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ABSTRACT

Tamoxifen, a nonsteroidal antiestrogen used widely in the treatment of
breast cancer, was tested in a conventional 2-year carcinogenicity bioassay

in rats, a species in which tamoxifen acts variably as a partial agonist and
antagonist on different target tissues. Groups of 51 males and 52 females
were given 5, 20, and 35 mg/kg of tamoxifen/day by gastric intubation in
0.5% hydroxypropyl methylcellulose at 5 ml/kg dose volume. There were
102 male and 104 female controls dosed with vehicle alone.

Growth rate and food consumption were reduced in all treated groups.
The major finding was a dose-related increase in the incidence of hepa-

tocellular tumors which were first observed after 31 weeks of treatment in
the top dose group. The majority of the neoplasms were hepatocellular
carcinomas showing a well differentiated trabecular pattern. Some tumors
were glandular in type. Mortality was increased in the 20 and 35 mg/kg
dose groups compared with controls as a result of these tumors. By con
trast, survival was greater than controls in rats given 5 mg/kg tamoxifen
despite the presence of hepatocellular tumors due to a reduction in the
number of pituitary tumors in females and less chronic renal disease in
males.

The mechanism of hepatic tumor induction by tamoxifen in rats is
unclear. In view of the lack of genotoxic activity in conventional genotox-

icity studies and lack of similar effect in mice or in humans, the findings
may relate to a particular constellation of effects in rats. All other drug-

induced changes in this study were nonneoplastic in nature and most
appeared to be the result of hormonal perturbation since they were con
fined to endocrine organs or have been seen previously in rats treated for
long periods with tamoxifen.

INTRODUCTION

Tamoxifen (tamoxifen citrate or Nolvadex'; ICI 46, 474) is a tri-

phenylethylene nonsteroidal antiestrogen that has been used for the
treatment of breast cancer since 1969. It represents a widely used
endocrine treatment for patients with all stages of breast cancer (1, 2).

It is a well tolerated drug with a low level of adverse effects,
particularly when compared with more conventional cytotoxic anti-

cancer drugs which produce damage to rapidly proliferating cells in
the gastrointestinal tract and bone marrow (3). Concerns about long-

term treatment with tamoxifen relate more to the potential adverse
health consequences of hormonal manipulation than to effects on
rapidly proliferating cells (4, 5).

This side effect profile of tamoxifen in female patients broadly
reflects the low level of toxic effects observed in the early preclinical
safety studies (6). Tamoxifen showed low acute and chronic toxicity
in conventional studies performed in rats, mice, and dogs. Most of the
pathological findings were found in the endocrine and reproductive
systems in these species and appeared related to the exaggerated
pharmacological activity at high doses.

Following long-term treatment of Alderley Park outbred mice with
tamoxifen, treatment-related neoplasms were confined to hormone-
sensitive tissues. These were believed to be the consequence of long-

term derangement of endocrine status in this species in which tamox
ifen is classified as a full estrogen (6, 7).

While the findings in these earlier preclinical studies fully support
the use of tamoxifen in palliative treatment of breast cancer, consid-
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eration of tamoxifen for use in treating nonmalignant disease and
breast cancer prophylaxis among women at high risk of developing
mammary cancer led to the initiation of a conventional rat carcino
genicity study in 1986. Although some studies have addressed the
carcinogenicity of tamoxifen in the rat after exposures up to 1 year (8,
9), this conventional 2-year rat carcinogenicity bioassay is now re

ported in view of the potential importance of tamoxifen in breast
cancer prophylaxis.

