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Abstract In general, the selective estrogen receptor modulators (SERMs) currently in-

dicated for the treatment and prevention of breast cancer, i.e. tamoxifen and
toremifene, are fairly well tolerated. However, tamoxifen has been shown to
induce hepatocellular carcinomas in rats, but not in humans, and can increase the
risk of endometrial cancer in humans by two to three times. Other potentially
serious adverse effects which have been associated with tamoxifen and tor-
emifene therapy include vasomotor symptoms, an increased risk of venous throm-
boembolic events, and an increased incidence of cataracts and ocular toxicity,
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fatty liver, and nonmalignant hepatic and uterine changes. In addition, long term
tamoxifen use almost always results in resistance to the drug and, indeed, has
actually been shown to promote tumour proliferation in human breast cancer
cells. Both tamoxifen and toremifene display drug interactions with a variety of
drug classes.

The adverse events associated with these compounds have raised significant
concerns regarding their widespread use for the treatment and prevention of breast
cancer. In addition, because of the weakness and scarcity of the data on toremi-
fene, any conclusions about its tolerability remain tentative until outcomes of
ongoing clinical trials in the adjuvant setting are known. A third SERM,
raloxifene, is the focus of several large randomised trials examining its efficacy
in the prevention of breast cancer. At present, each potential adverse event needs
to be weighed against potential benefits in the decision to undergo SERM treat-
ment. An array of therapies is currently available for patients with breast cancer
and women at increased risk of disease; the risk-to-benefit ratio for each agent

should be carefully examined in determining the most advantageous regimen.

Breast cancer is the most common nondermato-
logical cancer in women and the second leading
cause of cancer-related deaths among women in the
US.M An association between ovarian hormones
and breast cancer was first suggested in the 1890s
when Beatson showed that oophorectomy could lead
to tumour regression in women with metastatic breast
cancer.l?! The link between hormones and neopla-
sia was substantiated in the mid-1960s by the de-
scription of the estrogen receptor (ER).! Estrogens
are capable of promoting tumour growth via the
stimulatory action of ligand-dependent nuclear
ERs.!¥ Consequently, endocrine therapies designed
to block the effects of estrogen on mammary tum-
ours have been developed and, at present, are the ma-
jor treatment modalities for breast cancer manage-
ment.

A class of synthetic nonsteroidal compounds that
act through ERs has been developed for the treat-
ment of estrogen-associated diseases. Originally
called antiestrogens because of their ability to anta-
gonise estrogen,-%1 many of these compounds de-
monstrate tissue-specific estrogenic or antiestro-
genic responses.[”] This class of compounds is now
referred to as selective estrogen receptor modula-
tors (SERMs).[8 Because of their unique pharma-
cologic properties, SERMs can achieve the benefi-
cial effects of estrogens (i.e. demonstrate estrogen
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agonist activity) in nonmammary tissues such as
bone, but have an estrogen antagonistic effect in
breast tissue.

The subject of this paper is the tolerability of the
SERMs tamoxifen and toremifene, which are cur-
rently indicated for the treatment and prevention of
breast cancer. The paper discusses the carcinogenic
and noncarcinogenic adverse effects which have
been associated with tamoxifen and toremifene
therapy, as well as potential drug interactions, and
briefly reviews alternative therapies.

1. Selective Estrogen Receptor
Modulators (SERMs) Used to Treat
and Prevent Breast Cancer

1.1 Overview of the Mechanism of Action
of SERMs

Elucidating the mechanisms for the site-specific
action of SERMs remains a subject of ongoing re-
search. Recent advances in the understanding of
the ER, its subtypes ERco. or ERB,°! and its struc-
tural characteristics!'% have provided deeper in-
sight into the complex pharmacodynamics of SERM
action.l'l-121 It now appears that the biocharacter of
a given SERM, which can range from acting as a
full estrogen agonist to acting as a full estrogen
antagonist, is determined by its chemical structure,
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the ER isoform it binds to, and the set of coactiv-
ator or corepressor molecules that interacts with
the ligand-ER complex and results in unique struc-
tural perturbations.['213] The final tertiary struc-
ture of the SERM-ER complex dictates whether
transcription will occur at a particular promoter.

1.2 Tamoxifen

The most widely prescribed SERM is tamoxifen
citrate, a derivative of triphenylethylene that demon-
strates antiestrogenic properties in breast tissue
and estrogenic properties in bone and uterus.!”-14
Although tamoxifen also has an estrogenic effect
on lipids and lipoproteins,!7-1415] tamoxifen did not
reduce cardiovascular events in a recent clinical
trial.l'® Tamoxifen binds to the ER with an affinity
approximately 20 times lower than that of 173-
estradiol.['”l Due to its stimulatory effects on the
uterus, tamoxifen is classified as a first-generation
SERM. 8]

Tamoxifen has been used in the treatment of breast
cancer for several decades and has proven efficaci-
ous for both early stage and advanced tumours.!19:20]
The Early Breast Cancer Trialists’ Collaborative
Group analysed 55 separate randomised trials of
tamoxifen prior to 1990, which included more than
37 000 women. 2! In their 1998 overview, the group
found that tamoxifen treatment for up to 5 years sig-
nificantly decreased cancer recurrence in women
with ER-positive tumours. Health organisations cur-
rently recommend a 5-year regimen of oral tamox-
ifen at 20 mg/day for women with ER-positive tu-
mours.2!

