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Presentation Summary

Selective estrogen receptor
modulators (SERMs) are com-
pounds that bind to estrogen
receptors, producing estrogen-
like (agonistic) effects in some
tissues and estrogen-blocking
(antagonistic) effects in other tis-
sues. One goal of developing
SERMs has been to find com-
pounds that would provide post-
menopausal women with the ben-
eficial effects of estrogens, such
as protection against osteoporosis
and cardiovascular disease, with-
out the negative effects of estro-
gens on reproductive tissues.
Currently available estrogen or
hormone replacement therapies
are avoided by some post-
menopausal women because of
undesirable side effects, such as
vaginal bleeding, and concern
about cancer risk.

The different chemical struc-
tures of various SERMs result in
diverse actions. Tamoxifen, a
triphenylethylene  compound,
demonstrates an estrogen-antago-
nistic effect on breast tissue, a par-
tial estrogen-agonistic effect on
endometrial tissue, and estrogen-
agonistic effects on bone remodel-
ing and lipid profile. Another
triphenylethylene, toremifene,
appears to have similar effects on
breast and endometrial tissues.
However, available long-term clin-
ical data are insufficient to assess
all of this compound’s effects.

Raloxifene, a benzothiophene com-
pound, has estrogen-antagonistic
effects on breast and endometrial
tissues and estrogen-agonistic
effects on bone remodeling and
lipid profile.

Tamoxifen’s gynecologic effects
include vaginal bleeding, men-
strual irregularities, and endomie-
trial changes, such as hyperplasia.
This drug has been shown to
increase the risk for endometyial
cancer but not ovarian cancer.
Unlike tamoxifen, raloxifene does
not induce vaginal bleeding or
changes in endometrial tissue
and may decrease the risk for
endometrial cancer. Furthermore,
clinical trials of raloxifene in post-
menopausal women have pro-
duced no evidence of ovarian
abnormalities or increased risk
for ovarian cancer. If long-term
data continue to demonstrate
raloxifene’s positive gynecologic
safety profile, postmenopausal
women who refuse to take or con-
tinue estrogen or hormone
replacement therapies may be
more likely to accept and adhere
to long-term preventive therapy.
The differential effects of SERMs
provide clinicians with more
options for individualizing pre-
ventive regimens. Thus, a larger
proportion of this population may
have an opportunity to preserve
their bone mass and potentially
decrease their risk for cardiovas-
cular disease and breast cancer
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Introduction

Selective estrogen receptor modu-
lators (SERMs) comprise a group of
structurally diverse compounds that
bind to estrogen receptors and pro-
duce estrogen-like (agonistic) effects
in some tissues and estrogen-blocking
(antagonistic) effects in other tissues.
SERMs are distinguished from estro-
gens by their ability to interact with
estrogen receptors but exert either
estrogenic or antiestrogenic activity,
depending on the target tissue.!
Among the sites in a woman’s body
commonly considered to be estrogen
target tissues are the hypothalamo-
pituitary axis, breast, liver, uterus,
and vagina.?

History and Development of
SERMs

The finding that SERMs had poten-
tial as a treatment for breast cancer
was serendipitous, emerging from
early observations of several com-
pounds that originally had been con-
sidered antiestrogens. These agents
produced contraceptive effects and
also had weak estrogenic activity. The
first of these was ethamoxytriphetol,
which demonstrated contraceptive
efficacy in mating rats but was later
found to produce troublesome side
effects in  humans. In 1967,
clomiphene, an estrogen triphenyleth-
ylene analog that was found to be a fer-
tility rather than a contraceptive
agent, was approved for treatment of
ovulatory dysfunction.?

Tamoxifen, another triphenylethy-
lene analog, was also identified as an
antiestrogen in the early 1960s. As
with clomiphene, tamoxifen was
shown to enhance the chances of con-
ception in women with fertility prob-
lems, leading to its use for the induc-
tion of ovulation in Great Britain and
Ireland.? Tamoxifen’s potential role
against breast cancer also captured
the interest of researchers, and it was
approved in the United States for
adjuvant treatment of advanced
breast cancer in 19783
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It was nearly 2 decades before two
newer SERMs were approved. In
1997, toremifene, a derivative of
tamoxifen, was approved for treat-
ment of metastatic breast cancer.
That same year, raloxifene, which was
originally studied as a therapy for
breast cancer, was approved for pre-
vention of osteoporosis in post-

menopausal women.> In 1998, tamox-
ifen received approval for a new indi-
cation—prevention of breast cancer
in healthy women at high risk for the
disease.