MATERIALS AND METHODS

The study was designed as a conventional carcinogenicity study in accord
ance with Food and Drug Administration and Organization for Economic
Cooperation and Development guidelines and full Good Laboratory Practice
compliance. All animal work conducted in this study was performed in ac
cordance with the principles of the United Kingdom Animal (Scientific Pro
cedures) Act 1986 (10). Tamoxifen was administered by gastric intubation as
a suspension in 0.5% hydroxypropyl methylcellulose in 0.1% aqueous polysor-

bate 80 at a dose volume of 5 ml/kg body weight to Alpk:APfSD, Wistar
derived (Alderley Park) rats for a period of 2 years. A total of 255 male and 260
female rats was divided into control and three dose groups (Table 1). The
animals were 35 to 36 days old at the start of dosing on October 1, 1986. The
low dose level was chosen as a multiple (approximately 6-fold) of the maxi
mum recommended human dose of 20 mg bid (i.e., 0.8 mg/kg/day for a 50-kg

woman) and the high dose to produce some adverse effects based on findings
in a previous 6-month study in JCL-SD rats (11).

Animals were housed as groups of 3 males or 4 females in stainless steel
mesh cages (45 X 28 X 20 cm) under standard environmental conditions at
21Â°CÂ±2Â°C,relative humidity 60 Â±15%, a 12 h light-12 h dark cycle; a

conventional rodent diet (pelleted, -y-irradiated NDD diet from Special Diets

Services Ltd.) and tap water from an automatic watering system were provided
ad libitum.

Throughout the study all animals were inspected at least twice daily. Body
weight and food consumption were measured at intervals throughout the study.
Eyes of all rats were examined by direct ophthalmoscopy before the start of
dosing and several times during the study at approximately 3-month intervals.

Blood samples were taken at necropsy from the vena cava for RBC and WBC
counts from all rats surviving to the end of the study and where possible also
from rats requiring to be killed prematurely. Blood samples from tail veins
were also analyzed for standard clinical chemistry during weeks 51-53 on 43

randomly selected male and 38 randomly selected female rats from each group.
Drug levels were measured in blood from the vena cava at variable times after
dosing from animals requiring to be killed prematurely and at the end of the
study using Chromatographie separation by high performance liquid chroma-
tography followed by post-column irradiation and fluorescence detection. An

imals were killed by inhalation of halothane (Fluothane; ICI Pic). All animals
were given a full autopsy in which internal organs were carefully inspected.
The livers from all animals were sectioned at intervals of 3-5 mm and cut

surfaces carefully inspected for nodules. Sections from left and right lateral and
median lobes were fixed in formol-saline, processed, and examined histolog-

ically using standard hematoxylin and eosin stained sections. A full range of
other tissues and samples from all tumors were also processed in a similar
manner and examined histologically. Live animal data were assessed by anal
ysis of variance using a SAS computer system. Statistical analysis of each
tumor type for each sex was performed using the method of Peto et al. (12).

RESULTS

The doses of 5, 20, and 35 mg/kg/day used in this study produced
mean serum tamoxifen concentrations of 166 (range, 40-697), 664
(range, 57-1188), and 636 (range, 106-1230) ng/ml, respectively.
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Mortality was similar in all male groups up to week 36 and in all
female groups to week 27. Thereafter, rats given 35 mg/kg/day died or
were killed for humane reasons between weeks 37 and 71. Likewise,
rats given 20 mg/kg/day died or were killed for humane reasons
between weeks 43 and 87. By contrast, mortality among male and
female rats given 5 mg/kg/day was lower than in the comparative
control group (Fig. 1 and 2).

From week one growth of all rats given tamoxifen was impaired
compared with controls and this was associated with lower food
consumption with males being generally more affected than females
(Fig. 3 and 4). A number of clinical signs were associated with
treatment in a dose-related manner. These included an increased

prevalence and severity of alopecia, most marked in females, waxy
pelage, and excessive salivation. Abdominal masses related to the
liver were also palpated in life. The majority were detected between
weeks 27 and 52 in rats given 35 mg/kg/day, weeks 52 and 78 in rats
given 20 mg/kg/day, and weeks 79 and 107 in rats given 5 mg/kg/
day.