Tamoxifen has also been shown to reduce the
risk of breast cancer. In a large placebo-controlled
trial conducted in the US, the National Surgical
Adjuvant Breast and Bowel Project (NSABP)-P1
trial studied tamoxifen (20 mg/day) treatment in 13
388 women at high risk for developing breast can-
cer. Tamoxifen was found to reduce the risk of in-
vasive and non-invasive breast cancers in all age
groups by nearly 50% and to reduce the incidence
of ER-positive breast cancerrisk by 69%./22) Based
on the NSABP data, tamoxifen was approved by
the US Food and Drug Administration (FDA) in
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October 1998 for use in breast cancer preven-
tion.[?3! In contrast, two European trials published
the same year as the FDA approval did not observe
a chemoprotective effect of tamoxifen in women
with an increased risk for breast cancer.[?23]

1.3 Toremifene

Toremifene citrate is a chlorinated analogue of
tamoxifen and, like tamoxifen, a triphenylethylene
derivative. Toremifene and its 4-hydroxylated me-
tabolite bind tightly to ERs with affinities similar
to that of tamoxifen,[26:27) and toremifene has anti-
estrogenic activity similar to that of tamoxifen. Since
it can stimulate uterine proliferationt?® and acts as
an estrogen agonist on bone and serum lipids,!3:2]
toremifene is also classed as a first-generation
SERM.

Three randomised phase III clinical studies con-
ducted in North America, Eastern Europe, and
Scandinavia served as the basis for the 1997 FDA
approval of toremifene citrate for the treatment of
metastatic breast cancer in postmenopausal women.
In the North American trial, Hayes et al.3% com-
pared the efficacy of two different dosages of tor-
emifene (60 and 200 mg/day) with that of tam-
oxifen (20 mg/day). Among the evaluable patients,
the objective response rates for all three treatments
were approximately 25%.391 Response rates in the
North American and Eastern European trials were
virtually identical,[3%31] but the Nordic trial re-
sulted in somewhat higher response rates for both
tamoxifen and toremifene.l32! These three studies
also showed equivalent efficacy between tamoxi-
fen and toremifene in time-to-treatment failure and
overall survival, supporting the conclusion that
toremifene is as effective as tamoxifen for the treat-
ment of metastatic breast cancer.!33!

The potential usefulness of adjuvant toremifene
in the treatment of women with high risk or pri-
mary breast cancer is currently being examined by
several large multi-institutional trials.[3*l The
Finnish Breast Cancer Group began a trial in 1992
to compare the efficacy and adverse effects of tor-
emifene with tamoxifen as adjuvant therapies for
postmenopausal node-positive breast cancer pa-
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tients. Preliminary results from 899 patients dem-
onstrated that after a mean follow-up of 3.4 years,
the efficacy of adjuvant toremifene (40 mg/day)
was not significantly different from that of tam-
oxifen (20 mg/day) in preventing breast cancer re-
currence; there was a 23.1% recurrence rate among
toremifene-treated patients and a 26.1% recurrence
rate among tamoxifen-treated patients.[33! The au-
thors note that the 3 years of toremifene use in this
study may be too short to assess efficacy; the Early
Breast Cancer Trialists” Collaborative Group over-
view of 55 tamoxifen trials found that 5 years of
adjuvant tamoxifen therapy is superior to 2 years
or less in preventing disease recurrence. (20!

As yet, the number of patients treated with tor-
emifene is too small, and the number of follow-up
years too few, to form strong conclusions about the
efficacy and tolerability of toremifene. Results
from ongoing adjuvant trials are awaited before
making a determination as to whether toremifene
should be used widely in breast cancer prevention.

1.4 Raloxifene

Raloxifene is classified as a second-generation
SERM because it acts as an estrogen-receptor anta-
gonist on both the breast and uterus but as an estro-
gen agonist on bone and blood lipid profiles.!36-37]
Raloxifene binds to the ER with an affinity similar
to 17B-estradiol 13831 In 1997, the FDA approved
raloxifene hydrochloride for the prevention of os-
teoporosis in postmenopausal women.

To date, raloxifene has not been approved by the
FDA for either the treatment or prevention of breast
cancer. In studies examining efficacy in the preven-
tion of osteoporosis, raloxifene has been shown to
result in fewer breast cancers in women when com-
pared with placebo.l0! Several large clinical trials
are underway to examine the efficacy of raloxifene
for the prevention of breast cancer. NSABP re-
searchers are conducting the Study of Tamoxifen
and Raloxifene (STAR) trial to compare raloxifene
with tamoxifen treatment for reducing the inci-
dence of breast cancer in women with an increased
risk of developing the disease.[*!] The Raloxifene
Use for the Heart (RUTH) trial, initially designed
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to examine potential cardioprotective effects of
raloxifene,*?! recently modified its main objec-
tives to include an assessment of raloxifene’s effect
on breast cancer risk.[4!

