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Selective oestrogen receptor modulators (SERMs) are structurally diverse non-steroidal compounds that bind to
oestrogen receptors and produce oestrogen agonist effects in some tissues and oestrogen antagonist effects in others.
SERMs are being evaluated for a number of oestrogen-related diseases, including post-menopausal osteoporosis,
hormone-dependent cancers, and cardiovascular disease. Several compounds that exhibit a SERM profile are
currently available for clinical use, including clomiphene, tamoxifen, and toremifene (which are triphenylethylenes)
and raloxifene (a benzothiophene). Clomiphene is used for the induction of ovulation in sub-fertile women attempting
pregnancy. Tamoxifen and toremifene are both used to treat breast cancer. Tamoxifen may have beneficial effects
on bone mineral density and serum lipids. The effects of toremifene on serum lipids are similar to that of tamoxifen.
Both compounds have stimulatory effects on the endometrium. Raloxifene, indicated for the treatment and
prevention of post-menopausal osteoporosis, has beneficial effects on bone mineral density and serum lipids, but does
not increase the risk of endometrial hyperplasia or endometrial cancer. Recently, raloxifene was shown to reduce the
incidence of vertebral fractures in otherwise healthy women with osteoporosis; in the same study, a reduced incidence
of breast cancer was also observed. Similar to oestrogens, SERMs increase the incidence of venous
thromboembolism. Several newer compounds that exhibit a SERM profile are also in clinical development, including
other triphenylethylenes (droloxifene, idoxifene) and benzothiophenes (LY353381·HCl), benzopyrans (EM-800), and
naphthalenes (CP-336,156).
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Introduction

The past 10 years have seen an explosion in data supporting an
understanding of the oestrogen receptor system and of compounds
that interact directly with intracellular oestrogen receptors
(McDonnell, 1998). For many years, these compounds were
classified simply as oestrogen agonists or antagonists. Several key
preclinical and clinical studies provided strong impetus to rethink

this classification and to introduce the notion of a new class of
compounds, referred to as selective oestrogen receptor modulators
(SERMs) (Sato et al., 1994a).

Here we review the key pharmacological, preclinical, and
clinical data relevant to SERM compounds currently in clinical
use. This includes the four agents currently approved for use in the
USA: clomiphene citrate (clomiphene), tamoxifen citrate
(tamoxifen), toremifene citrate (toremifene), and raloxifene
hydrochloride (raloxifene). There are other reviews published in
the current issue of this journal, which focus on the uterine and
bone effects of some of these compounds (Cano and
Hermenegildo, 2000; Díez, 2000).

The notion of SERM

Tamoxifen is the first anti-oestrogen compound to have been used
on a long-term basis (Osborne, 1998). While tamoxifen is clearly
an anti-oestrogen in breast tissue, it was found to cause
endometrial stimulation and increase the likelihood of
endometrial cancer (American College of Obstetricians and
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Gynecologists Committee on Gynecologic Practice, 1996;
Barakat, 1996, 1998). Nonetheless, tamoxifen continued to be
considered an ‘anti-oestrogen’. Concerns over potential
acceleration of osteoporosis, because of its anti-oestrogenic
effects, led to studies of bone mineral density in patients who were
being treated with tamoxifen for breast cancer (Turken et al.,
1989). The data were reassuring, and further studies have
supported the notion that tamoxifen is a skeletal anti-resorptive
agent in post-menopausal women (Love et al., 1992; Grey et al.,
1995b). Concurrent preclinical and clinical work relative to
another compound, raloxifene, provided the information
necessary to firmly establish the concept of SERMs.

SERMs are a structurally diverse group of compounds that bind
to both oestrogen α (ERα) and β (ERβ) receptors and produce
oestrogen agonist effects in some tissues, but oestrogen antagonist
activity in others (Sato et al., 1994a). The tissue specificity of
SERMs is determined in part by the formation of oestrogen
receptor–SERM complexes that vary in their ability to activate
genes when bound to ERα or ERβ (Paech et al., 1997). Further
discussion on the mechanism of action of SERMs is presented
elsewhere in this issue.

At present, a number of compounds that possess a SERM
profile are in clinical use or in advanced stages of clinical
development. By definition, SERMs fulfil the criteria outlined

above, while pure anti-oestrogens display only oestrogen
antagonistic activity. All of these compounds offer unique profiles
that greatly expand therapeutic options in fields ranging from
infertility to post-menopausal health.

Structural chemistry and pharmacology of selected
SERMs

Compounds currently approved for clinical use that display
SERM-like activity fall into one of two chemical families: the
triphenylethylenes and the benzothiophenes (Figure 1).
Clomiphene, tamoxifen, and toremifene are structurally-related
triphenylethylenes. The triphenylethylenes are planar, structurally
rigid compounds. They exist in either a cis- or a trans-
conformation and are often used as racemic mixtures. Raloxifene
belongs to the benzothiophene family. In contrast to
triphenylethylenes, benzothiophenes contain a flexible ‘hinge’
region, which results in a nearly orthogonal orientation of the
basic side chain in raloxifene (Grese et al., 1997). These structural
differences appear to account, in part, for differences in the tissue
selective actions of benzothiophenes and triphenylethylenes
(Grese et al., 1997). The pharmacological properties of these
compounds are discussed below and are briefly summarized in
Table I.

Figure 1. Chemical structures of selective oestrogen receptor modulators currently in clinical use. Both steroisomers of clomiphene (enclomiphene and
zuclomiphene) are shown.

Table I. Pharmacological properties of currently available selective oestrogen receptor
modulators (SERMs)

Clomiphene Raloxifene Tamoxifen Toremifene

Half-life in plasma 5 days 28 h 5–7 days 5 days

Primary route of elimination Faecal Faecal Faecal Faecal

Metabolized by cytochrome P-450 pathway Yes No Yes Yes
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Clomiphene is a racemic mixture of the two stereoisomers,
zuclomiphene and enclomiphene (Adashi, 1993), which vary in
proportion, depending on the preparation. For ovulation induction,
clomiphene is typically administered daily for 5 days during the
follicular phase at a dose of 50 mg/day, but doses of 25–200 mg
daily are sometimes used for up to 10 days. Clomiphene is readily
absorbed orally in humans and reaches peak plasma
concentrations within 6 h (Dickey and Holtkamp, 1996). The half-
life of an oral dose of clomiphene is ~5 days, but trace amounts of
drug have been found for at least 6 weeks after dosing, suggesting
that the drug undergoes enterohepatic recycling (Adashi, 1996;
Ginsburg, 1996). The pharmacodynamics of the two isomers are
substantially different; enclomiphene is absorbed faster and
eliminated more rapidly than zuclomiphene (Adashi, 1996).
Clomiphene is metabolized, in part, by the liver and is contra-
indicated in patients with liver dysfunction; however, little data
exists on the exact pathways involved in clomiphene metabolism
(Adashi, 1996). Clomiphene is excreted principally in the faeces
and to a lesser extent in urine.

Raloxifene binds to the oestrogen receptor with a Kd of ~50
pmol/l, similar to 17β-oestradiol (Glasebrook et al., 1993).
Raloxifene undergoes rapid absorption, extensive first-pass
glucuronidation, and enterohepatic cycling after oral
administration. There is no evidence that raloxifene is
metabolized by cytochrome P-450 pathways. Absorption is ~60%,
with an absolute bioavailability of 2%. The time to reach average
maximum plasma concentration and bioavailability are functions
of systemic interconversion and enterohepatic cycling of
raloxifene and its glucuronide metabolites. In pharmacokinetic
and metabolic studies, raloxifene had a half-life of 27.7 h.
Raloxifene is excreted primarily in the faeces (Lilly Research
Laboratories, 1999).

Tamoxifen binds to the oestrogen receptor with a Kd of ~2
nmol/l, which is ~20-fold lower than that of 17β-oestradiol
(Capony and Rochefort, 1978). Tamoxifen, administered as a
single oral dose of 20 mg, is rapidly absorbed and reaches its peak
concentration in ~5 h. The terminal elimination half-life is ~5–7
days. Steady-state concentrations in plasma are reached after ~4
weeks of tamoxifen therapy in women. Tamoxifen is extensively
metabolized after oral administration; ~65% of the administered
dose is excreted over 2 weeks, primarily by faecal excretion.
Tamoxifen is excreted mainly as polar conjugates, which account
for ~70% of the elimination products. The major metabolite, N-
desmethyl tamoxifen, is similar in biological activity to tamoxifen
(Zeneca Pharmaceuticals, 1998).

Toremifene is a chlorinated derivative of tamoxifen with a
similar binding affinity for the oestrogen receptor (Kallio et al.,
1986). Toremifene is almost completely absorbed after oral
administration, reaches peak concentrations in plasma within 3 h,
and has an elimination half-life of ~5 days. Steady-state
concentrations of toremifene are reached after ~4–6 weeks of
treatment. Toremifene is extensively metabolized, principally by
cytochrome P-450 3A4 to N-demethyltoremifene, and eliminated
mainly in the faeces, with ~10% excreted in the urine over a
1 week period (Schering Corporation, 1999).

Preclinical profile

Clomiphene was originally investigated as a contraceptive drug
based upon its ability to block ovulation in rodents (Jordan, 1997).
Administration of clomiphene to rodents chronically elevates
plasma FSH and LH concentrations, which ultimately inhibits
ovulation; similar effects are observed in women treated with high
doses of clomiphene (Adashi, 1996). Thus, the rodent response to
clomiphene indicates that these models are not appropriate for
studying the reproductive effects of lower doses of clomiphene in
women. Several animal studies indicate that clomiphene has
oestrogen agonist effects in the skeleton and cardiovascular
system (Beall et al., 1984; Chakraborty et al., 1991; Jimenez et al.,
1997). The bone anti-resorptive effect of clomiphene is similar to
that of tamoxifen (Beall et al., 1984; Stewart and Stern, 1986).
Zuclomiphene and enclomiphene appear to have distinct activities
in different tissues. Zuclomiphene is a potent oestrogen agonist in
the uterus of ovariectomized rats, while enclomiphene
antagonizes the oestrogenic effect of zuclomiphene in this tissue
(Young et al., 1991a). Both isomers reduce bone turnover, body
weight, and serum cholesterol (Turner et al., 1998).