Ophthalmoscopic examination revealed an increase in the preva
lence of crescentic cataracts in rats treated with tamoxifen. This is the
most common form of spontaneous cataract in this strain being cres
centic in shape with a broad base at the equator and extending along
both the posterior and the anterior lens capsule. An increased preva
lence of crescentic cataracts was recorded in rats given 35 mg/kg/day
compared with controls from the time that they were first noted at
week 26. By week 52 crescentic cataracts were seen in about 50% of
the eyes of females given 35 mg/kg/day and 25% males at the same
dose, compared with about 10% in control female and 2% of control
male rats. Similar but less marked differences were seen at lower
doses with the exception of female rats given 5 mg/kg/day. These had
a slightly lower incidence of crescentic cataracts than control female
rats.

In addition, cataracts of other types may also have been potentiated
by treatment. Anterior cortical radial lines were seen in two rats given
35 mg/kg/day, two rats given 20 mg/kg/day, and in only one control.
Posterior suture cataracts developed predominantly in rats given 5
mg/kg/day as they developed in significant numbers only after 18

Table 1 Dose levels and numbers of animals

GroupI11mIVDose
level oftamoxifen(mg/kg

of freebase)0

(control)52035Males102SI5151No.

of ratsFemales104525252

100 -|

80-

60 -

40 -

20

Group I
Control

Group II
5mg/kg/day

\Group
III Group IV s

20mg/kg/day 35mg/kg/day \ ^(1:

20 40 60 80 100

Study Week
Fig. 1. Percentage survival of male rats in controls and treated groups during the 2-year

study.
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Fig. 2. Percentage survival of female rats in control and treated groups during the
2-year study.
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Fig. 3. Group mean body weights of male rats during the 2-year study.
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months. They were not seen in controls but were found in three rats
treated with 35 mg/kg/day, one treated with 20 mg/kg/day, and by the
end of the study, 17% of males and 25% of females treated with 5
mg/kg/day.

Hematological examination at the end of the study revealed no
meaningful biological differences between groups. Serum hepatic en
zyme values in some individual treated rats were markedly higher than
the reference range. Comparison of blood chemistry group means at
weeks 51 to 53 showed that alkaline phosphatase activity was about
three-fold higher in all treated groups compared with controls and the
differences were statistically significant. Mean alanine aminotrans-
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ferase and aspartate aminotransferase activities were highly variable
between groups although the mean alanine aminotransferase was
higher in males treated with 35 mg/kg/day than in controls (difference
statistically significant, P < 0.01).

The outstanding histopathological finding was the dose-related in

crease in incidence of hepatocellular tumors (Table 2). Liver tumors
were first found at necropsy after 31 weeks of study. The majority of
these tumors were hepatocellular carcinomas with a well differ
entiated trabecular pattern (Fig. 5). Some showed more variable his-

tological features with glandular, cystic, or papillary appearances
(Figs. 6 and 7). Most were locally invasive. A small number showed
clear evidence of extracapsular spread and 11 had developed meta-

static deposits in lungs or lymph nodes (Fig. 8). Some tumors were
benign in character and these also showed both hepatocellular and
glandular differentiation patterns. Some nodular lesions retained
intact portal structures and were designated nodular hyperplasia
(Table 3).

Much of the nonneoplastic hepatic tissue was disrupted by the
presence of these large hepatic neoplasms. Hence, critical assessment
of focal nonneoplastic alterations was not possible in this study. Foci
of hepatic cellular alteration were not commonly found in any
groups. Zones described as peliosis hepatis, composed of relatively
normal hepatocytes separated by widened sinusoids and centered
mainly around central veins were more common in treated animals.
Proliferation of biliary epithelium was found in nonneoplastic liver
but this seemed particularly marked in livers containing large neo
plasms (Table 3).

Some other tumor types were reduced in treated groups when
compared with controls and with the background incidence of tumors
in this strain of rat. Reductions were recorded in the incidence of
pituitary adenomas in both sexes, mammary tumors in females, and
parathyroid adenomas in males (Table 4). This reduction could not be
entirely explained by reduced survival because this effect also oc
curred in rats treated with 5 mg/kg/day which had better survival than
controls.