1.5 Other SERMs

Two additional triphenylethylene derivatives,
droloxifene (3-hydroxytamoxifen) and idoxifene
(pyrollidino-4-idotamoxifene), have been evalu-
ated clinically as breast cancer therapies, but infor-
mation on these drugs is limited.[®#4 Phase I and
phase II trials with droloxifene demonstrated effi-
cacy for the treatment of breast cancer;!*>4! how-
ever, preliminary data from a large phase III trial
indicate that the drug has no benefit beyond that of
current therapies. As a result, the manufacturer has
halted clinical development of droloxifene for
breast cancer.[*7! Idoxifene is currently in phase 11
trials for breast cancer treatment; data are not yet
available to determine its benefit over currently
recommended endocrine therapies.

2. Carcinogenic Effects Associated
with Tamoxifen and Toremifene

Since tamoxifen and toremifene are the only
SERMs currently indicated for the prevention or
treatment of breast cancer, the following discus-
sion is limited to these compounds. In general,
tamoxifen and toremifene are fairly well tolerated,
but both carcinogenic and noncarcinogenic ad-
verse effects have been associated with their use.
At this point, there is much more data on adverse
effects of tamoxifen than toremifene; due to exten-
sive clinical experience with tamoxifen. Thus, any
conclusions about the tolerability of toremifene are
highly speculative until outcomes of ongoing trials
are known. Table I provides a summary of the tol-
erability profiles of tamoxifen and toremifene.

2.1 Breast Cancer

Animal studies evaluating long term tamoxifen
treatment of athymic nude mice implanted with
MCF-7 human breast cancer cells demonstrate that
tamoxifen treatment eventually leads to tumour
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growth.[%%:3%1 The tumours remain ER-positive and
will grow in response to either estradiol or tam-
oxifen.[®! The mechanism of tamoxifen-stimulated
proliferation is unknown; one hypothesis is that a
receptor mutation converts the antagonistic tam-
oxifen-ER complex into an agonistic complex, thus
promoting tumour growth.!!!

These laboratory studies highlight the need to
determine the appropriate duration of tamoxifen ther-
apy: too short a treatment may not confer maximal
anti-tumourigenic effects, whereas too long a treat-
ment may result in drug resistance.[%! Investiga-
tors from the NSABP-B 14 study examining the ef-
fects of tamoxifen on ER-positive, lymph-node
negative breast cancer found that patients derived
no additional benefit from tamoxifen treatment for
periods of up to 7 years beyond the first 5 years.[66]
Moreover, these investigators observed a slight ad-
vantage in patients who discontinued treatment af-
ter 5 years compared with those who continued
tamoxifen therapy for up to 7 years. The NSABP
results are consistent with recently updated results
from the Scottish Adjuvant Tamoxifen Trial that
found no additional benefit from tamoxifen ther-
apy administered beyond 5 years.l”] Two large
clinical trials are currently addressing the optimal

Table I. Tolerability profiles for tamoxifen and toremifene

duration of tamoxifen therapy for breast cancer: the
‘adjuvant Tamoxifen Treatment offer more? (aTTom)’
and ‘Adjuvant Tamoxifen—Longer Against Shorter
(ATLAS)’ trials.[%8] Until outcomes from these tri-
als are known, 5 years appears to be the optimal time
for tamoxifen treatment.

2.2 Hepatic Tumours

The estrogenic properties of tamoxifen have led
to its implication in the pathogenesis of murine
hepatic tumours.[48:4951.59.691 At high doses, a reac-
tive metabolite of tamoxifen is capable both of co-
valently binding to cytochrome P450 (CYP)!70-71]
and of producing DNA adducts in rat liver micro-
somes.[7273] As a result, tamoxifen is considered a
strong hepatocarcinogen in rats.!*%-> In humans,
however, examinations of liver biopsies from
tamoxifen-treated patients have not found signifi-
cant numbers of DNA adducts.["2741In a large Swe-
dish trial, Fornander and colleagues'>*! reported that
out of approximately 5000 patients who had recei-
ved tamoxifen treatment at 40 mg/day (twice the
normal recommended dosage), two patients devel-
oped hepatocellular carcinoma as compared with
no patients in the placebo group. In general, epide-
miological evidence has refuted the hypothesis that