Finding a compound that provides
postmenopausal women with the ben-
eficial effects of estrogens, such as
protection against osteoporosis and
cardiovascular disease, without the
negative effects of estrogens on repro-
ductive tissues has been driving the
development of new SERMs such as
raloxifene and other compounds
under development.! This is an
important goal, because currently
available estrogen-based regimens,
including  unopposed  estrogen
replacement therapy (ERT) and com-
bined estrogen and progestin therapy
(hormone replacement therapy
[HRT]), have some undesirable side
effects and poor adherence rates.
Vaginal bleeding, bloating, breast
swelling and tenderness, and an
increased risk for breast cancer are
associated with these therapies and
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have been reported to lead to non-
compliance or refusal to initiate
therapy.*® ERT is also associated with
an increased risk for endometrial can-
cer, Therapies with fewer side effects
may encourage adherence and pro-
vide long-term benefits for post-
menopausal women.’

The profile of the ideal SERM is
multifaceted. Such a compound
would provide bone and cardiovascu-
lar protection, breast cancer preven-
tion, and uterine safety without
inducing bleeding. It would have pos-
itive effects on the genitourinary sys-
tem and cognition and would reduce
vasomotor symptoms. The ideal
SERM would also produce minimal
side effects, with no increase in
thromboembolic events. Convenient
dosing also would be expected from
the ideal SERM.

SERM Compounds

The different chemical structures
of various SERMs result in diverse
actions in the human body. The
triphenylethylenes, of which tamox-

Table 1. Current Indications of Clinically Available SERMs

Compound

Indication

Clomiphene

Raloxifene

Tamoxifen

Toremifene

Treatment of ovulatory dysfunction in women
desiring pregnancy

Prevention of postmenopausal osteoporosis

Adjuvant treatment of axillary node-negative or
node-positive breast cancer in postmenopausal
women, treatment of metastatic breast cancer in
men and women, and prevention of breast cancer
in high-risk women

Treatment of metastatic breast cancer in post-
menopausal women with ER-positive tumors or
tumors with unknown receptor status

Source: See references 8 and 9

ifen is the prototype, have demonstrat-
ed an estrogen-antagonistic effect on
breast tissue and estrogen-agonistic
effects on endometrial tissue, bone
remodeling, and serum lipid levels.
Other triphenylethylenes include
clomiphene, toremifene (a tamoxifen
derivative), and three tamoxifen deriv-
atives currently under investigation
(droloxifene, idoxifene, and TAT-59).1

The benzothiophenes, of which
raloxifene is the prototype, have
demonstrated estrogen-antagonistic
effects on breast and endometrial tis-
sue and estrogen-agonistic effects on
bone remodeling and lipid profile.
With its approval for prevention of
postmenopausal osteoporosis, ralox-
ifene became the first clinically avail-
able benzothiophene compound.
Other benzothiophenes, including
benzopyrans, tetrahydronaphthylenes
(such as CP 336,156), and centchro-
man, are not clinically available.! See
Table 1 for current indications of the
clinically available SERMs.

As scientific knowledge about
estrogen receptors is still evolving,
evidence suggests that the effects of
estrogen in different tissues are regu-
lated by different estrogen entities
through specific pathways.!? Estrogen
binds to its receptor, which then
attaches to certain genes and triggers
the formation of a transcription com-
plex that activates the bound genes.?
This activation ultimately transcribes
genes into molecules that form new
proteins that are capable of inducing
cell division and other cell changes.
SERMs block estrogen action by plug-
ging the estrogen-binding site on the
receptor, keeping estrogen from gain-
ing access and thus preventing tran-
scription. While this explains the
antiestrogenic activity of SERMs in
some cells, the mechanism by which
SERMs mimic estrogen in other cells
is less clear.®

