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combination of radiotherapy and this compound
showed a cytotoxic effect in 87% of an ER-sensitive
human breast tumour in nude mice. Clinical studies
with these new compounds will help to elucidate if these
preclinical effects translate to the desired efficacy in
postmenopausal women. The clinical success of cur-
rently available SERMs like tamoxifen, toremifene and
raloxifene has set the stage for a variety of drug thera-
pies based on the selective modulation of nuclear
receptor activity [7].
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Oestrogens are clearly implicated in the pathogenesis
of breast cancer. These hormones are known as potent
mammary mitogen substances and are the major stimu-
lus for the growth of hormone-dependent tumours.
Endocrine therapy is an active treatment option and in
contrast to chemotherapy is effective through selective
mechanisms.

1. Receptor and mechanism

Oestrogens and progestins show their cellular effects
through the binding and activation of specific nuclear
receptors, the oestrogen-receptor (ER) and the proges-
terone-receptor (PR). Since the original cloning of
cDNAs for these receptors, substantial data in the field
of steroid hormone action has been obtained.

Molecular studies have shown two different binding
sites of the ER protein. At the amino end (TAF1) and
at the carboxyl end (TAF2) of the molecule there
are independent domains of transcriptional activity.
Depending on the relative strength of TAF1 and TAF2
selective oestrogen receptor modulators (SERMs) act as
an agonist or as an antagonist. They typically bind to
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the ER and activate it by forming receptor dimers. The
SERM-ER complex binds itself to the DNA binding
sites. There are significantly different tissue distributions
of the ER leading to different effects of SERMS in dif-
ferent organs.

2. SERMs

SERMs are a new category of therapeutic agents,
which bind with high affinity to ERs and mimic the
effect of oestrogens in some tissues, but act as oestrogen
antagonists in others.

2.1. Tamoxifen

Tamoxifen is a triphenylethylene derivative. As a
potent anti-oestrogen compound it has shown its benefit
in the adjuvant setting as well as in the treatment of
advanced breast cancer. It has oestrogen-like activity on
bone metabolism, as well as cholesterol reduction and a
reduction in myocardial morbidity. Analysis after 5
years supports the maintenance of decreased low-den-
sity lipoprotein (LDL) and total cholesterol. Further-
more, tamoxifen lowers the risk of contralateral breast
cancer by 36%. Tamoxifen has been implicated in the
development of endometrial tumours in patients.
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2.2. Toremifene

Toremifene is structurally close to tamoxifen. No
cases of endometrial cancer have been reported in the
marketed use of this compound. Several studies per-
formed in the US and Europe demonstrated at least
equivalent response rates compared with tamoxifen in
postmenopausal patients with metastatic breast cancer
and positive oestrogen receptor status. Toremifene ver-
sus tamoxifen is now investigated for the adjuvant set-
ting in postmenopausal patients with positive lymph
nodes in Finland. Interim analysis showed toremifene to
be at least effective and safe as tamoxifen with less vas-
cular complications.

2.3. Raloxifene

The 2-arylbenzothiophene raloxifene is a SERM
which is approved for the prevention and treatment of
postmenopausal osteoporosis. Raloxifene is a potent
inhibitor of the loss in volumetric bone mineral density
and has minimal effects on the endometrium. It was
recently approved by the Food and Drug Administra-
tion (FDA) for the prevention of osteoporosis in post-
menopausal women. Raloxifene therapy reduced the
incidence of all new breast cancers by 54% compared
with placebo, at a median follow-up of 33 months
according to the results of a meta-analysis. This meta-
analysis looked at data from nine trials (including
MORE) conducted in over 10000 women. Available
data showed no significant differences between ralox-
ifene and placebo in the incidence of endometrial
cancer. The most common side-effects were hot flushes,
leg cramps venous thromboembolic events.

2.4. Tibolone
Tibolone reduces vasomotor symptoms such as hot

flushes and offers benefit with regard to osteoporosis. A
significant reduction in high-density lipoprotein (HDL)

cholesterol was observed. Tibolone has favourable
effects on the fibrinolytic system which may counter-
balance the effect on lipoproteins with respect of cardi-
ovascular morbidity. The steroid acts on endometrial
tissue as a progestogenic compound.

3. New drugs
3.1. Idoxifene

Idoxifene, a triphenylethylene is currently in phase III
testing for osteoporosis prevention and in phase II trials
for breast cancer treatment. Idoxifene reduces sig-
nificantly bone resorption by as much as 25% compared
with placebo. The compound also reduces LDL-lipo-
proteins and lowers serum fibrinogen.

3.2. LY-353381

LY-353381 is a recently developed analogue of ralox-
ifene, which has shown higher antagonistic effects com-
pared with tamoxifen and raloxifene. This compound
shows oestrogenic agonist activity in bone and cardio-
vascular tissues without uterotopic activity in animal
models.

3.3. GW-5638

GW-5638 is a newly developed SERM that shows
oestrogen-like activities in bone and vascular system with
minimal uterotopic activity. In tumour cell lines (MCF-7)
this compound has shown comparable effects to tamox-
ifen in its ability to inhibit the growth of tumour cells.

3.4. Miproxifene (TAT-59)
Miproxifene (TAT-59) has shown anti-oestrogen

activity in vivo and in vitro but effects on other hormo-
nal sensitive tissues have not been investigated.