Adverse effects Tamoxifen Toremifene References
Carcinogenic effects
Liver Tumourogenic in rats Nontumourogenic in rats 48, 49, 50
Nontumourogenic in humans Nontumourogenic in humans 22,51-53
Endometrium Uterotrophic Unknown; may be less 54, 55-57
uterotrophic than tamoxifen
MCF-7 human breast cancer cells Resistance and stimulation of growth Inhibits growth 58, 59
occurs with prolonged treatment
Other effects
Vasomotor Hot flushes reported in =50% of Hot flushes reported in =50% 22,35
patients of patients
Thromboembolism 3-fold increased risk of events Risk of events appears similar 22, 33,35
to tamoxifen
Ocular Low incidence of ocular toxicity. Low incidence of ocular toxicity. 22, 33, 35
Increased risk for cataracts Increased risk for cataracts
Hepatic Abnormal enzyme values. Fatty liver Abnormal enzyme values. Fatty 30, 33, 60, 61
in 30% of patients liver in 8% of patients
Uterine Endometrial hyperplasia, cysts, Endometrial hyperplasia, cysts, 28, 35, 62-64

and fibroids

and fibroids
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tamoxifen is a liver carcinogen in humans,[22-31-52,75.76]
although the increase in prophylactic application
of the drug has led some researchers to advise close
monitoring of patients’ hepatic status.3%-76-78]

In contrast to tamoxifen, toremifene does not pro-
duce hepatocellular carcinomas in rats, 341 possi-
bly due to the fact that neither toremifene nor its
metabolites result in DNA adducts in rat liver.l””]
However, activated metabolic intermediates of tor-
emifene are capable of inflicting DNA damage.(80]
For example, in the presence of a promoter such as
phenobarbital (phenobarbitone), toremifene is ca-
pable of inducing hepatic aneuploidy.l®!! In gen-
eral, very little data have been published regarding
the carcinogenesis of toremifene, but to date no cases
of hepatocellular carcinomas in humans have been
reported during toremifene treatment.[33-35-31 Fur-
ther long term studies are required.

2.3 Endometrial Cancer

Individual case reports of an association between
tamoxifen and endometrial cancer have been pub-
lished since the mid-1980s.18%] Results from the
Swedish trial, published in 1989, were the first data
from a large randomised study examining the asso-
ciation between endometrial cancer and adjuvant
tamoxifen therapy. In this study, daily treatment
with tamoxifen 40mg was associated with a rela-
tive risk (RR) of endometrial cancer of 6.4 [95%
confidence interval (CI), 1.4 to 28] when compared
with controls (who received no adjuvant endocrine
therapy).['%-34 In the NSABP-B14 trial, where more
than 2800 women with ER-positive tumours were
randomised to tamoxifen 20 mg/day or placebo,!””]
23 of the tamoxifen-treated patients developed en-
dometrial cancer after a mean follow-up of 8 years,
as compared with two patients who received pla-
cebo (RR 7.5; 95% CI, 1.7 to 32.7). In analysing
reported endometrial cancers from all placebo-
controlled trials with tamoxifen up to 1996, Assikis
and colleaguest] found a 2- to 3-fold increase in
the incidence rate of endometrial carcinoma in pa-
tients treated with tamoxifen. In the large NSABP-
P1 prevention study, tamoxifen use at 20 mg/day
for 5 years resulted in a similar 2.53 times greater
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risk of invasive endometrial cancer (95% CI, 1.35
to 4.97).22 The increased risk was predominantly
in participants 50 years or older (RR for women <49
years of age = 1.21, 95% CI, 0.41 to 3.60; RR for
women =50 years of age = 4.01, 95% CI, 1.70 to
10.90).12%1

Total duration of tamoxifen treatment has also
been examined with respect to endometrial cancer
risk. Robinson et al.[83 reported that tamoxifen (20
mg/day) therapy for over 1 year results in a marked
increase in the RR for endometrial cancer (RR
15.2;95% CI, 2.8 to 84.4) over non-users. A case-
controlled study in The Netherlands found that of
women who had developed endometrial cancer fol-
lowing breast cancer, 36% had been treated with
tamoxifen.3! These authors demonstrated that the
risk of endometrial cancer increased with duration
of tamoxifen usage, with RRs of 2.0 (95% CI, 1.2
to 3.2) for 2 to 5 years of use and 6.9 (95% CI, 2.4
to 19.4) for at least 5 years of use. Endometrial
cancer-specific survival 3 years after diagnosis was
significantly worse for long term tamoxifen users:
76% survival for patients who had used tamoxifen
for at least 5 years compared with 94% survival for
non-users (p = 0.02). In 1996, tamoxifen was clas-
sified by the International Agency for Research on
Cancer as a human endometrial carcinogen,!84! al-
though some contend that further research is nec-
essary before accepting this classification.[85-87]

In contrast to data from the NSABP-P1 trial
mentioned above, 22 several smaller studies inves-
tigating tamoxifen use at the dosage of 20 mg/day
have found no association with endometrial can-
cer, 188891 although trends toward a duration- and
dosage-dependent relationship have been seen.?0-91]
Importantly, it is not known whether tamoxifen ac-
tually causes the endometrial cancer or whether
tamoxifen use facilitates detection through more
frequent check-ups. In the laboratory, tamoxifen
has been found to directly stimulate growth of ER-
positive endometrial tumours in athymic mice, 192931
suggesting a causative clinical relationship. Fur-
ther, since the NSABP-P1 triall??) was placebo-
controlled, the observed 2.5-fold increase in endo-
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metrial cancer risk observed with tamoxifen treat-
ment cannot be attributed to diagnosis bias.