Clinical experience and animal
data provide evidence that SERMs
exert their effects on at least four
major areas of the body: gynecologic,
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skeletal, and breast tissues and the
cardiovascular system. One area in
which the different chemical struc-
tures of SERMs appear to produce dif-
fering effects is gynecologic tissue.
Whereas tamoxifen and its deriva-
tives demonstrate partial estrogen-
agonistic properties in the endometri-
um, raloxifene has been shown to
function as an estrogen antagonist in
the uterus and does not stimulate
endometrial proliferation.!’ To better
understand the gynecologic effects of
SERMs, it is important to review how
endogenous and exogenous estrogen
affects these tissues.

Gynecologic Effects of Estrogen

Menopause and its depletion of
endogenous estrogen are associated
with gynecologic problems that can be
troubling to postmenopausal women.
Structures in the genital tract, such as
the vagina, ovaries, cervix, and uterus,
are target tissues of estrogens and
atrophy with estrogen deprivation and
aging. Atrophy of the vulva and vagi-
nal mucosa are also associated with
estrogen deprivation and aging** In
addition, the progressive decline of
estrogen results in decreased glycogen
levels in the vaginal epithelium,
changes in vaginal acidity, and other
alterations of the vaginal milieu that
can lead to dryness, atrophic vaginitis,
and dyspareunia.®®

Among the benefits of estrogen
replacement therapies are their favor-
able effects on vulvovaginal atrophy.
Oral, vaginal, and transdermal estro-
gen therapies in postmenopausal
women have been shown to restore
vaginal cytology to premenopausal
values, as measured by increases in
vaginal mucosa thickness.'*17 Oral
and vaginal estrogen therapies also
decrease vaginal dryness and increase
vaginal blood flow.'”

Endometrial Hyperplasia. Endo-
metrial hyperplasia is a gynecologic
complication of ERT and a major
health concern for postmenopausal
women. Continuous ERT is associated

-+« AN INTRODUCTION TO SERMS AND THEIR GYNECOLOGIC EFFECTS ---

with up to a 62% incidence of
endometrial hyperplasia. Among the
cyclical HRT regimens, the balance
between estrogen and progestin is
important for ensuring endometrial
protection ¥  For example, the
Menopause Study Group conducted a
12-month study that included 1385
women and concluded that the mini-

mum dosages of medroxyproges-
terone acetate needed for endometri-
al protection are 2.5 mg continuously
or 5.0 mg for 14 days.”®

Endometrial Cancer. In 1997, an
estimated 35,000 new cases of uter-
ine cancer, usually in the endometri-
um, occurred in the United States.?®
The estimated mortality rate was
approximately 3 per 100,000 cases,
accounting for 6000 deaths.?*?! The
link between endometrial cancer inci-
dence and use of exogenous estrogen
is supported by findings from retro-
spective, case-control studies in
which relative risk for this condition
was increased by as much as 8.0.72-5
Other risk factors include conditions
causing increased endogenous estro-
gen exposure (ie, early menarche, late
menopause, nulliparity, and failure to
ovulate), diabetes, hypertension, obe-
sity, and gallbladder disease.*

Although estrogen use increases
the risk for endometrial cancer, it
does not appear to increase mortality
from this condition %7 In fact, the
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mortality risk associated with endome-
trial cancer was found to be 5.4 times
greater for estrogen nonusers than for
estrogen users. The S-year survival
was 68% among nonusers, compared
with 92% among users.?” In addition,
estrogen users with endometrial can-
cer have been found to have lower
tumor grades and either lower depth
of myometrial invasion or no myome-
trial invasion.?6?” Among women with
poorly differentiated tumors or
myometrial invasion, a history of
estrogen use is not associated with
superior survival.??

