostasis. After ovula-
tion ceases. the subsequent 3040 years represent
endogenous estrogen dominance for breast tissue.
Progesterone receptors continue to be made, evi-
denced by the 509 of breast cancer that is estrogen-
and progesterone-receptor-positive. Yet unless sup-
plied exogenously. there is no more ligand for the
progesterone receptor to be activated by, and thus
it may become functionless.

CONCLUSION

Breast cancer risk rises with aging, yet the small
percentage of replacement hormone in current use
cannot account for the magnitude of this risk. The
breast is capable of sequestering very high levels of
endogenous estrogen irrespective of whether or not
an exogenous source of hormone is supplied. The
epidemiologic evidence does not support a role for
progesterone as a risk factor, yet the absence of
progesterone may allow unopposed estrogen to play
a permissive role throughout the last decades of life,
evidenced by the steady increase in breast cancer
risk once ovulation ceases (24,37,57). Other breast
cancers may be driven by genetic mechanisms in-
dependent of hormone use (15,18).

Why do estrogen and progesterone, which play
such an integral role in the normal physiology of the
premenopausal breast. no longer play the same role
after menopause? If unopposed estrogen is a per-
missive factor in sensitizing the breast to oncogenic
transformation, then until progestins are found to
be a significant detriment to both breast and overall
menopausal homeostasis, the risks of their omission
must be weighed against the unsubstantiated risk of
their use. The fear that estrogen's cardiovascular
protective effect might be lost by the addition of a
progestin has not been clinically demonstrated (60—
62).

Until such time as the experimental and epidemi-
ologic data supply the clinician with sound insight,
the only help available with which to address our
patients’ inquiries and fear about breast cancer is to
assess as best as possible the clinical relevance of
what we do already know.
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