Studies have typically not found an increased risk
of endometrial cancer with toremifene, although
toremifene produces histological effects on the
uterus similar to tamoxifen.[?*7! In summarising
published data, Mienpéii et al.’7 noted that after
a total cumulative clinical exposure to toremifene
of 140 000 patient years, only 9 cases of endome-
trial cancer have been reported to date. These au-
thors calculated an annual hazard rate (per 1000
patient years) of 1.14 for endometrial carcinoma in
postmenopausal breast cancer patients receiving
adjuvant toremifene;7! this rate falls within the
hazard rates for adjuvant tamoxifen and placebo
(2.0 and 0.4, respectively).[?4

The extremely limited clinical experience with
long term use of toremifene warrants caution in
interpreting these figures. The power to detect in-
creased endometrial cancers with toremifene as
compared with tamoxifen is further limited by the
fact that, prior to 1992, toremifene trials took place
in the metastatic breast cancer setting, where the
development of endometrial cancer is unlikely to
be detected. In addition, toremifene may unmask
pre-existing endometrial tumours rather than play-
ing a causative role.’”] Further clinical evidence is
therefore required to determine whether there is a
relationship between toremifene and endometrial
tumours.

2.4 Colorectal and Stomach Cancers

Rutqyvist et al.[®”) combined data from three major
Scandinavian studies (the Stockholm Trial, the Dan-
ish Breast Cancer Group Trial, and the South-Swedish
Trial) that evaluated adjuvant tamoxifen therapy in
approximately 5000 postmenopausal women. In
these studies, tamoxifen-treated patients exhibited
a 2-fold greater risk of colorectal cancer (RR 1.9;
95% CI, 1.1 to 3.3) and a 3-fold greater risk of
stomach cancer (RR 3.2;95% CI,0.9 to 11.7) com-
pared with non-users. However, other large studies
have not found any increased incidence of co-
lon!29-22] or stomach cancer in patients treated with
tamoxifen.[??] This disparity may result from dos-
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age differences; in the Scandinavian studies, women
were administered tamoxifen at higher doses than
in the larger studies. To date there have been no
reports of increased incidence of colon or stomach
cancer with toremifene treatment.33.3]

3. Noncarcinogenic Effects Associated
with Tamoxifen and Toremifene

3.1 Vasomotor

Because of its antiestrogenic properties, vaso-
motor instability (e.g. hot flushes and sweating),
similar to that encountered with menopause, is acom-
mon adverse effect of tamoxifen. In the NSABP-
P1 study, 46% of patients treated with tamoxifen
reported hot flushes as quite bothersome to ex-
tremely bothersome, compared with 29% of pa-
tients in the placebo group.??] Numerous studies
confirm an increased incidence of hot flushes and
sweating with tamoxifen,[3335.7896-98] which can
cause discontinuation of treatment.[%¢]

An increased incidence of vasomotor adverse
effects with toremifene has been demonstrated,
both in comparison with placebo!®! and in compar-
ison with tamoxifen-treated patients. In a meta-
analysis of the 5 phase III trials completed as of
1999, Pyrhonen et al.33] reported that the inci-
dences of hot flushes (18%) and sweating (14%) in
patients receiving toremifene were similar to those
observed in tamoxifen-treated patients. Similarly,
the Finnish Breast Cancer Group trial that com-
pared adjuvant toremifene with tamoxifen found
that the incidences of sweating and hot flushes
were comparable between the two treatment groups;
approximately 50% of patients in both treatment
groups reported vasomotor adverse effects.[33]

3.2 Venous Thromboemibolism

As with other estrogen therapies, there is clinical
evidence of an increased risk of thromboembolic
events such as deep vein thromboses and pulmo-
nary emboli in patients treated with tamoxifen.[78.100]
The NSABP-P1 researchers observed pulmonary
emboli in almost 3 times as many women in the
tamoxifen-treated group as in the placebo group

Drug Safety 2001; 24 (14)



1046

Curtis

(RR 3.01;95% CI, 1.15 to 9.27).1221 Of tamoxifen-
related pulmonary embolic events, 89% occurred in
women 50 years of age or older. The NSABP data
further showed that more women who had received
tamoxifen developed deep vein thromboses than
women who had received placebo (RR 1.60; 95%
CI, 0.91 to 2.86); the majority of these events also
occurred in women 50 years of age or older. In add-
ition, there was an increase in the incidence of stroke
among women over 50 who had received tamox-
ifen (35 events in the tamoxifen group compared with
20 events in the placebo group).??!