Adding a progestogen to estrogen
therapy has been shown to offset the
increased risk for endometrial cancer
associated with unopposed estrogen.
For example, a retrospective analysis
of hypoestrogenic women found that
the incidence of endometrial cancer
per 1000 patient-years was 0.5 for
women receiving no exogenous estro-
gens, 6.5 for women receiving ERT,
and O for women receiving HRT.?® In
placebo-controlled, prospective stud-
ies, HRT has been associated with
lower rates of endometrial cancer
than found in untreated control
sroups® and ERT groups.3*

Gynecologic Effects of Tamoxifen
As a triphenylethylene, tamoxifen
is a partial estrogen agonist in the
uterus and endometrium.* Thus, this
compound’s  gynecologic  effects
include vaginal bleeding or dis-
charge, menstrual irregularities,
endometrial changes (hyperplasia,
polyps, endometriosis, and uterine
fibroids),® and an increased risk for
endometrial cancer.**** These gyne-
cologic effects may have important
implications for the long-term safety
of tamoxifen. In addition, these side
effects may decrease patient accept-
ance of and long-term adherence to
tamoxifen therapy, particularly
among healthy women who could
take tamoxifen for up to 5 years for
the prevention of breast cancer, as
recommended by the manufacturer®

Endometrial Hyperplasia. Several
clinical trials have found an associa-
tion between endometrial abnormal-
ities and tamoxifen therapy. In a
study of 16 breast cancer patients
receiving tamoxifen (20 mg/day), hys-
teroscopy before and after treatment
revealed that 9 women (56%) had
endometrial changes after 6 to 36
months of treatment.> These changes
included endometrial proliferation,
polyps, or adenocarcinoma. In anoth-
er study of breast cancer patients
receiving the same dosage of tamox-
ifen, hyperplasia was demonstrated in
7 of 38 women (18%) who underwent
endometrial biopsies after at least 12
months of treatment.*® Based on
these results, the authors recom-
mended periodic endometrial sam-
pling for women using tamoxifen.

However, other researchers have
concluded that routine biopsies are
not needed. In one study, tamexifen-
treated women with breast cancer
underwent transvaginal ultrasound
and/or sonohysterography to evaluate
endometrial thickness prior to
endometrial sampling, Of 44 asymp-
tomatic women, 12 (27%) had polyps,
4 (9%) had proliferation or hyperpla-
sia, and 2 (4%) had carcinoma.®
Thus, like the American College of
Obstetricians and Gynecologists
(ACOG), these authors did not rec-
ommend routine endometrial sam-
pling. ACOG recommendations for
women receiving tamoxifen include a
yearly Papanicolaou smear and
bimanual and rectovaginal examina-
tions, with endometrial biopsy
reserved for women who have abnor-
mal bleeding or other gynecologic
symptoms *®

Endometrial Cancer. Tamoxifen
has been shown to increase the risk
for endometrial cancer. In the
National Surgical Adjuvant Breast and
Bowel Project B-14 trial, which evalu-
ated more than 4000 patients, tamox-
ifen (20 mg/day) was associated with
a relative risk of 7.5 for endometrial
cancer compared with no treat-
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ment.? The average annual hazard
rate of endometrial cancer per 1000
women was 1.6 among those receiv-
ing tamoxifen and 0.2 among those
receiving placebo. In the Breast
Cancer Prevention Trial, which
involved 13,388 healthy women who
were at increased risk for breast can-
cer, women receiving tamoxifen (20
mg/day) had a 2.53 times greater risk
of developing an invasive endometrial
cancer than women receiving placebo.>*
The average annual rates of invasive
endometrial cancer per 1000 women
were 2.30 and 0.91 for the tamoxifen
and placebo groups, respectively
(Table 2). The increased risk was seen
predominantly in women who were at
least 50 years old.