The distinctive SERM profile of raloxifene has been studied in
several animal models in which oestrogen agonist effects in the
skeleton and cardiovascular system and oestrogen antagonist
effects in the uterus and mammary gland were observed (Bryant
et al., 1995; Buelke-Sam et al., 1998). In the ovariectomized rat
model of post-menopausal osteoporosis, raloxifene prevented
bone loss (Black et al., 1994; Sato et al., 1994b, 1995), reduced
cancellous bone resorption (Evans et al., 1996), and increased
bone strength (Turner et al., 1994). However, raloxifene did not
antagonize the beneficial effects of oestrogen on bone when
administered to healthy, ovary-intact rats (Magee et al., 1996).
Raloxifene reduced serum cholesterol by ~70% in ovariectomized
rats (Black et al., 1994) and inhibited aortic accumulation of
cholesterol in cholesterol-fed, ovariectomized rabbits (Bjarnason
et al., 1997). In contrast to the rabbit model, raloxifene did not
significantly reduce coronary atherosclerosis in ovariectomized
cynomolgus monkeys when compared with high doses of
conjugated equine oestrogen (Clarkson et al., 1998). However, the
study was insufficiently powered and lacked sensitivity to detect a
significant effect of raloxifene given that higher than expected
blood concentrations of 17β-oestradiol were achieved in the
oestrogen-treated group, variability in plaque size was observed,
and low sample numbers were used (Bryant et al., 1998). In a
separate study, raloxifene inhibited in-vitro oxidation of human
low density lipoprotein (LDL) cholesterol more potently than
oestrogen (Zuckerman and Bryan, 1996). Raloxifene also induced
arterial relaxation in rabbit coronary arteries by an endothelium-
dependent mechanism involving nitric oxide (Figtree et al., 1999).
In rats and rabbits, raloxifene exhibits little or no effect on uterine
weight, uterine histology, and eosinophil peroxidase activity, a
sensitive marker of oestrogenic stimulation of the uterus (Black
et al., 1994; Sato et al., 1996; Bjarnason et al., 1997). Raloxifene
has anti-oestrogenic activity in in-vivo and in-vitro mammary
tumour models. Raloxifene inhibited oestrogen-dependent
proliferation of MCF-7 human mammary tumour cells in vitro
(Wakeling et al., 1984) and blocked growth of carcinogen-
induced mammary tumours in rats (Clemens et al., 1983).
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The anti-oestrogenic action of tamoxifen in mammary tissue has
been studied extensively in both cell culture and animal models.
Tamoxifen inhibited the oestrogen-stimulated growth of MCF-7
human mammary tumour cells both in vitro (Wakeling et al.,
1984) and when these cells were implanted into athymic mice
(Gottardis et al., 1988). Tamoxifen also inhibited the growth of
carcinogen-induced rat mammary carcinomas (Wakeling and
Valcaccia, 1983). Tamoxifen treatment protected against bone
loss caused by ovariectomy in rats as shown by biochemical bone
markers (Frolik et al., 1996) and bone mineral density (Sato et al.,
1996). However, tamoxifen markedly reduced the bone
conserving action of oestrogen when both were given together
(Kalu et al., 1991). Tamoxifen reduced cholesterol concentrations
by 50–60% in ovariectomized rats (Frolik et al., 1996; Sato et al.,
1996). In ovariectomized monkeys, tamoxifen inhibited the rate of
arterial accumulation of LDL degradation products overall and
decreased hepatic cholesterol content (Williams et al., 1997).
Tamoxifen increased plasma concentrations of triglycerides and
reduced average LDL molecular weight, but had no effects on
plasma total, LDL, or high density lipoprotein (HDL) cholesterol
concentrations (Williams et al., 1997). Coronary artery
atherosclerosis was also reduced with tamoxifen treatment,
although the effect was not statistically significant (Williams
et al., 1997). In the uterus of immature or ovariectomized rats,
tamoxifen manifests partial oestrogen agonist effects both on
uterine weight and histology (Wakeling and Valcaccia, 1983;
Wakeling et al., 1983; Sato et al., 1996). Tamoxifen is a strong
hepatocarcinogen in rats, a characteristic that is correlated with its
ability to co-valently bind DNA, resulting in hepatic DNA adduct
formation (Li et al., 1997). High doses of tamoxifen have been
shown to induce cataracts in rats (Greaves et al., 1993).

The preclinical profile of toremifene appears to be similar to
that of tamoxifen. Toremifene blocked oestrogen-stimulated
growth of MCF-7 breast cancer cells grown in tissue culture
(Grenman et al., 1991) or implanted in athymic mice (Robinson
and Jordan, 1989) with an efficacy similar to that of tamoxifen
(Wakeling et al., 1984; Gottardis et al., 1988). The inhibitory
effect of toremifene on the growth of carcinogen-induced rat
mammary carcinomas is also comparable with that of tamoxifen
(Wakeling and Valcaccia, 1983; di Salle et al., 1990). However,
the minimal effective dose of toremifene is higher than that of
tamoxifen, which is consistent with the larger dose of toremifene
(60 mg/day) that is used clinically as compared with tamoxifen
(20 mg/day) (di Salle et al., 1990). In rats, toremifene inhibited
ovariectomy-induced bone loss and stimulated the uterus, similar
to tamoxifen (di Salle et al., 1990; Karlsson et al., 1999). One of
the major differences between toremifene and tamoxifen relates to
hepatocarcinogenicity in animal models. Whereas tamoxifen is a
strong hepatic carcinogen, toremifene is not hepatocarcinogenic
(Hard et al., 1993), and does not form DNA adducts in the rat liver
(Hard et al., 1993; Li et al., 1997). Thus far, no studies have
shown cataract induction by toremifene (Karlsson et al., 1996).

SERMs in clinical use

Clomiphene

When clomiphene was introduced clinically in the early 1960s
(Greenblatt et al., 1961), it revolutionized the treatment of

infertility. Clomiphene, now one of the most widely used drugs in
the management of infertility, is approved in the USA for the
treatment of ovulatory dysfunction in women desiring pregnancy
(Clomid®; Hoechst Marion Roussel or Serophene®; Serono).
Clomiphene plays a limited role in ovulation induction for various
assisted reproductive techniques, for which gonadotrophins have
been found to induce a more intense ovarian response (Tarlatzis
and Grimbizis, 1998). Clomiphene’s primary mechanism of
action is antioestrogenic effects in the hypothalamus, where it
enhances the release of gonadotrophin-releasing hormone
(GnRH). As a result, FSH and LH are released by the pituitary,
leading to ovulation (Adashi, 1996). In addition, clomiphene
displays antioestrogenic activity in the endometrium and on
endocervical cells (Adashi, 1996).

The primary clinical use of clomiphene has been repeated
courses of 5–10 days therapy in premenopausal women for the
management of infertility. Further additional clinical effects of
clomiphene have been explored. There is limited evidence for
skeletal antiresorptive effects of clomiphene (Young et al.,
1991b). Little clinical evidence is available about the effects of
clomiphene on other target organ systems, such as in the
cardiovascular system or mammary gland. Similarly, most of the
effects of clomiphene on the genital tract and ovaries have been
studied only in the context of fertility therapy.

Use of clomiphene for infertility treatment has been associated
with few adverse events. The most common adverse events
reported are hot flushes and visual disturbances (Asch and
Greenblatt, 1976; Adashi, 1996). Hot flushes occur in ~10% of
patients (Jones and De Moraes-Ruehsen, 1965). Visual
disturbances occur in <2% of patients (Asch and Greenblatt,
1976); while generally reversible, a few reports have suggested
that the problem may be permanent (Purvin, 1995). Visual
disturbances during clomiphene therapy are possibly due to
vascular sludging, which leads to ischaemic optic neuropathy
(Lawton, 1994). Other side-effects associated with clomiphene
include cervical mucus abnormalities and luteal phase deficiency
(Derman and Adashi, 1994).

Raloxifene

Raloxifene (Evista®, Eli Lilly and Company) was approved in the
USA in late 1997 for the prevention of post-menopausal
osteoporosis, and more recently, for the treatment of post-
menopausal osteoporosis. Other areas of study include reduction
in risk of breast cancer and cardiovascular disease in post-
menopausal women. Raloxifene acts as an oestrogen agonist in the
skeleton, on serum lipid metabolism, and on a number of
coagulation factors, while it is an oestrogen antagonist in the
breast and uterus (Delmas et al., 1997).

Like oestrogen, raloxifene acts as a skeletal antiresorptive to
decrease bone turnover and prevent bone loss in post-menopausal
women both with (Ettinger et al., 1999) and without (Delmas
et al., 1997; Bjarnason et al., 1998) osteoporosis. Raloxifene also
reduces the risk for vertebral fractures in women with and without
existing vertebral fractures (Ettinger et al., 1999).

Raloxifene has oestrogen agonist effects on lipid metabolism.
The effect of raloxifene on lipoproteins and clotting factors was
evaluated in a 6-month, double-blind, randomized trial of 390
post-menopausal women. Overall, raloxifene favourably altered
biochemical markers of cardiovascular risk, as evidenced by
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significant decreases in serum total and LDL cholesterol, without
effects on HDL cholesterol, but without increasing triglycerides
(Walsh et al., 1998). Similar effects were observed in a larger (n =
601) osteoporosis prevention trial, wherein the effects were
maintained for up to 3 years (Delmas et al., 1997; Bjarnason et al.,
1998). Raloxifene also significantly decreased fibrinogen and
lipoprotein (a) concentrations and increased HDL2 cholesterol
concentrations, but did not significantly affect plasminogen
activator inhibitor–1 concentrations (Walsh et al., 1998). Plasma
concentrations of homocysteine, an established independent risk
factor for atherosclerosis and thromboembolic disease, and C-
reactive protein, a non-lipid marker of atherosclerosis, were also
decreased by raloxifene (Mijatovic et al., 1998; Paul et al., 1998).