The rate of thromboembolic events associated
with toremifene treatment appears similar33! to
that found with tamoxifen. Holli and colleagues!33!
observed slightly more vascular complications
with the tamoxifen-treated patients than with the
toremifene-treated patients, but the small difference
was not statistically significant (5.9% and 3.5% re-
spectively, p = 0.11).

3.3 Ocular

Reports of a low incidence of ocular toxicity with
tamoxifen, including retinopathy, corneal kerato-
pathy, and optic neuritis, have appeared in the lit-
erature for several decades.!78-98.1011 Small prospec-
tive studies in women who were administered long
term, low dose tamoxifen have found decreased vis-
ual acuity,!'92193] bilateral macular oedema,'%2 and
retinal deposits.l'92! In these studies, ocular symp-
toms appeared in approximately 6% of the patients
after 1 year of treatment with tamoxifen and were
generally reversible upon cessation of treatment.!10%]
Larger clinical trials have not corroborated a high
incidence of vision-threatening ocular toxic-
ity,[22:101,104.105] a]though intraretinal crystals and
posterior subcapsular opacities have been shown to
occur among tamoxifen-treated patients.[101:105]

More recently, attention has focused on an asso-
ciation between cataracts and tamoxifen therapy.
Data from the NSABP-P1 trial demonstrate an in-
crease in the rate of cataracts for tamoxifen-treated
women versus placebo./?2! The rate of cataract de-
velopment among participants was 21.72 per 1000
women in the placebo group and 24.82 per 1000
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women in the tamoxifen group (RR 1.14; 95% CI,
1.01 to 1.29). Paganini-Hill and Clarke!'%! inves-
tigated cataract frequency in 1297 patients with
breast cancer and calculated that long term users of
tamoxifen (6 years or greater) had an increased risk
of cataract development of 1.70 (95% CI, 1.11 to 2.59)
when compared with non-users.

Available data suggest that toremifene results in
ocular effects similar to those seen with tamoxi-
fen.[?%331 In the three large comparative studies pub-
lished to date, there was no significant difference
between toremifene and tamoxifen in the observa-
tion rates for ocular events, although a slight trend
toward more ocular events with toremifene was ob-
served. For example, twice as many patients expe-
rienced corneal keratopathy with toremifene (0.7%
of toremifene patients vs 0.3% of tamoxifen pa-
tients). Cataracts are associated with toremifene treat-
ment at rates similar to tamoxifen.[33-33]

3.4 Hepatic

In addition to the potential association with hepa-
tocellular carcinoma described in section 2.2, non-
malignant hepatic effects of tamoxifen have been
reported. These effects include abnormal hepatic
enzyme values, 35! hepatic steatosis, 1091901971 and non-
alcoholic steatohepatitis.[%91 Researchers in Japan
have used abdominal computed tomography scan-
ning to diagnose fatty liver in more than 30% of
patients treated with adjuvant tamoxifen.[®0] In
contrast, larger studies using serum markers to as-
sess hepatic status did not find liver damage with
tamoxifen;!!%8] one study suggests that the differ-
ence in diagnostic method accounts for the discrep-
ancy in the detection of fatty liver.[6!]

The distribution incidence of hepatic toxicity is
similar for toremifene, with reported incidences of
abnormal enzyme levels,130-3! hepatic steatosis,
and non-alcoholic steatohepatitis.[®! In general, no
differences between toremifene and tamoxifen
have been seen in the incidence of abnormal en-
zyme values;3] however, laboratory results have
suggested a difference in the incidence of fatty
liver. A study of 52 breast cancer patients in Japan
found that the incidence of toremifene-induced
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fatty liver was significantly lower than that in-
duced by tamoxifen, with toremifene resulting in
roughly 8% of patients with fatty liver®!! as com-
pared with 36% for tamoxifen.['97] The absence
of clinical manifestations of non-alcoholic steato-
hepatitis often precludes early diagnosis, and it has
been suggested that patients undergoing SERM
treatment should have liver function tests prior
to initiating, and periodically throughout, treat-
ment.[61,106.1071 However, the small number of pa-
tients in the studies examining toremifene and hepatic
effects cautions against drawing firm conclusions.

3.5 Uterine

Nonmalignant effects of tamoxifen on the uterus
have been reported. The effect of tamoxifen on uter-
ine morphology has been studied by ultrasonogra-
phy and hysteroscopic imaging, both prior to initi-
ation, and at regular intervals during, therapy. In a
prospective, hysteroscopic follow-up study, Neven
and colleagues!!% found endometrial changes in 9
out of 16 tamoxifen-treated patients. The majority
of these changes were benign, including endome-
trial polyps and hyperplasia. Other investigators
have identified similar uterine effects of tam-
oxifen, including endometrial thickening, cysts,
and fibroids, 1285162641 45 well as ovarian cysts.[62110]
To date, a large clinical trial assessing nonmalig-
nant effects of tamoxifen on the uterus has not been
conducted.