Ovarian Cancer. In contrast to its
association with endometrial cancer,
tamoxifen does not appear to produce
ovarian cancer. Data from a popula-
tion-based, nested case-control study
of premenopausal and postmenopausal
women receiving tamoxifen for a mean
of 24 months indicate that tamoxifen
is not associated with an increased
risk for developing ovarian cancer.®

Gynecologic Effects of Toremifene
Toremifene is a triphenylethylene
compound that differs from tamox-

-++ AN INTRODUCTION TO SERMS AND THEIR GYNECOLOGIC EFFECTS -+-

ifen by one chlorine atom.*’ The only
large clinical trial to compare
toremifene and tamoxifen for breast
cancer treatment demonstrated that
these agents are comparable in terms
of safety and efficacy.#! At this time,
long-term clinical data are insufficient
to assess toremifene’s impact on
osteoporosis, cardiovascular disease,
or endometrial cancer risk.%
However, results from a randomized,
12-month study that included 31 post-
menopausal breast cancer patients
suggest that toremifene and tamoxifen
have comparable estrogenic activity
in the uterus and vagina.*? Study par-
ticipants received either tamoxifen
(20 mg/day) or toremifene (60
mg/day) and underwent vaginal ultra-
sonography, Papanicolaou smear,
endometrial biopsy, hysteroscopy,
and curettage before treatment and
after months 6 and 12 of treatment.

Gynecologic Effects of Raloxifene
The effects of raloxifene on the
uterus and endometrium differ from
those of the triphenylethylenes
tamoxifen and toremifene, perhaps
because of the different chemical
structures of the agents. Raloxifene, a
benzothiophene, exhibits neutral
effects on the uterus and endometri-

Table 2. Average Annual Rates of Invasive and In Situ Endometrial Cancer Associated With Tamoxifen

Treatment
Number of Events Rate per 1000 Women* 95%
Confidence
Type of Event Placebo Tamoxifen Placebo Tamoxifen Risk Ratio Interval
Invasive cancer 15 36 0.91 2.30 2.53 1.35-4.97
Age, y
<49 8 9 1.09 1.32 1.21 0.41-3.60
>50 7 27 0.76 3.05 4.01 1.70-10.90
0.18 0.06 0.35 0.01-4.38

In situ cancer 3 1

*Women at risk: nonhysterectomized

Source: Tamoxifen for prevention of breast cancer: Report of the National Surgical Adjuvant Breast and Bowel Project P-1 Study by B.

Fisher et al in / Natl Cancer Inst 1998;90:1377. Copyright 1998. Oxford University Press,
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um.*? In addition, raloxifene does not
induce vaginal bleeding, These differ-
ent gynecologic effects may have
important implications for the long-
term safety of raloxifene as well as
patient acceptance and long-term
continuation.

Preclinical data demonstrate that
raloxifene acts as a complete anti-
estrogen in the rat uterus.®
Raloxifene differs dramatically from
estrogen in its lack of significant
estrogenic effects on uterine tissue, as
demonstrated in a study comparing
raloxifene with ethynyl estradiol
administered to ovariectomized rats.**
Both compounds caused significant
increases in uterine weight, but the
effect of raloxifene was approximately
one third of that observed in ovariec-
tomized estrogen-treated animals or
intact controls. The authors noted
that raloxifene’s minimal stimulatory
effect on the endometrial epithelium
suggests a lower risk for cancer com-
pared with long-term ERT.

Figure. Incidence of Vaginal Bleeding With Raloxifene
Treatment

Incidence, %

100

88.5

Rlx CC Rix Cyclic
HRT HRT

Rlx = raloxifene (60 mg/day); CC HRT = continuous combined HRT (0.625 mg/day
conjugated estrogens plus 2.5 mg/day medroxyprogesterone acetate); cyclic
HRT = conjugated estrogens (0.625 mg/day) for 28 days with concomitant
medroxyprogesterone acetate (5 mg) or norgestrel (0.15 mg) on days 1 through 14

or 17 through 28,

Source: See references 45 and 46.

Clinical data have demonstrated
that raloxifene does not induce vagi-
nal bleeding In clinical trials compar-
ing raloxifene (60 mg/day) with con-
tinuous combined or cyclic HRT and
placebo, the incidence of vaginal
bleeding with raloxifene therapy was
similar to that with placebo and sig-
nificantly lower than that associated
with HRT (Figure).®® In a placebo-
controlled, randomized trial of 601
postmenopausal women, the inci-
dence of vaginal bleeding at 24
months was the same for women
treated with raloxifene (60 mg/day)
and those receiving placebo.*