While oestrogens have effects on lipid profile similar to those of
raloxifene, and many observational studies have indicated a
reduction in coronary heart disease with oestrogen therapy, a
recently published large, double-blind, placebo-controlled trial
(Heart and Oestrogen/Progestin Replacement Study; HERS)
failed to demonstrate any benefit of hormone replacement therapy
(HRT) on the secondary prevention of coronary heart disease
(Hulley et al., 1998). These results highlight the need for properly-
designed, large-scale, randomized, controlled trials to determine
the clinical cardiovascular effects of medications altering
cardiovascular risk factors. The potential cardioprotective effects
of raloxifene are being tested in the Raloxifene Use for The Heart
(RUTH) trial (10 000 post-menopausal women). This
cardiovascular outcomes study will last 5–7.5 years and has as one
of its primary endpoints, combined coronary death and nonfatal
myocardial infarction (Barrett-Connor et al., 1998). Primary and
secondary prevention of other coronary events will also be
examined. In addition, the trial will assess the incidence of breast
cancer, osteoporotic fractures, venous thromboembolism, and
overall safety.

In contrast to its oestrogen agonist effects on bone and lipid
metabolism, raloxifene acts as an oestrogen antagonist in the
breast. Raloxifene administration is not associated with an
increased incidence of breast pain or tenderness (Davies et al.,
1999). More importantly, in the Multiple Outcomes of Raloxifene
(MORE) trial, which enrolled 7705 women (mean age, 66.5 years)
with osteoporosis and no history of breast cancer, a median of 40
months of raloxifene therapy decreased the incidence of all breast
cancer by 76% [relative risk (RR) 0.24, 95% confidence interval
(CI), 0.13, 0.44] (Cummings et al., 1999). This reduction was
largely due to a 90% reduction in the occurrence of oestrogen-
receptor positive tumours (RR 0.10, 95% CI 0.04, 0.24);
raloxifene had no significant effect on the frequency of oestrogen-
receptor negative tumours (RR 0.88, 95% CI 0.25, 3.0). Based on
these analyses, 126 women would need to be treated for a median
of 40 months to prevent one case of invasive breast cancer
(Cummings et al., 1999).

These data concerning the effects of raloxifene on breast cancer
risk may be even more compelling because women with low bone
density (required for enrolment in raloxifene trials) reportedly
have a decreased risk of breast cancer (Cauley et al., 1996). It is
important to note that the routine mammographic screening in the
raloxifene trials may have increased detection of breast cancer,
offsetting any decreased risk associated with low bone mass.
Because it may take years for a breast cancer to become clinically

or radiographically apparent, tumours diagnosed in the first 33–40
months of these trials possibly existed at the start of the trial. Thus,
the reduction in breast cancer risk observed with raloxifene could
represent suppression or regression of subclinical cancer
(Cummings et al., 1999).

While tamoxifen is the only therapy currently approved for the
reduction in risk of breast cancer in women at high risk for the
disease (Nolvadex®; Zeneca Pharmaceuticals, or as a generic
version; Barr Pharmaceuticals), the extent to which raloxifene
decreases the risk of breast cancer in post-menopausal women at
increased risk will be studied in a head-to-head comparison with
tamoxifen. The Study of Tamoxifen and Raloxifene (STAR),
sponsored by the National Cancer Institute, will enrol 22 000
healthy, post-menopausal women who are at increased risk for
breast cancer. The STAR trial, which is scheduled for completion
in 2005, will assess the effect of 5 years of therapy on the
occurrence of invasive breast cancer (primary endpoint) and on
non-invasive breast cancer and endometrial cancer (secondary
endpoints).

Because of the known uterine stimulatory effects of oestrogen
and triphenylethylene SERMs, uterine safety was carefully
monitored in all raloxifene clinical trials. As much as 3 years of
therapy with raloxifene did not increase endometrial thickness or
increase the incidence of vaginal bleeding, endometrial
hyperplasia or endometrial cancer (Huster et al., 1996; Delmas
et al., 1997; Scheele et al., 1997; Davies et al., 1998; Cummings
et al., 1999; Goldstein et al., 1999).

In clinical trials with doses of 30–600 mg/day, raloxifene was
generally well tolerated. The most common side-effects were hot
flushes and leg cramps. In an integrated analysis of five
randomized, placebo-controlled, raloxifene trials of healthy, post-
menopausal women (most were <60 years), women receiving
raloxifene had a significantly higher incidence of hot flushes
(25%) compared with those receiving placebo (18%) (Lu et al.,
1998; Davies et al., 1999). However, there was no therapy
difference for the reported severity of hot flushes or for
discontinuations due to hot flushes. After the first 6 months of
therapy, the increase of new-onset hot flushes was no longer
significant for raloxifene (Lu et al., 1998; Davies et al., 1999). The
relative risk of hot flushes during raloxifene administration was
not influenced by age, years post-menopause, prior HRT use, or
presence of hot flushes at entry (Lu et al., 1998). In the older
MORE cohort (mean age, 66.5 years), hot flushes were reported
less often overall (by 6.4 and 9.7% of the placebo and raloxifene
60 mg groups respectively) (Cummings et al., 1999), although the
therapy difference was still significant. Leg cramps associated
with raloxifene administration (5.5% for raloxifene 60 mg
compared with 1.9% for placebo, P < 0.05) were generally mild in
nature and did not result in any discontinuation from the study
(Davies et al., 1999). The leg cramps reported in clinical trials
appear to be idiopathic, as they were not related to mineral
imbalance, vascular insufficiency, or venous thrombosis. A rare,
but serious, side-effect associated with raloxifene is venous
thromboembolism, including deep vein thrombosis (DVT),
pulmonary embolism (PE), and retinal vein thrombosis. In
osteoporotic women, the relative risk of DVT and PE was 3.1
times higher for the raloxifene group compared with the placebo
group (95% CI 1.5, 6.2) (Cummings et al., 1999). This increased
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risk is similar to that observed for tamoxifen (Fisher et al., 1998)
and oestrogens in observational studies and controlled trials
(Castellsague et al., 1998; Hulley et al., 1998). The large-scale
study of raloxifene has focused on post-menopausal women, as
animal studies have highlighted the potential for teratogenic
effects (Buelke-Sam et al., 1998). There has been a single
pharmacological study reporting acute effects in premenopausal
women (Baker et al., 1998). Until further data from clinical
studies is available, the use of raloxifene should be limited to post-
menopausal women.

Tamoxifen

Tamoxifen, which is marketed in the USA as Nolvadex® (Zeneca
Pharmaceuticals) or as a generic version (Barr Pharmaceuticals),
is approved as adjuvant therapy for the treatment of axillary node-
negative breast cancer in women irrespective of menopausal state
and node-positive breast cancer in post-menopausal women. It is
also effective in the treatment of metastatic breast cancer in
women and men. Recently, tamoxifen has been approved for the
reduction in risk of breast cancer in women at high risk. The anti-
tumour effect of tamoxifen in the breast involves its ability to
antagonize the proliferative action of oestrogen through
competitive binding to the oestrogen receptor. Conversely,
tamoxifen manifests oestrogen agonist activity in the skeleton,
uterus, and on a number of intermediate markers of cardiovascular
risk.

Tamoxifen is among the most widely used drugs in the field of
clinical oncology. Numerous clinical trials in women aged >50
years diagnosed with breast cancer have shown a benefit on
overall survival (Ragaz and Coldman, 1998). In women
undergoing surgery for node-negative breast cancer, 5 years of
tamoxifen therapy was associated with a significant prolongation
of disease-free survival as compared with placebo-treated women
(83 versus 77%) (Fisher et al., 1989). Tamoxifen reduced the rate
of treatment failure at local and distant sites, tumours in the
opposite breast, and the incidence of tumour recurrence after
lumpectomy and breast irradiation (Fisher et al., 1989). Before
1990, >37 000 women with operable breast cancer were enrolled
in 55 randomized clinical trials of adjuvant tamoxifen therapy.
The results of these studies were recently summarized in a meta-
analysis conducted by the Early Breast Cancer Trialists
Collaborative Group (Early Breast Cancer Trialists’ Collaborative
Group, 1998). Tamoxifen was associated with a significant
reduction in recurrence (26%) and death (14%), compared with
placebo after a median follow-up of 10 years. Women who had
oestrogen-receptor positive tumours and those treated for at least
5 years had substantially greater gains than did women with
oestrogen receptor-negative tumours or <5 years of therapy (Early
Breast Cancer Trialists’ Collaborative Group, 1998).

Tamoxifen has also been shown to be an effective therapy in the
treatment of metastatic breast cancer. Approximately 30% of
women with metastatic breast cancer who were treated with
tamoxifen had disease regression for an average of 12 months, and
in 20% the disease remained stable for at least 6 months (Osborne,
1998). Even for women who have a relapse of disease ≥6 months
after discontinuation of tamoxifen treatment, endocrine therapy
with tamoxifen is still the initial treatment of choice (Muss et al.,
1987).

The most recent meta-analysis of tamoxifen trials examined the
effect of duration of therapy on recurrence and death (Early Breast
Cancer Trialists’ Collaborative Group, 1998). In women with
oestrogen-receptor positive tumours, 5 years of adjuvant
tamoxifen therapy was found to be superior to 1 or 2 years (Early
Breast Cancer Trialists’ Collaborative Group, 1998). These
findings were confirmed in two clinical trials that compared the
duration of therapy directly (Swedish Breast Cancer Cooperative
Group, 1996; Current Trials Working Party of the Cancer
Research Campaign Breast Cancer Trials Group, 1996). Whether
tamoxifen therapy afforded further benefits when used for >5
years was studied in two North American trials (Fisher et al.,
1996; Tormey et al., 1996) and a Scottish trial (Stewart et al.,
1996). These studies demonstrated that tamoxifen therapy for >5
years was not associated with additional benefits in disease
control. Thus, these studies all support the use of adjuvant
tamoxifen for a 5 year period.

