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Abstract

The central epidemiologic features of cancer of the endometrium are the
following: a much increased risk associated with obesity, evident both in
premenopausal and postmenopausal women; a decreased risk with
increasing parity; a decreased risk with increasing duration of use of
combination-type oral contraceptives (COCs); an increased risk with
menopausal estrogen therapy (ET) use; and a marked reduction in this
risk when a progestin is added to ET (estrogen—progestin therapy, EPT)
and continuous-combined EPT may be associated with a decreased risk,
especially in heavier women. These observations are readily explained by
a simple “unopposed estrogen hypothesis™; that is, estrogen “unopposed”
by a progestin increases risk. The basis for this hypothesis is that estrogen
unopposed by a progestin increases cell division in the endometrium.
Analysis shows that reducing the standard dose of ET by as much as a
half will have no effect on the ET-associated risk of endometrial cancer.
This hypothesis also provides an explanation of why 1 year of COC use
has a smaller preventive effect than a birth. It also suggests that the
recently introduced COCs with an increase in the number of days of active
pill intake from 21 to 24 days per 28-day COC cycle will significantly
increase the protective effect of COC use. Use of the progestin-containing
intrauterine system (IUS) with its continuous release of progestin reduces
the risk of endometrial cancer to a marked extent; a year of such use may
provide as much protection as a birth. Some of this progestin-containing
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IUS effect may, however, not be due to the progestin as non-hormonal U
devices (IUDs) have also been shown to decrease endometrial cancer risk
although to a lesser extent. It is now clear that the protective effect of
parity is markedly affected by the age at which the last birth occurs: for the
same number of total births, there is a 45 % greater effect of a last birth
after age 40 than a last birth before age 25. It remains to be seen if this age
effect is also seen with the protection afforded by hormonal IUSs or with

COCs where the active pills are given for 12 weeks out of every 13.
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Introduction

The risk of endometrial cancer increases mark-
edly with increasing body mass index (BMI,;
kg/m?) and use of menopausal estrogen therapy
(ET), while increasing parity and use of
combination-type oral contraceptives (COCs)
decrease risk significantly. The effects of these
factors can be explained by a simple “unopposed
estrogen hypothesis” for endometrial cancer
[1, 2]; that is, endometrial cancer risk is
increased by exposure of the endometrium to
estrogen “unopposed” by progesterone or a syn-
thetic progestin, and the increased risk is essen-
tially caused by the increased mitotic activity of
the endometrium induced by such exposure.
Increased mitotic activity as a general risk factor
is supported by a considerable amount of evi-
dence; essentially, for a given tissue, the mitotic
rate plays a central role in determining the rates
at which the underlying carcinogenic processes,
such as mutation, proliferation, and cell death,
will occur in some stem cell compartment [3, 4].

The Age Incidence of Endometrial
Cancer

The incidence of the common non-hormone-
dependent adult cancers (e.g., stomach, colon)
rises continuously and increasingly rapidly with
age. On a log—log scale the age-incidence curve

of such cancers is linear. The incidence of endo-
metrial cancer also increases with age, but there
is a distinct slowing of the rate of increase after
menopause. This is clearly seen in Fig. 1, which
shows the age-specific incidence rates for
endometrial cancer in the Birmingham Region
of the UK from 1968 to 1972 [5]. Note: This
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Fig. 1 Age-specific incidence rates for endometrial can-
cer in the Birmingham region of the UK, 1968-1972
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“historical” data is used in order to avoid distor-
tion due to high hysterectomy rates, high obesity
rates, and widespread use of COCs and meno-
pausal hormone therapy in the USA, all of which
profoundly affect the incidence of endometrial
cancer. It should be noted that the incidence of
endometrial cancer does not decrease at meno-
pause; it is just that its rate of increase is sharply
curtailed.