Endometrial Hyperplasia. Raloxi-
fene use is marked by an absence of
changes in endometrial tissue. In
placebo-controlled trials in Europe
and North America, endometrial
thickness was evaluated by transvagi-
nal ultrasonography in 831 women
every 6 months for 24 menths.
Women who received raloxifene (30,
60, or 150 mg/day) had mean
endometrial thickness measurements
that were indistinguishable from
measurements in women Wwho
received placebo.15%

Even at high doses, raloxifene does
not exert stimulatory effects on the
endometrium. According to 1-year
interim results from a 24-month
study comparing raloxifene, at more
than twice the recommended 60-mg
dose, and continuous combined HRT
in 136 postmenopausal women,
a statistically significant increase
in endometrial thickness was
observed with HRT but not with
raloxifene (P < 0.017).%7 Proliferative
endometria occurred in 30.6% of HRT-
treated women, while no proliferation
occurred among raloxifene-treated
women. Moreover, uterine volume
increased significantly (P < 0.001)
with HRT but not with raloxifene.

Another placebo-controlled study
compared raloxifene (200 or 600
mg/day) and conjugated estrogens
(0.625 mg/day).*® In this 8-week
study involving 208 postmenopausal
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women, endometrial stimulation
occurred with ERT but not with
either dosage of raloxifene. Moderate
or marked estrogenic effects were
noted in 77% of estrogen-treated
women, whereas only 15% of placebo-
treated women and none of the ralox-
ifene-treated women showed such
effects. Similar results were obtained
in a 6-month study comparing ralox-
ifene (60 mg/day) and conjugated
estrogens (0.625 mg/day) in 18 post-
menopausal women.** Endometrial
biopsies revealed stimulatory effects
with estrogen therapy but not with
raloxifene therapy. Nonproliferative
endometria were observed in all sam-
ples from the raloxifene group.
Endometrial Cancer. The finding
that raloxifene has not been associated
with an increased risk for endometrial
cancer is consistent with its neutral
gynecologic effect. Results from placebo-
controlled studies that included 12,802
women and evaluated exposure for up
to 39 months showed that raloxifene
did not increase the risk for developing
endometrial cancer.*® Two-year, in-
terim findings from the Multiple
Outcomes of Raloxifene Evaluation
(MORE) trial, which included 7704
postmenopausal women up to age 80
years who had osteoporosis but no
history of breast or endometrial can-
cer, indicate that raloxifene may
decrease the risk of endometrial can-
cer by more than 60%.%° The overall
relative risk of endometrial cancer for
the raloxifene group compared with
the placebo group was 0.38 after a
median of 29 months of follow-up.
Ovarian Cancer. Preclinical data
have shown that raloxifene produces
ovarian tumors in rodents; but rodent
models of ovarian cancer do not pre-
dict increased risk for this cancer in
women.® In addition, clinical trials
with raloxifene in postmenopausal
women have produced no evidence of
ovarian abnormalities or increased
ovarian cancer risk with up to 39
months of exposure. Results from
these placebo-controlled trials, which

*«» AN INTRODUCTION TO SERMS AND THEIR GYNECOLOGIC EFFECTS ---

provide more than 16,000 patient-
years of observation, showed that the
frequency of ovarian cancer was
0.06% for both the placebo and ralox-
ifene groups.5!

Conclusion

Concerns about increased cancer
risks as well as side effects, such as
uterine bleeding, have led some
women to refuse or discontinue tak-
ing ERT or HRT. Tamoxifen, a partial
estrogen agonist in the uterus, also
causes uterine bleeding and increases
the risk of developing endometrial
cancer in some women. In contrast,
raloxifene has a neutral effect on the
endometrium, uterus, and vagina, and
does not cause uterine bleeding
However, neither compound increases
ovarian cancer risk. If long-term data
continue to demonstrate raloxifene’s

positive gynecologic safety profile,.

these differences may have important
implications for acceptance of and
adherence to long-term preventive
therapy. The differential effects of
SERMs provide clinicians with more
options for individualizing preventive
regimens that may allow a larger num-
ber of postmenopausal women to pre-
serve bone mass and potentially
decrease their risk for cardiovascular
disease and breast cancer
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