Since the antitumour activity of tamoxifen in breast cancer
patients is thought to be mediated primarily by competitive
inhibition of oestrogen binding to oestrogen receptors, the anti-
tumour benefits of tamoxifen are obtained primarily by women
whose tumours are oestrogen receptor-positive. The response rate
for women with oestrogen receptor-negative metastatic breast
cancer was only 8%, compared with a 50% response rate in
women with oestrogen receptor-positive tumours (Osborne et al.,
1980). Other trials have reported inconsistent results. While the
first Early Breast Cancer Trialists meta-analysis found a small, but
statistically significant reduction (16%) in the recurrence of breast
cancer in women with oestrogen receptor-negative tumours, the
more recent meta-analysis did not (Early Breast Cancer Trialists’
Collaborative Group, 1992; Early Breast Cancer Trialists’
Collaborative Group, 1998). Thus, the efficacy of tamoxifen in
treating oestrogen receptor-negative tumours remains
controversial.

A number of clinical trials have indicated that tamoxifen
reduced the incidence of contralateral breast cancer in women
with invasive disease (Rutqvist et al., 1991; Early Breast Cancer
Trialists’ Collaborative Group, 1998). These findings provided
the rationale for studying whether tamoxifen was effective in
preventing breast cancer. In 1992, the National Surgical Adjuvant
Breast and Bowel Project (NASBP) implemented a randomized
clinical trial (NASBP P-1 trial) to evaluate the efficacy of
tamoxifen therapy in the prevention of breast cancer in women
who were considered at high risk (Fisher et al., 1998).
Approximately 13 000 women received placebo or tamoxifen 20
mg/day for 5 years. The study found that tamoxifen reduced the
risk of both invasive (RR 0.51, CI 0.39–0.66) and non-invasive
breast cancer (RR 0.50, 95% CI 0.33–0.77). The risk reduction
was due predominantly to a decrease in the number of oestrogen
receptor-positive tumours; tamoxifen had no effect on the
incidence of oestrogen receptor-negative tumours (Fisher et al.,
1998). Interestingly, two randomized European trials reported no
effect of tamoxifen in the reduction in risk of breast cancer
(Powles et al., 1994; Veronesi et al., 1998). However, a recent
technology assessment by the American Society of Clinical
Oncology supported a role for tamoxifen therapy in reducing the
risk of breast cancer (Chlebowski et al., 1999).
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The tamoxifen clinical trials involving patients diagnosed with
breast cancer are among some of the largest and longest ever done
(Table II) (Fisher et al., 1989; Early Breast Cancer Trialists’
Collaborative Group, 1998; Osborne, 1998). Thus, while
tamoxifen has been studied almost exclusively in breast cancer
patients, a number of important clinical observations have been
made regarding the effects of tamoxifen in tissues other than the
breast. For example, in a small study of post-menopausal women
with breast cancer, tamoxifen treatment was associated with
preservation of bone mineral density of the lumbar spine and a
suppressive effect on urinary markers of bone turnover during a 2
year treatment period (Love et al., 1992). These findings have
been supported by subsequent clinical trials (Ward et al., 1993;
Grey et al., 1995b; Resch et al., 1998). In the NASBP P-1 trial,
tamoxifen therapy was associated with non-significant decreases
in the incidence of hip, spine, and Colles’ fractures (Fisher et al.,
1998). Although a few observational and prospective studies have
suggested a beneficial effect of tamoxifen in the skeleton,
tamoxifen has not been evaluated prospectively in women with
osteoporosis. The effects of tamoxifen in bone remain to be
established.

Another area of tamoxifen effect that has received much
attention relates to cardiovascular disease. A number of
intermediate markers of cardiovascular risk are favourably
influenced by tamoxifen while others show little change.
Tamoxifen has been shown to reduce serum total and LDL
cholesterol while having no effects on HDL cholesterol and
triglycerides in both healthy, post-menopausal women (Grey
et al., 1995a; Guetta et al., 1995) and in post-menopausal women
with breast cancer (Love et al., 1994). Tamoxifen also lowers
serum concentrations of homocysteine (Cattaneo et al., 1998;
Anker et al., 1995). Clinical work relative to tamoxifen effects on
other intermediate markers of cardiovascular disease, such as
direct effect on blood vessels, are scant. One small clinical trial
showed no effect of tamoxifen on the pulsatility index of cerebral
arteries (Penotti et al., 1998). Several trials have examined the
effects of tamoxifen on clinical cardiovascular events, including
myocardial infarction and coronary artery-related deaths, although
not as primary prospective study endpoints (Table III) (McDonald
and Stewart, 1991; McDonald et al., 1995). In the Scottish Cancer
Trials Breast Group study, the relative risk for myocardial
infarction among patients treated with tamoxifen (maximum
duration of 14 years) compared with placebo was 0.29 (95% CI

Table II. Selected clinical trials (completed or ongoing) involving selective oestrogen receptor modulators (SERMs)

Trial No. of Participants

Tamoxifen

Early Breast Cancer Trialists Collaborative Group (meta-analysis) (Early Breast Cancer Trialists’
Collaborative Group, 1998)

7427

NSABP B-24 (Wolmark et al., 1998) 1804

NSABP P-1 (Fisher et al., 1998) 13 388

Italian breast cancer prevention trial (Veronesi et al., 1998) 5408

United Kingdom breast cancer prevention trial (Powles et al., 1994) 2471

Study of Tamoxifen and Raloxifene (STAR) 22 000 (target)

Toremifene

Metastatic breast cancer

United States trial (Hayes et al., 1995b) 648

Nordic trial (Pyrhonen et al., 1997) 415

Eastern European trial (Gershanovich et al., 1997) 463

Adjuvant therapy

Finnish trial (Holli, 1998) 1460 (target)

International Breast Cancer Study Group-Trial 12 (Holli, 1998) 1140 (target)

International Breast Cancer Study Group-Trial 14 (Holli, 1998) 840 (target)

Raloxifene

Osteoporosis prevention trial (Delmas et al., 1997) 601

Multiple Outcomes of Raloxifene (MORE) Trial (Ettinger et al., 1998; Cummings et al., 1999) 7705

Cardiovascular risk factors (Walsh et al., 1997) 390

Raloxifene Use for the Heart (RUTH) (Barrett-Connor et al., 1998) 10 000 (target)

Study of Tamoxifen and Raloxifene (STAR) 22 000 (target)
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0.12–0.66) for current users and 0.52 (95% CI 0.27–1.0) for ever
users (McDonald et al., 1995). The Stockholm randomized,
placebo-controlled trial of adjuvant tamoxifen showed a
statistically significant reduction in the incidence of hospital
admissions due to cardiac disease for tamoxifen-treated patients
(relative hazard 0.68, CI 0.48–0.97) (Rutqvist and Mattsson,
1993). The US-based NSABP B-14 trial found comparable
results, although the reduced rate of cardiovascular events did not
achieve statistical significance (Costantino et al., 1997). The
NASBP P-1 study is the first clinical trial of tamoxifen in which
cardiovascular mortality events were a prospective study
endpoint. No effect of tamoxifen was observed on the annual rate
of ischaemic heart disease events; however, the number of events
were small and the study was not adequately powered for this
endpoint (Fisher et al., 1998). In summary, a significant beneficial
effect of tamoxifen on cardiovascular outcomes is not supported
by currently available clinical evidence (Chlebowski et al., 1999).

One of the major controversies surrounding the use of
tamoxifen relates to its effects on the endometrium. Tamoxifen
administration has been associated with a number of benign
findings, including endometrial thickening, endometrial polyps,
and endometrial cystic atrophy (Barakat, 1998). While these
findings are clinically relevant, the most serious uterine condition
associated with tamoxifen use is endometrial cancer, which is
increased by 2–4-fold relative to placebo when evaluated in large,
randomized trials (Fisher et al., 1994; Early Breast Cancer
Trialists’ Collaborative Group, 1998). Uterine-related symptoms
observed during randomized trials of tamoxifen include vaginal
bleeding and leukorrhoea (Zeneca Pharmaceuticals, 1998).
Further discussions on the uterine effects of tamoxifen are
presented elsewhere in this issue.

The most common adverse effects of tamoxifen are menopausal
symptoms, including hot flushes and atrophic vaginitis. Vaginal
discharge and irregular menses are also reported at increased
incidence in tamoxifen-treated women. Retinopathy has been
reported in women taking high doses of tamoxifen (Kaiser-Kupfer
and Lippman, 1978). Less extensive retinal changes may
sometimes occur in some women on conventional doses of
tamoxifen, but vision-threatening ocular toxicity is very rarely
observed (Nayfield and Gorin, 1996; Gorin et al., 1998).
Tamoxifen has been associated with a slightly increased incidence

of cataracts (RR 1.14; 95% CI 1.01–1.29); women on tamoxifen
were 57% more likely to undergo cataract surgery, compared with
those who received placebo (Fisher et al., 1998). Tamoxifen
increases the risk of thromboembolic events (Saphner et al.,
1991). In the NASBP P-1 trial, the incidence of deep vein
thrombosis was increased for women on tamoxifen (RR 1.6; 95%
CI 0.91–2.86) (Fisher et al., 1998). Pulmonary embolism also
appeared to occur more in the tamoxifen-treated group as
compared to the placebo-treated group (RR 3.01; 95% CI 1.15–
9.27) (Fisher et al., 1998). This risk is comparable in magnitude
with that seen for HRT/ERT (Daly et al., 1996). However, the
Stockholm Breast Cancer Study found no difference between the
tamoxifen and control groups in terms of hospital admissions due
to thromboembolic disease (Rutqvist and Mattsson, 1993).

Toremifene

Toremifene (Fareston®; Schering) is indicated for the treatment of
breast cancer in post-menopausal women with oestrogen receptor-
positive tumours or tumours of unknown receptor status (Schering
Corporation, 1999). Like tamoxifen, the anti-tumour effect of
toremifene in the breast is primarily mediated through competitive
binding to the oestrogen receptor (Robinson and Jordan, 1989).

Toremifene has been compared with tamoxifen in three
prospective clinical trials of previously untreated post-
menopausal women with advanced breast cancer: the North
American, Eastern European, and Nordic phase III trials (Hayes
et al., 1995a; Gershanovich et al., 1997; Pyrhonen et al., 1997). In
the North American and Eastern European trials, toremifene (60
mg/day) was as effective as tamoxifen (20 or 40 mg/day) in the
treatment of advanced breast cancer (Hayes et al., 1995a;
Gershanovich et al., 1997). Both treatments were statistically
equivalent with respect to risk for disease progression, survival,
and response rate. The Nordic trial showed some difference in
response rate between the two treatments (toremifene 31.3%,
tamoxifen 37.3%), although the difference was not statistically
significant and occurred mainly in patients with ER-unknown
tumours (Pyrhonen et al., 1997). Phase III trials have not shown an
advantage of higher doses of toremifene (200 or 240 mg/day) over
standard doses of tamoxifen in these women (Gershanovich et al.,
1997).