Figure 1 indicates that the hormonal pattern of
premenopausal women [cyclic production of rela-
tively large amounts of estradiol (E,) and proges-
terone (P4)] causes a much greater rate of increase
in risk of endometrial cancer than the hormonal
pattern of postmenopausal women (constant low
E, and effectively no P,). The premenopausal
level of E, “unopposed” by progesterone although
present for only 50-60 % of the cycle has a greater
effect than the constant low postmenopausal E,:
we would expect that some of the greater increase
in the premenopausal period is caused by the
repopulation of the functionalis of the endome-
trium at the start of each cycle [6, 7].

The increase in the incidence of endometrial
cancer is very rapid at premenopausal ages: from
age 35 to 40, the incidence increases ~250 %
while age increases only 14 %, and years since
menarche only increases from ~22 to ~27 years, a
23 % increase. This large increase in incidence is
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because incidence increases as the 6th power of
years since menarche (this is shown approxi-
mately in Fig. 1). It is this power relationship
that explains the large preventive effects of
relatively short periods of COC use and the
large increases in risk associated with relatively
short periods of menopausal ET use.

Estrogen Dose and Endometrial
Cell Mitotic Rate

E, is the predominant intracellular estrogen in
the endometrium and estrogens stimulate mitosis
in endometrial cells [8]. Progestins dramatically
reduce mitotic activity by reducing the concen-
tration of estrogen receptors, by increasing the
metabolism of E, to the less active estrone [9],
and by stimulating differentiation of endometrial
cells to a secretory state.

Figure 2 shows the plasma concentrations
of E, and P, and the mitotic rate of the
glandular endometrial cells during the menstrual
cycle [10-12]. The mitotic rate reaches a near
maximal level early on in the cycle around
day 5. The rate stays roughly constant for
~14 days, until around day 19, after which
it drops to a very low level when P, increases.
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Fig. 2 Plasma concentrations of estradiol and progesterone and endometrial mitotic rate by day of cycle



The maximal mitotic rate is induced by the rela-
tively low early follicular plasma E, concentra-
tion of ~50 pg/ml; later increases in E, levels do
not appear to induce any further increase in
mitotic rate. Thus, there appears to be an upper
limit, no greater than ~50 pg/ml, to the effective
plasma concentration of E,.

The existence of a low ceiling of E, effect has
important implications. In particular, this limit
implies that, in premenopausal women, changes
in E, will have little effect. Increases in E,
concentration above normal will not increase
endometrial cell division, while decreases in E,
may, at most, only decrease mitotic activity for
the few days of the cycle during which E, is
normally close to the basal ~50 pg/ml level.
In postmenopausal women, E, plasma levels are
strongly correlated with increasing BMI—the
average levels increase from ~7.5 pg/ml at a
BMI of 20 kg/m? to ~13.2 pg/ml at a BMI of
30 kg/m2 [13]. The E, plasma levels are well
below the early follicular level of ~50 pg/ml
even in women with a high BMI, and increases
in E, may, therefore, increase the endometrial
mitotic rate until the upper limit for E, effect is
reached. We can refine this estimate of the upper
limit by considering the effects of menopausal
ET (see below).

Bioavailable E,

Plasma E, is bound with high affinity to sex
hormone-binding globulin (SHBG) and SHBG-
bound E, is not bioavailable [14]. SHBG levels
decrease significantly with increasing BMI, so
that, for example, SHBG levels decrease ~43 %
with a BMI change from 20 to 30 kg/m”. The
proportion of E, that is bioavailable increases
from ~49 % at a BMI of 20 kg/m? to ~63 % at
a BMI of 30 kg/m?; the average bioavailable E,
plasma levels increase from ~3.7 pg/ml at a BMI
of 20 kg/m? to ~8.3 pg/ml at a BMI of 30 kg/m>.
(The above figures were calculated using the
mass action approach of Sodergard et al. [15]
with the estimated association constants as
given by Dunn et al. [16], and with the E, and
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SHBG values given by the Endogenous
Hormones and Breast Cancer Collaborative
Group [13].)