The established endometrial effects of tamoxi-
fen have resulted in a tendency for clinicians to
recommend routine endometrial surveillance for
postmenopausal tamoxifen users[!!!] despite a lack
of uniform consensus on its effectiveness. Con-
flicting opinions exist regarding the method, use-
fulness, and/or cost effectiveness of endometrial
screening in patients receiving tamoxifen.[!12-1141A
few recent studies indicate that endometrial screen-
ing in asymptomatic patients is not warranted be-
cause of high false-positive rates of endometrial
sonographic screenings!!!'2! and the low frequency
of significant findings with hysteroscopy.[63:115116]
Others recommend that only patients who present
with abnormal vaginal discharge or bleeding

© Adis Infernational Limited. All rights reserved.

should have a hysteroscopy with endometrial sam-
pling.[13.114,116,117)

Uterine effects of toremifene have not been ex-
tensively studied. In comparing the endometrial ef-
fects of tamoxifen (20 mg/day) with those of tor-
emifene (60 mg/day), Tomds and colleagues!?®!
found a greater percentage of patients with endo-
metrial changes in the tamoxifen group than in the
toremifene group (57 vs 30%). Holli et al.[33] re-
ported an equal number of endometrial events be-
tween adjuvant tamoxifen- and toremifene-treated
patients, including uterine polyps, haemorrhage,
endometrial hyperplasia, uterine fibroids, and
ovarian cysts. In this latter study, the number of
endometrial polyps in toremifene-treated patients
was similar to that in tamoxifen recipients (8 vs 7,
respectively), leading the authors to suggest that in
the uterus, toremifene may have carcinogenic po-
tential similar to tamoxifen. Outcomes of ongoing
trials are awaited to determine if this is the case.

3.6 Other Adverse Effects

Additional adverse effects reported for both
tamoxifen and toremifene include vaginitis (bleed-
ing and discharge), itching, dizziness, nausea,
headache, diarrhoea, rash, depression, and insom-
nia.[22:30:3577.971 While these events are not gener-
ally considered life threatening, their impact on pa-
tients quality of life can be profound.[?277:97]
Typically, profiles for these quality-of-life effects
are similar for tamoxifen and toremifene.33351 In
one study, the incidence of nausea was signifi-
cantly higher in patients treated with a high dosage
of toremifene (200 mg/day) than in patients treated
with a lower dosage of the drug (60 mg/day) or
tamoxifen (20 mg/day; 20 vs 14%, p < 0.05).130!

There have been no adequate and well-controlled
trials of tamoxifen or toremifene in pregnant wo-
men, but studies with neonatal animal models sug-
gest that tamoxifen may be teratogenic.l’’! Preg-
nancy in premenopausal women taking tamoxifen
or toremifene is strongly discouraged, and the
manufacturers recommend careful monitoring and
assessment of the risks to the fetus.[''8:11%1 Tamoxi-
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fen and toremifene are classified as FDA Category
D for pregnancy risk.

4. Drug Interactions with SERMs

Drug interactions with SERMs have been repor-
ted in animal studies; however, clinical data are
limited.!*# Interactions have been reported with
anticoagulants, drugs metabolised by CYP3A4 and
certain antineoplastic agents.

First, triphenylethylenes such as tamoxifen and
toremifene are known to interact with coumarin-
type anticoagulants (e.g. warfarin).['20-121] This in-
teraction is considered life threatening because it
can lead to a 1.5- to 2-fold increase in prothrombin
time.[12%-121] Tn clinical situations in which concur-
rent therapy is justified, the patient’s prothrombin
time needs to be closely monitored.[!!°]

Second, tamoxifen, toremifene, and some of
their metabolites are potent inhibitors of CYP3A4.
In the process, they inhibit their own metabolism
as well as that of an array of xenobiotics.[*! In
addition, the metabolism of tamoxifen and toremi-
fene is altered by drugs known to inhibit CYP3A4
enzymes; for example, ketoconazole and other
antimycotics.[118.119]

Third, the risk of thromboembolic events with
tamoxifen increases when coadministered with the
antineoplastic agents cyclophosphamide, metho-
trexate, and fluorouracil (CMF).l'221 In a multi-
centre, randomised trial involving 705 postmeno-
pausal women undergoing treatment for breast
cancer, the incidence of serious thromboembolism
while undergoing tamoxifen-only therapy for 2
years was 2.6%; the incidence of thromboembolic
events was 13.6% in patients who had undergone a
6-month regimen of CMF in addition to the 2 years
of tamoxifen.['??] Interaction between toremifene
and CMF has not been evaluated.

Finally, pharmacodynamic interactions between
tamoxifen and etoposide result in an increase in
haematologic toxicity, as manifested by leucopenia
or neutropenia.l'23 Corona et al.!'23! studied this phe-
nomenon by coadministering etoposide (100 mg/day)
and oral tamoxifen (40 mg/day) to a study group (n
= 14). The control group (n = 17) received the same
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regimen of etoposide without tamoxifen. A signif-
icantly larger percentage of patients who had re-
ceived both tamoxifen and etoposide experienced
haematologic toxicity when compared with the con-
trol group (43 vs 26%, respectively).