Table III.TTamoxifen and cardiovascular heart disease (CHD)

No. of patients Study findings

Scottish Trial (McDonald et al., 1995; McDonald and
Stewart, 1991)

1312 Tamoxifen was associated with a decreased rate of fatal
myocardial infarction.

Scandinavian Trial (Rutqvist and Mattsson, 1993) 2365 Tamoxifen reduced the incidence of hospital admissions
due to cardiac disease.

NSABP B-14 (Costantino et al., 1997) 2553 Tamoxifen was associated with a decrease in the
average annual death rate from CHD.

NASBP P-1 (Fisher et al., 1998) 13 388 Tamoxifen had no effect on the average annual rate of
ischaemic heart disease.

Early Breast Cancer Trialists Collaborative Group
(Early Breast Cancer Trialists’ Collaborative Group,
1998)

36 689 Tamoxifen had no effect on death from cardiac or
vascular events.
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Several studies have evaluated the efficacy of toremifene as a
second-line therapy after tamoxifen for the treatment of advanced
breast cancer. In a phase II trial of toremifene (200 mg/day) in
women who had either: (i) failed to respond to tamoxifen; (ii)
relapsed after a prior tamoxifen response or (iii) relapsed during
adjuvant tamoxifen therapy, the objective response rate of
toremifene was only 5% (Vogel et al., 1993). In a double-blind
cross-over trial of toremifene (240 mg/day) and tamoxifen (40
mg/day), 44 patients were crossed-over to the opposite treatment
after disease progression (Stenbygaard et al., 1993). No responses
were observed after cross-over. These and other studies (Maenpaa
and Ala-Fossi, 1997) suggest that toremifene and tamoxifen are
clinically cross-resistant in patients with advanced breast cancer.

Since toremifene has been shown to be as effective as tamoxifen
in the treatment of metastatic breast cancer, several clinical trials
are currently evaluating its efficacy as an adjuvant therapy for
breast cancer. The Finnish Breast Cancer Group is comparing
toremifene (40 mg/day) with tamoxifen (20 mg/day) in post-
menopausal women with lymph node-positive breast cancer
disease (Holli, 1998). An interim analysis (mean follow-up of 18
months) indicated no differences between toremifene and
tamoxifen in terms of relapse rates (Holli, 1998). The
International Breast Cancer Study Group is also conducting two
adjuvant therapy studies of toremifene (60 mg/day) and tamoxifen
(20 mg/day) (Holli, 1998). The results of these studies have not
yet been published.

Several studies have explored additional properties of
toremifene, besides its effect in breast tissue. Toremifene
administration appears to have little impact on markers of bone
resorption in post-menopausal breast cancer patients and was even
associated with a slight trend toward a fall in bone mineral density
(Marttunen et al., 1998). Thus, the preliminary data on skeletal
metabolism suggest that toremifene does not have important
skeletal antiresorptive effects.

The effects of toremifene and tamoxifen on intermediate
markers of cardiovascular risk were examined in small clinical
trials. At a daily dosage of 60 mg, toremifene reduced serum total
cholesterol, LDL cholesterol, and apolipoprotein B to an extent
comparable to tamoxifen. By contrast to the neutral effect of
tamoxifen on HDL cholesterol, toremifene increased HDL
cholesterol concentrations by >10% (Saarto et al., 1996). Another
study found comparable effects for toremifene on serum total and
LDL cholesterol, but failed to show an increase in HDL
cholesterol (Gylling et al., 1995). In summary, early studies
suggest that toremifene has effects on the lipid profile similar to
those of tamoxifen.

Little clinical evidence is available about the effects of
toremifene on the uterus and endometrium, especially in terms of
the risk for endometrial carcinoma or hyperplasia. The limited
published information suggests that toremifene and tamoxifen
have comparable stimulatory effects, but this will need to be
studied through appropriate clinical trials (Tomas et al., 1995).

The most common adverse events associated with toremifene
include hot flushes, vaginal discharge, and nausea (Gershanovich
et al., 1997; Maenpaa and Ala-Fossi, 1997). Dizziness, oedema,
vaginal bleeding, and vomiting have also been noted in small
percentages of women. In the trials that directly compared
toremifene and tamoxifen, there were no significant differences

between the two therapies in these adverse events. A rare event
associated with both toremifene and tamoxifen is the development
of reversible corneal opacification, which occurs with comparable
frequencies when standard doses are compared (Gershanovich
et al., 1997; Pyrhonen et al., 1997). However, high-dose
toremifene (200 mg/day) was associated with a higher incidence
of corneal opacification than was tamoxifen (Hayes et al., 1995b).
The incidence of venous thromboembolism is most likely
comparable with that described for tamoxifen, but the size of
clinical trials to date is too limited to draw a definite conclusion on
this issue (Gershanovich et al., 1997; Pyrhonen et al., 1997;
Buzdar and Hortobagyi, 1998). Ongoing and future studies should
establish the full clinical profile of toremifene.

Development of new SERMs

Other SERMs recently in clinical development include idoxifene
(SmithKline Beecham), droloxifene (Pfizer), CP 336,156 (Pfizer),
EM-800 (Schering Plough), GW 5638 (Glaxo Wellcome), MDW
103323 (Hoechst), TSE-424 (Wyeth Ayerst/AFP), and
LY353381·HCl (Eli Lilly and Company). Several of these
represent new chemical entities, such as benzopyrans and
naphthalenes, that appear to display SERM-like profiles. These
new compounds are being evaluated for a number of oestrogen-
related diseases, including post-menopausal osteoporosis,
hormone-dependent cancers, and cardiovascular disease. At
present, there is limited information on the clinical efficacy and
safety of these compounds.

Conclusions

Oestrogen receptor ligands have been in clinical use for ~40 years.
Some of these compounds were originally classified as ‘anti-
oestrogens’ based upon their activities in specific tissues.
Raloxifene was the first compound to be classified as a selective
oestrogen receptor modulator; other molecules, both older and
those more recently developed, have also demonstrated oestrogen
receptor-mediated, tissue-specific activity. By definition, SERMs
have oestrogen agonist activity in some tissues and oestrogen
antagonist activity in others, but the exact profile of effects varies
among SERMs. Thus, the potential clinical uses of these
compounds will depend largely on their specific tissue profiles.

Clomiphene continues to be a leading compound in the
management of infertility. At its clinically relevant site of action,
the hypothalamic–pituitary–gonadal axis, clomiphene is primarily
an oestrogen antagonist. Raloxifene is the first SERM to be
approved for the treatment and prevention of post-menopausal
osteoporosis. It is an effective agent for the prevention of vertebral
fractures in post-menopausal women with established
osteoporosis. The favourable effect of raloxifene on
cardiovascular risk factors suggests that it may have
cardioprotective effects. The efficacy of raloxifene to prevent
coronary artery disease will be determined in the currently
enrolling RUTH trial. Raloxifene reduced the incidence of breast
cancer in post-menopausal women with osteoporosis. The
recently initiated STAR trial will compare the beneficial effect of
raloxifene with tamoxifen in the reduction of risk of breast cancer
in women who are at high risk for developing the disease. Finally,
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raloxifene does not increase the risk of endometrial hyperplasia or
endometrial cancer in post-menopausal women. The overall
profile of raloxifene makes it a prime therapeutic agent for post-
menopausal women at risk of or suffering from osteoporosis.
Tamoxifen is one of the most effective agents for the treatment of
hormone-responsive breast cancer, and is currently the only drug
approved in the USA for the prevention of breast cancer in women
at high risk. A head-to-head comparison of raloxifene and
tamoxifen in the STAR trial will establish the relative efficacy and
safety of the compounds for this indication. The recent approval of
toremifene for the treatment of breast cancer further confirms the
usefulness of SERMs in the clinical setting. Large, randomized,
placebo-controlled, clinical trials have firmly established the
position of SERMs as therapeutic options in the management of a
variety of hormone-responsive diseases. The efficacy and safety
of these agents are presently being studied in clinical trials that
should clarify the longer-term risk/benefit balance of SERM
therapies.

Acknowledgements

Authors Siddhanti, Ciaccia, and Plouffe are employees of and
hold stock in Eli Lilly and Company. Author Goldstein received
research funding from Eli Lilly and Company. All authors
gratefully acknowledge Erin Walls for contributions to the writing
of this manuscript.

References

Adashi, E.Y. (1993) Clomiphene citrate: the case for a monoisomeric
preparation. Baillières Clin. Obstet. Gynaecol., 7, 331–347.

Adashi, E.Y. (1996) Ovulation induction: clomiphene citrate. In Adashi, E.Y.,
Rock, J.A. and Rosenwaks, Z. (eds), Reproductive Endocrinology,
Surgery, and Technology. 1st edn. J.B.Lippincott, Philadelphia, USA, pp.
1181–1206.

American College of Obstetricians and Gynecologists Committee on
Gynecologic Practice (1996) ACOG committee opinion. Tamoxifen and
endometrial cancer. Int. J. Gynaecol. Obstet., 53, 197–199.

Anker, G., Lonning, P.E., Ueland, P.M. et al. (1995) Plasma levels of the
atherogenic amino acid homocysteine in postmenopausal women with
breast cancer treated with tamoxifen. Int. J. Cancer, 60, 365–368.

Asch, R.H. and Greenblatt, R.B. (1976) Update on the safety and efficacy of
clomiphene citrate as a therapeutic agent. J. Reprod. Med., 17, 175–180.

Baker, V.L., Draper, M., Paul, S. et al. (1998) Reproductive endocrine and
endometrial effects of raloxifene hydrochloride, a selective estrogen
receptor modulator, in women with regular menstrual cycles. J. Clin.
Endocrinol. Metab., 83, 6–13.