Body Mass Index

Increasing BMI is strongly associated with a
greatly increasing risk of endometrial cancer,
the risk approximately doubling between a BMI
of 23 kg/m? and a BMI of 30 kg/m? [17]. This is
evident both in premenopausal [18] and post-
menopausal women [19]. At premenopausal
ages, increasing BMI, especially obesity, is
associated with an increased frequency of anovu-
latory cycles [20], in which in the absence of P,
the endometrium is stimulated throughout the
cycle. During the postmenopausal period,
increasing BMI is associated with higher levels
of E, from conversion of androgens to estrogens,
as well as lower levels of SHBG, so that the
estrogen is more bioactive [1, 21].

With increasing BMI, the protective effect of
an earlier menopause will decrease until a situa-
tion is reached where there will be no effect at all
as can be deduced from the results of several
studies [22].

Menopausal Estrogen Therapy (ET)

The dose of menopausal ET most commonly
used in the USA, that is, conjugated estrogens
(CE) at 0.625 mg/day, results in endometrial cell
proliferation approximately equal to that found
during the follicular phase of the menstrual cycle
[8]. Thus, it is to be expected that ET will sub-
stantially increase a woman'’s risk of developing
endometrial cancer, and that this increase will be
strongly dependent on the duration of use. In our
study, an increased risk of ~16.8 % per year of
use was found [22] and similar risks have been
reported in other studies [23-25].

The increased risk from ET use is strongly
dependent on BMI. In our study [22] the
increased risk per year of use of ~16.8 % was



The Essential Epidemiology of Cancer of the Endometrium: An Update 5

an average of 19.3 % for women with a BMI of
<30 kg/m* and of 7.7 % for women with a BMI
of >30 kg/m”. Similar results were reported by
Brinton and coworkers [26] with a relative risk of
3.8 for women with a BMI of <28 kg/m” and
1.05 for women with a BMI of >28 kg/m”. The
Million Women Study [27] found that ET use
was associated with no increase in risk in women
with a BMI of >30 kg/mz. We conservatively
estimate that there is no increased risk from ET
use in women with a BMI >32 kg/m”. Plasma E,
is ~14.8 pg/ml in a 32 kg/m* woman [13], and it
can be concluded that the ceiling of effective
non-SHBG-bound plasma E; is ~9.7 pg/ml (cal-
culated as described above).

All effective doses of ET are likely to result in
plasma estrogen levels above this ceiling level.
This can be seen most easily by considering the
plasma estrogen levels of a woman on the 50 pg
E, transdermal patch, which achieves roughly
the same effects as a CE dose of 0.625 mg/day.
A 50 pg E, patch increases plasma E; levels by
~30 pg/ml [28-30] and has little effect on SHBG
[31, 32], so that non-SHBG-bound E, will
increase from ~3.7 pg/ml to ~18.4 pg/ml in a
20 kg/m? woman. Thus, the steady-state plasma
non-SHBG-bound E, level of all women on a
50 pg E, patch is well above the ceiling level of
~9.7 pg/ml. Even at only half the dose, i.e., a
25 pg E, patch, the non-SHBG-bound E, will be
~11.0 pg/ml in a 20 kg/m?* woman, still above the
ceiling. Thus, different doses of ET should have
similar effects, as has been observed [25].

Menopausal Estrogen-Progestin
Therapy

To reduce the increased endometrial cancer risk
from menopausal ET, progestins were added to
ET [estrogen—progestin therapy (EPT)] for
between 10 and 13 days per month in a sequential
fashion (sequential EPT).

Although there was some individual variation
in response the increased endometrial cell prolif-
eration associated with CE at 0.625 mg/day was
generally reduced to the levels seen in the secre-
tory phase of the cycle by the addition of a

progestin equivalent to oral medroxypro-
gesterone acetate (MPA) at 5 mg/day
[8, 33—37]. This and other findings [38—40] per-
suaded most prescribers that 10—13 days of pro-
gestin was sufficient to abolish any increased
endometrial cancer risk, and this became stan-
dard practice [40].