5. Alternatives to SERMs

Due to the potential adverse effects, proposed
limited benefits,'2*] and conferred resistancel®!
with tamoxifen and toremifene use, therapeutic al-
ternatives are being developed and introduced for
the treatment and prevention of breast cancer. For
example, novel chemotherapies are currently under
investigation for use in combination with known
breast cancer agents to improve response rates and
tolerabilities. Luteinising hormone-releasing hor-
mone analogues, i.e. goserelin acetate, reduce plas-
ma estrogen levels and are currently used to treat
breast cancer in pre- and perimenopausal patients.

Inhibitors of the enzyme aromatase, which pro-
duces estradiol from testosterone and androstene-
dione, can be useful in limiting endogenous estra-
diol levels. Historically, these compounds were not
very selective and inhibited the biosynthesis of
several hormones.l'?] More recently, however,
compounds have been developed that selectively
target and irreversibly bind to aromatase. Three
such aromatase inhibitors are currently approved
by the FDA for use in the second-line treatment of
postmenopausal women with breast cancer (letro-
zole, anastrozole and exemestane). Results from
recent clinical studies have demonstrated that letro-
zolel!26] demonstrates superior efficacy in the treat-
ment of breast tumours when compared with tam-
oxifen, and that exemestane improves survival
among patients with breast cancer who failed on
tamoxifen.['?”] The results from the phase I1I letro-
zole trial served as the basis for the FDA to recom-
mend (on December 13, 2000) that letrozole be ap-
proved as a first-line therapy for postmenopausal
women with advanced breast cancer.l'?8] The effi-
cacy of aromatase inhibitors as preventive treat-
ment of breast cancer is also being examined, but
accelerated bone loss or cardiovascular disease
from lowered estrogens, or both together, remains
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alegitimate concern and needs to be carefully mon-
itored in these patients.!!?°]

A different endocrine approach proposed for the
prevention and/or inhibition of hormone-depend-
ent tumours involves the suppression of ovarian
function using gonadotropin-releasing hormone
analogues with concomitant supplementation of low
dose estrogen and progesterone to maintain cardio-
vascular and bone health.3%! This regimen is still
experimental and is currently being evaluated in
high-risk younger women.[131]

Combining SERMS with hormone replacement
therapy (HRT; estrogen combined with a proges-
tin) has been proposed to ameliorate postmeno-
pausal symptoms in patients with a history of breast
cancer.!!32133] Despite a lack of definitive evidence
of a causal relationship,[!33] commonly prescribed
doses of HRT have been associated with a potential
increase in breast cancer risk.!'3* Lower dose HRT
formulations in combination with tamoxifen may
improve adverse effect profiles to the extent that
patients with breast cancer can benefit from HRT.!!33]
In addition, lower mortality rates have recently
been reported in women with breast cancer who
used HRT after diagnosis compared with patients
with breast cancer who did not use HRT, challeng-
ing the notion that HRT should not be given to
women with a history of breast cancer.!!3]

All of these therapies have their own set of po-
tential adverse effects, and each requires further
definition of target population and optimal dura-
tion of treatment. Given a patient’s hormonal sta-
tus, age, family history, and quality of life consid-
erations, these options should be considered along
with SERMs in designing a suitable treatment reg-
imen.

6. Conclusion

In general, tamoxifen and toremifene have sim-
ilar tolerability profiles. Few data are as yet avail-
able, however, for comparison between these com-
pounds. The very slight differences observed
between tamoxifen and toremifenel33-35-57.611 may
result from differences in their relative estrogenic
versus antiestrogenic properties since tamoxifen
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has been shown to have a greater estrogenic-to-
antiestrogenic ratio than toremifene.[136.137]

During the last 2 decades, tamoxifen has been
the major first-line treatment in advanced breast
cancer and has recently been approved for long
term preventive therapy. Evidence that prolonged
administration of tamoxifen can result in an in-
creased incidence of endometrial cancer>*-56) and
that tamoxifen can induce tumour promotion in hu-
man breast cancer cells in vitrol>®-3! suggests that
the clinical use of long term prophylactic tamoxi-
fen warrants careful examination.®) For many
women at high risk for breast cancer, the benefit of
tamoxifen treatment may outweigh the associated
risks.[20.98.138.139] However, the data reviewed here
have led some to suggest that there is a significant
symptom ‘cost’ of tamoxifen therapy in women, 7]
which could become intolerable with extended
treatment.[”7] For breast cancer patients or healthy
women at increased risk of breast cancer, the po-
tential for these adverse effects with SERMs must
be carefully weighed against other therapeutic
agents or combination regimens.[%>-13% The devel-
opment of future generations of SERMS that im-
prove upon the current therapies is eagerly antici-
pated.
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