Barakat, R.R. (1996) Tamoxifen and endometrial neoplasia. Clin. Obstet.
Gynecol., 39, 629–640.

Barakat, R.R. (1998) Tamoxifen and the endometrium. Cancer Treat.Res., 94,
195–207.

Barrett-Connor, E., Wenger, N.K., Grady, D. et al. (1998) Coronary heart
disease in women, randomized clinical trials, HERS and RUTH
[editorial]. Maturitas, 31, 1–7.

Beall, P.T., Misra, L.K., Young, R.L. et al. (1984) Clomiphene protects against
osteoporosis in the mature ovariectomized rat. Calcif. Tissue Int., 36, 123–
125.

Bjarnason, N.H., Delmas, P.D., Mitlak, B.H. et al. (1998) Raloxifene
maintains favourable effects on bone mineral density, bone turnover and
serum lipids without endometrial stimulation in postmenopausal women.
3-year study results. Osteopor. Int., 8 (Suppl. 3), 11.

Bjarnason, N.H., Haarbo, J., Byrjalsen, I. et al. (1997) Raloxifene inhibits
aortic accumulation of cholesterol in ovariectomized, cholesterol-fed
rabbits. Circulation, 96, 1964–1969.

Black, L.J., Sato, M., Rowley, E.R. et al. (1994) Raloxifene (LY139481 HCl)
prevents bone loss and reduces serum cholesterol without causing uterine
hypertrophy in ovariectomized rats. J. Clin. Invest., 93, 63–69.

Bryant, H.U., Glasebrook, A.L., Yang, N.N. and Sato, M. (1995) A
pharmacological review of raloxifene. J. Bone Miner. Metab., 14, 1–9.

Bryant, H.U., Kauffman, R.F., Iversen, P. et al. (1998) Comment on lack of
effect of raloxifene on coronary artery atherosclerosis of postmenopausal
monkeys. [Letter.]. J. Clin. Endocrinol. Metab., 83, 3001–3004.

Buelke-Sam, J., Bryant, H.U. and Francis, P.C. (1998) The selective estrogen
receptor modulator, raloxifene: an overview of nonclinical pharmacology
and reproductive and developmental testing. Reprod. Toxicol., 12, 217–
221.

Buzdar, A.U. and Hortobagyi, G.N. (1998) Tamoxifen and toremifene in
breast cancer: comparison of safety and efficacy. J. Clin. Oncol., 16, 348–
353.

Cano, A. and Hermengildo, C. (2000) The endometrial effects of SERMs.
Hum. Reprod. Update, 6, 244–254.

Capony, F. and Rochefort, H. (1978) High-affinity binding of the antiestrogen
[3H]tamoxifen to the 8S estradiol receptor. Mol. Cell. Endocrinol., 11,
181–198.

Castellsague, J., Perez Gutthann, S. and Garcia Rodriguez, L.A. (1998) Recent
epidemiological studies of the association between hormone replacement
therapy and venous thromboembolism. A review. Drug Safety, 18, 117–
123.

Cattaneo, M., Baglietto, L., Zighetti, M.L. et al. (1998) Tamoxifen reduces
plasma homocysteine levels in healthy women. Br. J. Cancer, 77, 2264–
2266.

Cauley, J.A., Lucas, F.L., Kuller, L.H. et al. (1996) Bone mineral density and
risk of breast cancer in older women: the study of osteoporotic fractures.
Study of Osteoporotic Fractures Research Group. J. Am. Med. Asooc.,
276, 1404–1408.

Chakraborty, P.K., Brown, J.L., Ruff, C.B. et al. (1991) Effects of long-term
treatment with estradiol or clomiphene citrate on bone maintenance, and
pituitary and uterine weights in ovariectomized rats. J. Steroid. Biochem.
Mol. Biol., 40, 725–729.

Chlebowski, R.T., Collyar, D.E., Somerfield, M.R. and Pfister, D.G. (1999)
American society of clinical oncology technology assessment on breast
cancer risk reduction strategies: tamoxifen and raloxifene. J. Clin. Oncol.,
17, 1939–1955.

Clarkson, T.B., Anthony, M.S. and Jerome, C.P. (1998) Lack of effect of
raloxifene on coronary artery atherosclerosis of postmenopausal monkeys.
J. Clin. Endocrinol. Metab., 83, 721–726.

Clemens, J.A., Bennett, D.R., Black, L.J. and Jones, C.D. (1983) Effects of a
new antiestrogen, keoxifene (LY156758), on growth of carcinogen-
induced mammary tumors and on LH and prolactin levels. Life. Sci., 32,
2869–2875.

Costantino, J.P., Kuller, L.H., Ives, D.G. et al. (1997) Coronary heart disease
mortality and adjuvant tamoxifen therapy. J. Natl Cancer. Inst., 89, 776–
782.

Cummings, S., Eckert, S., Krueger, K. et al. (1999) The effect of raloxifene on
risk of breast cancer in postmenopausal women. J. Am. Med. Assoc., 281,
2189–2197.

Current Trials Working Party of the Cancer Research Campaign Breast Cancer
Trials Group (1996) Preliminary results from the cancer research
campaign trial evaluating tamoxifen duration in women aged fifty years or
older with breast cancer. J. Natl Cancer. Inst., 88, 1834–1839. [Published
erratum appears in J. Natl Cancer Inst., 89, 590].

Daly, E., Vessey, M.P., Hawkins, M.M. et al. (1996) Risk of venous
thromboembolism in users of hormone replacement therapy. Lancet, 348,
977–980.

Davies, G.C., Huster, W.J., Shen, W. et al. (1998) Endometrial effects of
raloxifene assessed by bleeding rates, ultrasonography and biopsy.
Menopause, 5, 282.

Davies, G.C., Huster, W.J., Lu Y. et al. (1999) Adverse events reported by
postmenopausal women in controlled trials with raloxifene. Obstet.
Gynecol., 93, 558–565.

Delmas, P.D., Bjarnason, N.H., Mitlak, B.H. et al. (1997) Effects of raloxifene
on bone mineral density, serum cholesterol concentrations, and uterine
endometrium in postmenopausal women. N. Engl. J. Med., 337, 1641–
1647.

Derman, S.G. and Adashi, E.Y. (1994) Adverse effects of fertility drugs. Drug
Safety, 11, 408–421. [Published erratum appears in Drug Safety, 11, 208].

di Salle, E., Zaccheo, T. and Ornati, G. (1990) Antiestrogenic and antitumor
properties of the new triphenylethylene derivative toremifene in the rat. J.
Steroid. Biochem., 36, 203–206.

Dickey, R.P. and Holtkamp, D.E. (1996) Development, pharmacology and
clinical experience with clomiphene citrate. Hum. Reprod. Update, 2,
483–506.



222 S.R.Goldstein et al.

Díez, J.L.D. (2000) Skeletal action of SERMs. Hum. Reprod. Update, 6, 255–
258.

Early Breast Cancer Trialists’ Collaborative Group (1992) Systemic treatment
of early breast cancer by hormonal, cytotoxic, or immune therapy. 133
randomised trials involving 31, 000 recurrences and 24, 000 deaths among
75, 000 women. Lancet, 339, 1–15.

Early Breast Cancer Trialists’ Collaborative Group (1998) Tamoxifen for early
breast cancer: an overview of the randomised trials. Lancet, 351, 1451–
1467.

Ettinger, B., Black, D.M., Mitlak, B.H. et al. (1999) Reduction of vertebral
fracture risk in postmenopausal women with osteoporosis treated with
raloxifene: results from a 3-year randomized clinical trial. J. Am. Med.
Assoc., 282, 637–645.

Ettinger, B., Black, D., Cummings, S.R., et al. (1998) Raloxifene reduces the
risk of incident vertebral fractures: 24-month interim analyses.
Osteoporos. Int., 8 (Suppl 3), 11.

Evans, G.L., Bryant, H.U., Magee, D.E. and Turner, R.T. (1996) Raloxifene
inhibits bone turnover and prevents further cancellous bone loss in adult
ovariectomized rats with established osteopenia. Endocrinology, 137,
4139–4144.

Figtree, G.A., Lu, Y., Webb, C.M. et al. (1999) Raloxifene acutely relaxes
rabbit coronary arteries in vitro by an estrogen receptor-dependent and
nitric oxide-dependent mechanism. Circulation, 100, 1095–1101.

Fisher, B., Costantino, J., Redmond, C. et al. (1989) A randomized clinical
trial evaluating tamoxifen in the treatment of patients with node-negative
breast cancer who have estrogen-receptor-positive tumors. N. Engl J.
Med., 320, 479–484.

Fisher, B., Costantino, J.P., Redmond, C.K. et al. (1994) Endometrial cancer
in tamoxifen-treated breast cancer patients: findings from the National
Surgical Adjuvant Breast and Bowel Project (NSABP) B-14. J. Natl
Cancer Inst., 86, 527–537.

Fisher, B., Dignam, J., Bryant, J. et al. (1996) Five versus more than five years
of tamoxifen therapy for breast cancer patients with negative lymph nodes
and estrogen receptor-positive tumors. J. Natl Cancer Inst., 88, 1529–
1542.

Fisher, B., Costantino, J.P., Wickerham, D.L. et al. (1998) Tamoxifen for
prevention of breast cancer: report of the National Surgical Adjuvant
Breast and Bowel Project P-1 Study. J. Natl Cancer Inst., 90, 1371–1388.

Frolik, C.A., Bryant, H.U., Black, E.C. et al. (1996) Time-dependent changes
in biochemical bone markers and serum cholesterol in ovariectomized
rats: effects of raloxifene HCl, tamoxifen, estrogen, and alendronate.
Bone, 18, 621–627.

Gershanovich, M., Garin, A., Baltina, D. et al. (1997) A phase III comparison
of two toremifene doses to tamoxifen in postmenopausal women with
advanced breast cancer. Eastern European Study Group. Breast Cancer
Res. Treat., 45, 251–262.

Gershanovich, M., Hayes, D.F., Ellmen, J. and Vuorinen, J. (1997) High-dose
toremifene vs tamoxifen in postmenopausal advanced breast cancer.
Oncology, 11, 29–36.