Key and Pike [2] argued that if endometrial
cell proliferation in the basalis layer was the key
to increased risk from ET, there would still be an
increased risk from sequential EPT even with
13 days of progestin use, since there would still
be unopposed estrogen for around 15 days per
treatment cycle. Moreover, Fig. 1 shows that
endometrial cancer incidence is increasing rap-
idly in the premenopausal period, so that the
notion that mimicking the progestin phase of
the menstrual cycle would provide adequate pro-
tection was always suspect. Epidemiologic stud-
ies have consistently reported increased risks
with sequential ET use and a meta-analysis
shows a relative risk per year of use of 1.05
(95 % CI 1.02-1.08), clearly an increased risk
although much smaller than was seen with ET.

Sequential EPT causes regular bleeding in
many women and is associated with other nega-
tive side effects; as a result, continuous-combined
EPT (ccEPT) regimens were prescribed in which
the estrogen and progestin are always taken
together. If the dose of progestin used in ccEPT
is sufficient to block endometrial epithelial cell
division, then one would predict that there should
be no increased risk of endometrial cancer from
use of ccEPT, and that there would be a decreased
risk in heavier women as it would be expected
that the progestin component would block endog-
enous estrogen in addition to blocking the action
of the estrogen in the EPT. The Women’s Health
Initiative randomized trial of ccEPT found a
decreased risk of endometrial cancer with a rela-
tive risk of 0.81 (95 % CI 0.48-1.36; based on
27 and 31 cases of endometrial cancer) during
5.6 years of use [41]. Similar results were
observed in the much smaller HERS 1I
randomized trial [42], and in a number of epide-
miological studies [27, 43—45]; and the only two
studies reporting effects by BMI found much
larger protective effects in heavier women



[27, 44]. A number of these studies were done in
Europe where higher doses of nor-testosterone-
derived progestins were used [27, 36, 43, 45].
A number of other studies with MPA at 2.5 mg/
day did not show a decreased risk with ccEPT
[22, 46—48]: this would be in agreement with the
results of studies that showed that endometrial
epithelial cell proliferation is slightly increased
with ccEPT with MPA at 2.5 mg/day [36, 49,
50]. It is clear that there is little risk from
ccEPT, but whether there is a decreased risk
with the low-dose 2.5 mg MPA ccEPT is unclear.

Parity

Endometrial cancer risk decreases significantly
with increasing parity. A comprehensive meta-
analysis found a relative risk per birth of 0.86,
i.e., a 14 % reduction in risk per birth. Two and
three births are therefore estimated to reduce risk
by 26 % (relative risk of 0.86%) and 36 %
(relative risk of 0.86%), respectively. A meta-
analysis of epidemiological studies contributing
data to the Epidemiology of Endometrial Cancer
Consortium found that the relative risk (for a
given number of births) was reduced by a factor
of 0.88 for each 5 years later that the last birth
took place. Compared to a woman who has her
last birth under age 25, a woman who has the
same number of births but has her last birth after
age 35 has a 33 % lower risk of endometrial
cancer and if she has her last birth after age
40 a 45 % lower risk. Women with only a single
birth tend to have the birth late and this appears
to be the reason that some earlier analyses had
found the first birth to be more protective than
subsequent births. A number of authors have
suggested that these results support the hypothe-
sis that the reduction in risk of endometrial can-
cer is related to a mechanical shed of malignant
or premalignant cells at each delivery [51].
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Hormonal Contraception
Combined Oral Contraceptives

The use of COCs is associated with a marked
long-term reduction in endometrial cancer risk.
The recently published comprehensive meta-
analysis of epidemiological studies of COC use
and endometrial cancer found that the reduction
in risk increased with increasing duration of use:
every 5 years of use was associated with a rela-
tive risk of 0.76 (i.e., a 24 % reduction in risk)
[52]. Use of COCs for 10 years is associated with
a 42 % reduction in risk (relative risk of 0.76).
The reduction was still evident 30 years after use
of COCs had stopped and there was no evidence
of any change in the protective effect with
changes in the doses and formulations of COCs
over time. The reduction in risk will be some-
what higher at younger ages and lower at much
older ages. Whether the extent of protection is
greater with later age of COC use has not been
investigated.

