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amoxifen is an effective antiestrogen in the

treatment of breast cancer and is considered

highly safe (1). In recent years, several trials
have been initiated in women to evaluate its potential
for the prevention of breast cancer (2). Such long-term
administration of a medication to healthy people re-
quires a substantial degree of safety. This review ex-
amines experimental carcinogenicity and mechanistic
studies on tamoxifen and the implications for human
effects.
Findings

Carcinogenicity Studies. Tamoxifen has been
demonstrated to be hepatocarcinogenic in rats in four
independent studies (3-6). In a 1-year study, Hard et
al. (6) reported a 100% incidence of liver cancer in
female Sprague-Dawley strain rats given 22.6 mg/kg/
day by gavage and a 44% incidence of liver cancer in
animals given 11.3 mg/kg/day compared with none in
controls. At 22.6 mg/kg/day, tamoxifen also induced a
substantial incidence of liver preneoplastic lesions by 3
months. In a 2-year study, Greaves et al. (5) found in
Wistar strain-derived rats given 5 mg/kg/day, a 16%
incidence of liver cancer in males compared with 1% in
controls and a 12% incidence in females compared
with none in controls. Thus far, in a lifetime study, a
noncarcinogenic dose of tamoxifen in rats has not been
reported.
In addition to the liver findings, in rats a low inci-

dence of granulosa cell tumors of the ovary was re-
ported by Hard et al. (6).
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Carcinogenicity studies in the Alderly Park strain
mouse were reported by Tucker et al. (7). At doses of
up to 50 mg/kg/day, the only tumor increase was in-
terstitial cell tumors of the testes.

These carcinogenicity studies were, of course,
done at administered doses higher than the therapeutic
dose (about 0.3 mg/kg), as is customary in such stud-
ies. This is appropriate because rodents generally
biotransform xenobiotics more rapidly than humans
and thereby achieve a lower internal dose at the same
administered dose (8). In fact, Hard et al. (6) found
that the blood level of tamoxifen at the dose of 11.3
mg/kg/day in rats was about 146 ng/ml, which is ap-
proximately the human blood level at the therapeutic
dose (9). Likewise, Greaves ef al. (5) reported a mean
serum tamoxifen concentration of 166 ng/ml in rats
given 5 mg/kg/day. Thus, the doses used in the carci-
nogenicity studies are quite appropriate to assessment
of human safety.

Recently, Vancutsem et al. (10) reported that the
tamoxifen-induced rat liver tumors from the study of
Hard et al. (6) were characterized by a high frequency
of mutations in the p53 tumor suppressor gene. These
mutations were all clustered in either codon 231 (75%)
or codon 294 (33%), indicating a high degree of
specificity.

Mechanistic Considerations. In different spe-
cies and in different tissues, tamoxifen has variable
estrogen agonist and antagonist properties (11). To as-
sess tamoxifen’s hepatocarcinogenicity in rats, these
effects must be considered. In rat liver, tamoxifen pro-
duces both estrogen-like and antiestrogenic effects
(12). The estrogenicity of tamoxifen, however, is un-
likely to be the sole basis for hepatocarcinogenicity
since the related antiestrogen, toremifene, which has
estrogenic effects in rat liver comparable to those pro-
duced by carcinogenic doses of tamoxifen (12), does
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not produce liver tumors at a dose approximately
4-fold that of a carcinogenic dose of tamoxifen (6).
Moreover, tamoxifen, produces other effects that
could be the basis for carcinogenicity.

Tamoxifen was first reported by Han and Liehr
(13) to produce covalent DNA adducts in rat liver. In
female Sprague-Dawley rats given 20 mg/kg/day for 6
days, they found five adducts totaling 127 adducts per
10° bases. Tamoxifen at a single injection of 5 mg/kg
also produced adducts in female Syrian hamsters.
White et al. (14) reported that tamoxifen at 45 mg/kg
for 7 days produced seven adducts. With 4 days of
exposure, the total adducts were 116 per 10® nucle-
otides. These findings have been confirmed (6, 15)
and, importantly, human liver microsomes have
also been shown to mediate DNA adduct formation
by tamoxifen (16). These demonstrations of DNA-
reactivity of tamoxifen in liver or mediated by liver
microsomes are supported by studies showing cy-
tochrome P450-mediated activation of tamoxifen to a
reactive species (17). It has been hypothesized that
tamoxifen can be activated by formation of an epoxide
at the ethylene double bond (6) or by a-oxidation of
the ethyl side chain (18). Tamoxifen 1,2-epoxide reacts
with DNA to yield adducts similar to those found in
DNA from livers of tamoxifen-exposed rats (19). The
major adduct was with guanine.

Many chemicals are established to be carcinogenic
as a consequence of reaction with DNA and produc-
tion of mutations (20). At present, this appears to be
the most likely explanation for the carcinogenicity of
tamoxifen. This is supported by the rapid induction of
preneoplastic liver lesions by tamoxifen.

Conclusion

Tamoxifen is clearly DNA-reactive and carcino-
genic in rat liver. Since most human carcinogens are
DNA-reactive carcinogens in rodents (20), such find-
ings with tamoxifen raise grave concern. The observa-
tions that tamoxifen is also DNA-reactive in hamster
liver and is activated by human liver microsomes to
form DNA adducts provide evidence that its toxicity
is not confined to the rat. Accordingly, tamoxifen
must be presumed to be a human cancer hazard, un-
less some mechanistic basis for nonsusceptibility of
humans is discovered. The presumption of hazard is
reinforced by the finding of p53 mutations in the ta-
moxifen-induced liver tumors. The pS53 gene is the
most commonly mutated gene in human neoplasms
21, 22).

Accordingly, we have recommended that women
being given tamoxifen should be carefully monitored
for carcinogenic effects (23-25). It is important in this
regard to recognize that the target site for human car-
cinogens is not always the same as in rodents (20).
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