Ginsburg, J. (1996) Drug Therapy in Reproductive Endocrinology. Arnold,
London, UK, pp. 276–277.

Glasebrook, A.L., Phillips, D.L. and Sluka, J.P. (1993) Multiple binding sites
for the antiestrogen raloxifene (LY156758). J. Bone Miner. Res., 8, S268.

Goldstein, S.R., Scheele, W.H., Rajagopalan, S.K. et al. (1999) A 12-month
comparative study of raloxifene, estrogen and placebo on the
postmenopausal endometrium. Obstet. Gynecol., in press.

Gorin, M.B., Day, R., Costantino, J.P. et al. (1998) Long-term tamoxifen
citrate use and potential ocular toxicity. Am. J. Ophthalmol., 125, 493–
501. [Published erratum appears in Am. J. Ophthalmol., 126, 338].

Gottardis, M.M., Robinson, S.P. and Jordan, V.C. (1988) Estradiol-stimulated
growth of MCF-7 tumors implanted in athymic mice: a model to study the
tumoristatic action of tamoxifen. J. Steroid. Biochem., 30, 311–314.

Greaves, P., Goonetilleke, R., Nunn, G. et al. (1993) Two-year carcinogenicity
study of tamoxifen in Alderley Park Wistar-derived rats. Cancer Res., 53,
3919–3924.

Greenblatt, R.B., Barfield, W.E., Jungck, E.C. and Ray, A.W. (1961)
Induction of ovulation with MRL/41. J. Am. Med. Assoc., 178, 101–104.

Grenman, R., Laine, K.M., Klemi, P.J. et al. (1991) Effects of the antiestrogen
toremifene on growth of the human mammary carcinoma cell line MCF-
7. J. Cancer Res. Clin. Oncol., 117, 223–226.

Grese, T.A., Sluka, J.P., Bryant, H.U. et al. (1997) Molecular determinants of
tissue selectivity in estrogen receptor modulators. Proc. Natl Acad. Sci.
USA, 94, 14105–14110.

Grey, A.B., Stapleton, J.P., Evans, M.C. and Reid, I.R. (1995a) The effect of
the anti-estrogen tamoxifen on cardiovascular risk factors in normal
postmenopausal women. J. Clin. Endocrinol. Metab., 80, 3191–3195.

Grey, A.B., Stapleton, J.P., Evans, M.C. et al. (1995b) The effect of the
antiestrogen tamoxifen on bone mineral density in normal late
postmenopausal women. Am. J. Med., 99, 636–641.

Guetta, V., Lush, R.M., Figg, W.D. et al. (1995) Effects of the antiestrogen
tamoxifen on low-density lipoprotein concentrations and oxidation in
postmenopausal women. Am. J. Cardiol., 76, 1072–1073.

Gylling, H., Pyrhonen, S., Mantyla, E. et al. (1995) Tamoxifen and toremifene
lower serum cholesterol by inhibition of delta 8-cholesterol conversion to
lathosterol in women with breast cancer. J. Clin. Oncol., 13, 2900–2905.

Hard, G.C., Iatropoulos, M.J., Jordan, K. et al. (1993) Major difference in the
hepatocarcinogenicity and DNA adduct forming ability between
toremifene and tamoxifen in female Crl:CD(BR) rats. Cancer Res., 53,
4534–4541.

Hayes, D.F., Van Zyl, J.A., Hacking, A. et al. (1995a) Randomized
comparison of tamoxifen and two separate doses of toremifene in
postmenopausal patients with metastatic breast cancer. J. Clin. Oncol., 13,
2556–2566.

Hayes, D.F., Van Zyl, J.A., Hacking, A. et al. (1995b) Randomized
comparison of tamoxifen and two separate doses of toremifene in
postmenopausal patients with metastatic breast cancer. J. Clin. Oncol., 13,
2556–2566.

Holli, K. (1998) Adjuvant trials of toremifene vs tamoxifen: the European
experience. Oncology (Huntingt.), 12 (Suppl. 5), 23–27.

Hulley, S., Grady, D., Bush, T. et al. (1998) Randomized trial of estrogen plus
progestin for secondary prevention of coronary heart disease in
postmenopausal women. Heart and Estrogen/progestin Replacement
Study (HERS) Research Group. J. Am. Med. Assoc., 280, 605–613.

Huster, W.J., Boss, S.M., Glant, M. et al. (1996) Raloxifene does not cause
endometrial proliferation in postmenopausal women. [Abstr.] J. Soc.
Gynecol. Invest., 3, 142A.

Jimenez, M.A., Magee, D.E., Bryant, H.U. and Turner, R.T. (1997)
Clomiphene prevents cancellous bone loss from tibia of ovariectomized
rats. Endocrinology, 138, 1794–1800.

Jones, G.S. and De Moraes-Ruehsen, M. (1965) Induction of ovulation with
human gonadotropins and with clomiphene. Fertil. Steril., 16, 461–484.

Jordan, V.C. (1997) The origin of antiestrogens. In Lindsay, R., Dempster,
D.W. and Jordan, V.C. (eds), Estrogens and Antiestrogens: Basic and
Clinical Aspects. 1st edn. Lippincott–Raven, Philadelphia, USA, pp. 9–
20.

Kaiser-Kupfer, M.I. and Lippman, M.E. (1978) Tamoxifen retinopathy.
Cancer Treat. Rep., 62, 315–320.

Kallio, S., Kangas, L., Blanco, G. et al. (1986) A new triphenylethylene
compound, Fc-1157a. I. Hormonal effects. Cancer Chemother.
Pharmacol., 17, 103–108.

Kalu, D.N., Salerno, E., Liu, C.C. et al. (1991) A comparative study of the
actions of tamoxifen, estrogen and progesterone in the ovariectomized rat.
J. Bone Miner. Res., 15, 109–123.

Karlsson, S., Hirsimaki, Y., Mantyla, E. et al. (1996) A two-year dietary
carcinogenicity study of the antiestrogen toremifene in Sprague-Dawley
rats. Drug Chem. Toxicol., 19, 245–266.

Karlsson, S., Mantyla, E., Hirsimaki, Y. et al. (1999) The effect of toremifene
on bone and uterine histology and on bone resorption in ovariectomised
rats. Pharmacol. Toxicol., 84, 72–80.

Lawton, A.W. (1994) Optic neuropathy associated with clomiphene citrate
therapy. Fertil. Steril., 61, 390–391.

Li, D., Dragan, Y., Jordan, V.C. et al. (1997) Effects of chronic administration
of tamoxifen and toremifene on DNA adducts in rat liver, kidney, and
uterus. Cancer Res., 57, 438–1441.

Lilly Research Laboratories (1999) Evista (raloxifene). In Physician’s Desk
Reference. 53rd edn. Medical Economics Company, Montvale, NJ, USA,
pp. 1576–1579.

Love, R.R., Mazess, R.B., Barden, H.S. et al. (1992) Effects of tamoxifen on
bone mineral density in postmenopausal women with breast cancer. N.
Engl J. Med., 326, 852–856.

Love, R.R., Wiebe, D.A., Feyzi, J.M. et al. (1994) Effects of tamoxifen on
cardiovascular risk factors in postmenopausal women after 5 years of
treatment. J. Natl Cancer Inst., 86, 1534–1539.

Lu, Y., Cohen, F. and Lakshmanan, M. (1998) Characterization of hot flashes
during raloxifene therapy: analyses of adverse event reports from an
integrated placebo-controlled clinical trial database. Menopause, 5, 282.

Maenpaa, J.U. and Ala-Fossi, S.L. (1997) Toremifene in postmenopausal
breast cancer. Efficacy, safety and cost. Drugs Aging, 11, 261–270.



SERMs: a pharmacological review 223

Magee, D.E., Evans, G., Sato, M. et al. (1996) Raloxifene (LY139481 HCl)
does not antagonize the effects of estrogen on bone. J. Bone Miner. Res.,
11 (Suppl. 1), S446.

Marttunen, M.B., Hietanen, P., Tiitinen, A. and Ylikorkala, O. (1998)
Comparison of effects of tamoxifen and toremifene on bone biochemistry
and bone mineral density in postmenopausal breast cancer patients. J.
Clin. Endocrinol. Metab., 83, 1158–1162.

McDonald, C.C. and Stewart, H.J. (1991) Fatal myocardial infarction in the
Scottish adjuvant tamoxifen trial. The Scottish Breast Cancer Committee.
Br. Med. J., 303, 435–437.

McDonald, C.C., Alexander, F.E., Whyte, B.W. et al. (1995) Cardiac and
vascular morbidity in women receiving adjuvant tamoxifen for breast
cancer in a randomised trial. The Scottish Cancer Trials Breast Group. Br.
Med. J., 311, 977–980.

McDonnell, D.P. (1998) Definition of the molecular mechanism of action of
tissue-selective oestrogen-receptor modulators. Biochem. Soc. Trans., 26,
54–60.

Mijatovic, V., Netelenbos, C., van der Mooren, M.J. et al. (1998) Randomized,
double-blind, placebo-controlled study of the effects of raloxifene and
conjugated equine estrogen on plasma homocysteine levels in healthy
postmenopausal women. Fert. Steril., 70, 1085–1089.

Muss, H.B., Smith, L.R. and Cooper, M.R. (1987) Tamoxifen rechallenge:
response to tamoxifen following relapse after adjuvant chemohormonal
therapy for breast cancer. J. Clin. Oncol., 5, 1556–1558.

Nayfield, S.G. and Gorin, M.B. (1996) Tamoxifen-associated eye disease. A
review. J. Clin. Oncol., 14, 1018–1026.

Nolvadex (tamoxifen citrate) Package Insert. Zeneca Pharmaceuticals,
Wilmington, DE, USA.

Osborne, C.K. (1998) Tamoxifen in the treatment of breast cancer. N. Engl J.
Med., 339, 1609–1618.

Osborne, C.K., Yochmowitz, M.G., Knight, W.A. III and McGuire, W.L.
(1980) The value of estrogen and progesterone receptors in the treatment
of breast cancer. Cancer, 46 (12 Suppl), 2884–2888.

Paech K., Webb P., Kuiper G.G. et al. (1997) Differential ligand activation of
estrogen receptors Eα and ERβ at AP1 sites. Science, 277, 1508–1510.