COCs are a mixture of an estrogen (ethinyl-
estradiol) and a progestin. Their composition is
such that they are progestin dominant for the
endometrium, so that endometrial proliferation
is much reduced during a COC cycle compared
to a normal menstrual cycle. The observed reduc-
tion in risk with COC use is what we would
predict from a mathematical model of incidence
if the total endometrial proliferation over a
28-day cycle on a COC is reduced by a third
compared to a normal cycle [53]. The common
COCs have been packaged with 21 active and
7 placebo pills (21/7). Very recently, they have
been packaged with 24 active and 4 placebo pills
(24/4) or 84 active and 7 placebo pills (84/7).
These COCs will be associated with less prolif-
eration than the 21/7 OCs and should thus be
associated with a greater protective effect against
endometrial cancer.
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Levonorgestrel Intrauterine System
(LNG-IUS)

The use of the intrauterine system of delivery of
the progestin, levonorgestrel, as a progestin-only
contraceptive results in atrophy of the glandular
epithelium [54]. The LNG-IUS wused was
designed for 5 years of use, and their use would
thus be predicted to significantly reduce the risk
of endometrial cancer. In the single epidemiolog-
ical study of the effects of the LNG-IUS on
endometrial cancer risk a 50 % reduction in risk
was found with the purchase of a single
LNG-IUS and a 75 % reduction in risk was
found with the purchase of two or more
LNG-IUSs. This study was done using the
National Reimbursement Registry linked to the
Finnish Cancer Registry and the LNG-IUS had
been prescribed for treatment of menorrhagia.
Comparison was made of the endometrial cancer
rate in the LNG-IUS users to the rate in the
general population. The study did not adjust for
parity, BMI or COC use, or for the fact that the
women were being treated with the LNG-IUS for
menorrhagia. They also did not adjust the general
population rate for the proportion of women in
the general population who had been hysterecto-
mized, but this would have made their figure for
reduction in risk even greater. The study should
be considered as providing strong suggestive
evidence of a protective effect. As we noted
above, the finding is what we would expect
from the effect of the LNG-IUS on endometrial
glandular proliferation, and from the substantial
evidence that the use of the LNG-IUS in women
with endometrial hyperplasia results in disease
regression in the majority of cases [55] and use of
LNG-IUS has been found to eradicate some
early-stage endometrial cancers [56, 57]. Further
studies are clearly needed.

Depot Medroxyprogesterone Acetate

Depot medroxyprogesterone acetate (DMPA)
administered every 3 months at a 150 mg dose
produces profound progestogenic effects on the
endometrium; this is as expected, since the dose

of progestin is sufficient to suppress ovulation
throughout the 3 months, and the serum level of
MPA soon after injection is some 25 times higher
than is needed to suppress ovulation [58]. The
single case-control study of DMPA and endome-
trial cancer was conducted in Thailand by the
WHO in the late 1980s: the study found a 79 %
lower risk (relative risk of 0.21; 95 % CI
0.06-0.79) of endometrial cancer for ever use
of DMPA based on 3 cases and 84 controls
[59]. No additional studies have been reported.
Our understanding of the etiology of endometrial
cancer strongly suggests that DMPA use will be
associated with a lower risk of endometrial can-
cer with the effect being greater the longer the
duration of use.

Non-hormonal Intrauterine Devices

The earliest epidemiological studies of the possi-
ble effects of non-hormonal intrauterine devices
(IUDs) on endometrial cancer risk were made in
the early 1990s. A comprehensive meta-analyses
of the results of the published studies was
reported by Beining et al. [60] and more recently
Felix et al. [61] conducted a detailed analysis of
the individual-level data on cases and controls
included in the studies contributing to the Epide-
miology of Endometrial Cancer Consortium
(E2C2). Almost all individual studies found a
reduction in risk with use of an IUD. The overall
estimate of the reduction in risk found by
Beining et al. was 46 % (95 % CI: 38-53 %)
while the reduction in risk found by Felix
et al. was 11 % (95 % CI: 34-21 % increase)
for a copper-containing IUD and 31 % (95 % CI:
42-18 %) for an inert IUD. A majority of the
studies included in the meta-analysis of Beining
et al. were not members of E2C2 and these
non-E2C2 studies contributed significantly to
the greater protection they found for IUD use.
For most studies Beining et al. did not have
information on the type of IUD, and almost all
of the studies did not adequately adjust for other
endometrial cancer risk factors. Looking at the
results as a whole it appears that more recent use
is associated with a greater protective effect but a



protective effect is present for at least 10 years
after stopping IUD use. It is not clear that there is
a duration of use effect.