A variety of nonneoplastic pathological changes were also recorded
in other organs. Those findings which occurred in increased incidence
in treated rats included small foamy macrophage aggregates in lungs,
degenerative lenticular alterations characteristic of advanced cata
racts, atrophy of seminiferous tubules, epididymides, prostate gland,
seminal vesicles, uterus, cervix, vagina, ovaries, and mammary
glands. A slightly higher incidence of hypertrophy of the zona fascic-

ulata of the adrenal cortex and thickening of bone trabeculae was
noted in some rats given 20 and 35 mg/kg/day. A lower incidence of
chronic renal disease (chronic glomerulonephropathy) was also noted
in treated rats compared with controls (Table 3).

The principle cause of death or factor which necessitated early
termination of treated rats was the presence of hepatocellular tumors.
The main causes of unscheduled death among female controls was
pituitary adenomas and in control males was chronic progressive
glomerulosclerosis.

Fig. 5. Edge of a solid hepatoeellular carcinoma in a 35 mg/kg dose group male rat
showing pleomorphic cellular pattern. Hematoxylin and eosin X 170.
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Fig. 6. Example of a hepatocellular tumor from a male high dose rat showing a
glandular pattern. Hematoxylin and eosin X 170.

DISCUSSION

The principle finding in this study was the increase in the number
and the early onset of hepatocellular neoplasms in rats treated with
tamoxifen compared with controls. This is consistent with the results
of findings in recent 12-month studies in Sprague-Dawley rats (8, 9).

Thus, tamoxifen must be regarded as a hepatic carcinogen in rats.
Hepatic tumor pathology was the principle cause of poor survival in
rats given 20 or 35 mg/kg/day and the early termination of these
groups by weeks 87 and 71 of the study, respectively. There was no
correlation between high serum levels of tamoxifen and premature
deaths. Although hepatocellular tumors caused the early death of some

Table 2 Hepatic neoplasms

Males(mg/kg/day)No.

of animalsexaminedHepatocellular
adenomaCholangiomaBiliary

cystadenomaHepatocellular
carcinomaHepato/cholangiocellular
carcinomaLiver

tumors metastatic to lung and lymph node01021(I(I1005518008002051110134233551g013454P

value"<0.0001<0.0001<0.00010104101001Females

(mg/kg/day)5522006002052612374235529023752P

value<0.0001Â«CO.OOOl<0.0001

' Trend test P value.
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Fig. 7. Another example of hcpatocellular carcinoma from a male high dose rat show
ing a highly glandular appearance. Hematoxylin and eosin X 170.
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Fig. 8. Intravascular pulmonary metastasis of a solid hepatocellular carcinoma in a high
dose group male rat. Hematoxylin and eosin X 170.

rats given 5 mg/kg/day, overall survival in this group was better than
controls. This was mainly because of a lower level of renal disease in
males and reduced number of pituitary adenomas in females compared
with respective controls. Pituitary adenomas and renal disease are the
principle causes of death in Alderley Park rats (13). It is recognized
that the suppression of growth which occurred in rats treated with
tamoxifen is capable of reducing the incidence of renal disease and
pituitary adenomas (14). This reduction in growth is believed to be a
consequence of the pharmacological activity of tamoxifen and related
changes in hormonal status (15, 16).

Many of the hepatic tumors showed highly malignant histolÃ³gica!
and cytological features and some showed glandular differentiation
patterns. In certain cases, there were also widespread pulmonary met-

astatic deposits confirming their malignant biology.
This pattern of hepatic tumor pathology was analogous to that

induced by the powerful genotoxic agents such as diethylnitrosamine
where chronic administration gives rise to highly malignant hepatic
tumors within periods of about 6 months. By contrast, many nongeno-

toxic agents such as clofibrate, phÃ©nobarbital,and sex steroids give
rise to nodules and tumors of relatively low malignancy after longer
periods of time, usually over 1 year (17, 18). Nevertheless, hepatic
carcinomas can be induced rapidly in rats, as in this study, without the
administration of genotoxic agents. For instance, a choline deficient

diet induces a highly malignant spectrum of hepatic tumors in the rat
liver within 6 months by a mechanism not involving genotoxic car
cinogens possibly through the formation of free radicals, chronic cell
damage, and increased cell turnover (19, 20).