Paul, S., Dean, R.A., Tracy, R.P. et al. (1998) Effects of raloxifene and
hormone replacement therapy on homocysteine and C-reactive protein
levels in postmenopausal women. Circulation, 98 (Suppl. 17), I-7.

Penotti, M., Sironi, L., Miglierina, L. et al. (1998) The effect of tamoxifen and
transdermal 17β-estradiol on cerebral arterial vessels: a randomized
controlled study. Am. J. Obstet. Gynecol., 178, 801–805.

Powles, T.J., Jones, A.L., Ashley, S.E. et al. (1994) The Royal Marsden
Hospital pilot tamoxifen chemoprevention trial. Breast Cancer Res.
Treat., 31, 73–82.

Purvin, V.A. (1995) Visual disturbance secondary to clomiphene citrate. Arch.
Ophthalmol., 113, 482–484.

Pyrhonen, S., Valavaara, R., Modig, H. et al. (1997) Comparison of toremifene
and tamoxifen in postmenopausal patients with advanced breast cancer: a
randomized double-blind, the ‘Nordic’ phase III study. Br. J. Cancer, 76,
270–277.

Ragaz, J. and Coldman, A. (1998) Survival impact of adjuvant tamoxifen on
competing causes of mortality in breast cancer survivors, with analysis of
mortality from contralateral breast cancer, cardiovascular events,
endometrial cancer, and thromboembolic episodes. J. Clin. Oncol., 16,
2018–2024.

Resch, A., Biber, E., Seifert, M. and Resch, H. (1998) Evidence that tamoxifen
preserves bone density in late postmenopausal women with breast cancer.
Acta Oncol., 37, 661–664.

Robinson, S.P. and Jordan, V.C. (1989) Antiestrogenic action of toremifene on
hormone-dependent, -independent, and heterogeneous breast tumor
growth in the athymic mouse. Cancer Res., 49, 1758–1762.

Rutqvist, L.E. and Mattsson, A. (1993) Cardiac and thromboembolic
morbidity among postmenopausal women with early-stage breast cancer
in a randomized trial of adjuvant tamoxifen. The Stockholm Breast Cancer
Study Group. J. Natl Cancer Inst., 85, 1398–1406.

Rutqvist, L.E., Cedermark, B., Glas, U. et al. (1991) Contralateral primary
tumors in breast cancer patients in a randomized trial of adjuvant
tamoxifen therapy. J. Natl Cancer Inst., 83, 1299–1306.

Saarto, T., Blomqvist, C., Ehnholm, C. et al. (1996) Antiatherogenic effects of
adjuvant antiestrogens: a randomized trial comparing the effects of
tamoxifen and toremifene on plasma lipid levels in postmenopausal
women with node-positive breast cancer. J. Clin. Oncol., 14, 429–433.

Saphner, T., Tormey, D.C. and Gray, R. (1991) Venous and arterial thrombosis
in patients who received adjuvant therapy for breast cancer. J. Clin.
Oncol., 9, 286–294.

Sato, M., Glasebrook, A.L. and Bryant, H.U. (1994a) Raloxifene: a selective
estrogen receptor modulator. J. Bone Miner. Metab., 12, S9-S20.

Sato, M., Kim, J., Short, L.L. et al. (1995) Longitudinal and cross-sectional
analysis of raloxifene effects on tibiae from ovariectomized aged rats. J.
Pharmacol. Exp. Ther., 272, 1252–1259.

Sato, M., McClintock, C., Kim, J. et al. (1994b) Dual-energy x-ray
absorptiometry of raloxifene effects on the lumbar vertebrae and femora
of ovariectomized rats. J. Bone Miner. Res., 9, 715–724.

Sato, M., Rippy, M.K. and Bryant, H.U. (1996) Raloxifene, tamoxifen,
nafoxidine, or estrogen effects on reproductive and nonreproductive
tissues in ovariectomized rats. FASEB J., 10, 905–912.

Scheele, W.H., Symanowski, S.M., Neale, S. et al. (1997) Raloxifene does not
cause stimulatory effects on the uterus in healthy postmenopausal women.
The Endocrine Society 79th Annual Meeting Program. Endocrine Society
Press, Bethesda, USA, p. 498.

Schering Corporation (1999) Fareston (toremifine). In Physician’s Desk
Reference, 53rd ed. Medical Economics Company, Montvale, NJ, USA,
pp. 2842–2843.

Stenbygaard, L.E., Herrstedt, J., Thomsen, J.F. et al. (1993) Toremifene and
tamoxifen in advanced breast cancer—a double-blind cross-over trial.
Breast Cancer Res. Treat., 25, 57–63.

Stewart, H.J., Forrest, A.P., Everington, D. et al. (1996) Randomized
comparison of 5 years of adjuvant tamoxifen with continuous therapy for
operable breast cancer. The Scottish Cancer Trials Breast Group. Br. J.
Cancer, 74, 297–299.

Stewart, P.J. and Stern, P.H. (1986) Effects of the antiestrogens tamoxifen and
clomiphene on bone resorption in vitro. Endocrinology, 118, 125–131.

Swedish Breast Cancer Cooperative Group (1996) Randomized trial of two
versus five years of adjuvant tamoxifen for postmenopausal early stage
breast cancer. J. Natl Cancer Inst., 88, 1543–1549.

Tarlatzis, B.C. and Grimbizis, G. (1998) Future use of clomiphene in ovarian
stimulation. Will clomiphene persist in the 21st century? Hum. Reprod.,
13, 2356–2358.

Tomas, E., Kauppila, A., Blanco, G. et al. (1995) Comparison between the
effects of tamoxifen and toremifene on the uterus in postmenopausal
breast cancer patients. Gynecol. Oncol., 59, 261–266.

Tormey, D.C., Gray, R. and Falkson, H.C. (1996) Postchemotherapy adjuvant
tamoxifen therapy beyond five years in patients with lymph node-positive
breast cancer. Eastern Cooperative Oncology Group. J. Natl Cancer Inst.,
88, 1828–1833.

Turken, S., Siris, E., Seldin, D. et al. (1989) Effects of tamoxifen on spinal
bone density in women with breast cancer. J. Natl Cancer Inst., 81, 1086–
1088.

Turner, R.T., Evans, G.L., Sluka, J.P. et al. (1998) Differential responses of
estrogen target tissues in rats including bone to clomiphene,
enclomiphene, and zuclomiphene. Endocrinology, 139, 3712–3720.

Turner, C.H., Sato, M. and Bryant, H.U. (1994) Raloxifene preserves bone
strength and bone mass in ovariectomized rats. Endocrinology, 135,
2001–2005.

Veronesi, U., Maisonneuve, P., Costa, A. et al. (1998) Prevention of breast
cancer with tamoxifen: preliminary findings from the Italian randomised
trial among hysterectomised women. Italian Tamoxifen Prevention Study.
Lancet, 352, 93–97.

Vogel, C.L., Shemano, I., Schoenfelder, J. et al. (1993) Multicenter phase II
efficacy trial of toremifene in tamoxifen-refractory patients with advanced
breast cancer. J. Clin. Oncol., 11, 345–350.

Wakeling, A.E. and Valcaccia, B. (1983) Antioestrogenic and antitumour
activities of a series of non-steroidal antioestrogens. J. Endocrinol., 99,
455–464.

Wakeling, A.E., O’Connor, K.M. and Newboult, E. (1983) Comparison of the
biological effects of tamoxifen and a new antioestrogen (LY 117018) on
the immature rat uterus. J. Endocrinol., 99, 447–453.

Wakeling, A.E., Valcaccia, B., Newboult, E. and Green, L.R. (1984) Non-
steroidal antioestrogens – receptor binding and biological response in rat
uterus, rat mammary carcinoma and human breast cancer cells. J. Steroid
Biochem., 20, 111–120.

Walsh, B.W., Kuller, L.H., Wild, R.A. et al. (1997) The effect of raloxifene on
markers of cardiovascular risk in healthy, post-menopausal women.
Atherosclerosis, 134, 182.

Walsh, B.W., Kuller, L.H., Wild, R.A. et al. (1998) Effects of raloxifene on
serum lipids and coagulation factors in healthy postmenopausal women. J.
Am. Med. Assoc., 279, 1445–1451.

Ward, R.L., Morgan, G., Dalley, D. and Kelly, P.J. (1993) Tamoxifen reduces
bone turnover and prevents lumbar spine and proximal femoral bone loss
in early postmenopausal women. J. Bone Miner. Res., 22, 87–94.



224 S.R.Goldstein et al.

Williams, J.K., Wagner, J.D., Li, Z. et al. (1997) Tamoxifen inhibits arterial
accumulation of LDL degradation products and progression of coronary
artery atherosclerosis in monkeys. Arterioscler. Thromb. Vasc. Biol., 17,
403–408.

Wolmark, N., Dignam, J. and Fisher, B. (1998) The addition of tamoxifen to
lumpectomy and radiotherapy in the treatment of ductal carcinoma in situ
(DCIS): preliminary results of NSABP Protocol B-24. Breast Cancer Res.
Treat., 21, 227.

Young, R.L., Goldzieher, J.W., Chakraborty, P.K. et al. (1991) Qualitative
differences in estrogenic/antiestrogenic effects of clomiphene and
zuclomiphene. Int. J. Fertil., 36, 291–295.

Young, R.L., Goldzieher, J.W., Elkind-Hirsch, K. et al. (1991) A short-term
comparison of the effects of clomiphene citrate and conjugated equine
estrogen in menopausal/castrate women. Int. J. Fertil., 36, 167–171.

Zeneca Pharmaceuticals (1998) Nolvadex (tamoxifen citrate). In Physician’s
Desk Reference. 52nd edn. Medical Economics Company, Montvale, NJ,
USA, pp. 3175–3177.

Zuckerman, S.H. and Bryan, N. (1996) Inhibition of LDL oxidation and
myeloperoxidase dependent tyrosyl radical formation by the selective
estrogen receptor modulator raloxifene (LY139481 HCl). Atherosclerosis,
126, 65–75.

Received on September 27, 1999; accepted on March 6, 2000