Although Felix et al. found only a small pro-
tective effect of the copper IUD, the single study
investigating the effect of the copper IUD on
endometrial glandular proliferation found an
80 % reduction in Ki67 comparing baseline to
6 months after IUD insertion (all comparisons
made in the mid-follicular phase of the cycle)
[62], so that we would have predicted a signifi-
cantly reduced risk of endometrial cancer. In
Table 2 in Felix et al. the crude relative risk for
the copper IUD is 0.26; this becomes 0.89 after
adjustment. This is in sharp contrast to the results
for an inert IUD where the crude relative risk of
0.71 is hardly changed at all, becoming 0.69,
after adjustment. It is not clear why there is
such a difference in the effect of adjustment.

The protective effect of IUD use may be quite
large and further analyses and possibly further
studies are needed.

Smoking

Cigarette smoking has been consistently found to
be associated with an approximately 25 % lower
risk of endometrial cancer in postmenopausal
women [63-65]. Risk was lower in current than
in past smokers and some studies found a greater
reduction in risk with increasing numbers of
cigarettes smoked per day. There was no reduction
in risk among premenopausal women. Smokers
are known to have an earlier age at menopause
and their average BMI is lower than that of
nonsmokers, but adjustment for these factors did
not explain the protective effect in postmeno-
pausal women. Multiple studies have found no
effect of smoking on serum estrogen levels in
postmenopausal women but did find consistent
elevations of androstenedione [66—69]. Although
a number of investigators suggested that the ele-
vated levels of androstenedione could be causally
related to the protective effect of smoking, epide-
miological studies of androgen levels as they
relate to endometrial cancer risk have found no
evidence for such an effect [70]. At present no
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viable hypothesis has been proposed that would
explain the protective effect of smoking. Since the
effect is quite large this area might benefit from
direct study of the biological effect of smoking on
endometrial cells.

Chemoprevention

The use of COCs is a most effective approach to
chemoprevention of endometrial cancer. The
protection is very long-lasting and should be
further increased with the newer formulations
of COCs with a higher ratio of active to placebo
pills. DMPA, the  progestin-containing
IUS-LNG, and IUDs also provide protection
against endometrial cancer, probably greater pro-
tection than is observed with COCs used for the
same length of time.

The substantial reduction in risk of endome-
trial cancer seen with a late age at last birth
suggests that endometrial sloughing may have a
substantial protective effect. Further detailed
studies of the endometrium—at or soon after
delivery, at the end of the sloughing period
while taking COCs with different ratios of active
to placebo pills, and after varying periods of
using DMPA, LNG-IUS, and IUDs—should
lead to a deeper understanding of the basis of
the protective effect of births and how we
might hope to capitalize on the late age of births’
protective effect.

Conclusions

 Proliferation of the endometrium is dependent
on estrogen unopposed by a progestin.

e Maximum proliferation is achieved at a rela-
tively low level of bioavailable estradiol.

« Basal estrogen levels in the postmenopausal
age group are dependent on body mass index
(BMD).

» Bioavailable estradiol levels are also depen-
dent on BMI.

» The above facts explain many epidemiologic
observations concerning the risk of developing
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endometrial cancer in relation to age, obesity,
and type of exogenous hormonal use.

COCs, other hormonal contraceptives, and
IUDs provide substantial long-lasting protec-
tive effects against endometrial cancer and
newer formulations of COCs will in all likeli-
hood provide even greater protection than has
been seen with “traditional” COCs.
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