Although there were some hyperplastic nodules, nonneoplastic liver
tissue of tamoxifen treated rats contained surprisingly few foci of
cellular alteration. However, no histochemical study was performed to
detect foci. Biliary alterations as well as spongiosis hepatis and peli-

osis hepatis and foci of necrosis were seen. However, some of these
changes were related to the disruption caused by the presence of large
tumors because the hepatic parenchyma in low dose animals without
neoplasms showed relatively little evidence of focal nonneoplastic
alterations. Hence, it was not possible to assess tumor progression
from findings in nonneoplastic hepatic tissue in this study. Thus, firm
conclusions about whether tamoxifen acts as a genotoxic carcinogen
cannot be based simply on the nature and time course of development
of hepatic tumors and focal nonneoplastic lesions.

Tamoxifen showed no evidence of mutagenic potential in several in
vitro assays performed in accordance with OECD guidelines, both
with and without a rat liver metabolizing system. These were tests
with Salmonella typliimurium (5 strains), the CHO/HRPT locus assay,
a metaphase analysis with human lymphocytes and unscheduled DNA
synthesis in HeLa cells (6).2 Moreover, a dominent lethal test in rats
also showed no evidence of mutagenic potential.2 Nevertheless, recent

studies have suggested that DNA adducts of tamoxifen form in the
liver of treated Sprague-Dawley (21) and Fischer rats (22). From this

work it has been postulated that hepatocellular carcinoma develops in
the rat through an accumulation of these adducts and consequent DNA
damage.

It has been suggested that tamoxifen exerts its tumorigenic effect by
nongenotoxic mechanisms because it has been shown to act as a
promoter in the rat liver model when initiated with diethylnitrosamine
(23). Although tamoxifen inhibits DNA synthesis and the appearance
of y-glutamyltranspeptidase-positive foci induced by estrogens in the

rat liver, tamoxifen alone can promote the appearance of foci in
diethylnitrosamine initiated rat liver (23). In view of the current de
bate on the role of chemically induced hepatocyte proliferation in
rodent hepatocarcinogenesis, it is important to know whether tamox
ifen can act as a liver mitogen and to define any dose and time
dependency of such responses. One possibility is that tamoxifen pro
motes by virtue of its pharmacological activity at high doses in the rat.
The pharmacology of antiestrogens is complex (24, 25). Tamoxifen
itself has variable agonist and antagonist properties in different target
tissues and in different species. It is believed that by virtue of the
shape of the molecule, tamoxifen wedges into the estrogen receptor
complex and prevents the full range of conformational changes re
quired for receptor activation (7). In the liver, tamoxifen is believed to
exert agonist effects through the estrogen receptor system by causing
translocation of estrogen receptors from the cytosol to the nucleus of
hepatic cells (26). Like the estrogen-receptor complex, the tamoxifen-

receptor complex moves to the nucleus. However, as it initiates only
some of the estrogen responses, it is postulated that the precise nuclear
effects are different (27).

Estrogens themselves have well recognized importance in protein
synthesis and cell division and are capable of promoting hepatic
neoplasia in rodents. It has been suggested that modification of re
ceptor pathways associated with hepatic growth control may be fac
tors in the clonal expansion of preneoplastic cells during estrogen-

induced promotion (28). Hence, tamoxifen could produce hepatic
tumors through analogous effects on cell division and protein synthe
sis mediated via the estrogen receptor complex.

2J. C. Topham and T. C. Orton, unpublished ZENECA reports.
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Table 3 Main Nonneoplastic findings

Males(mg/kg/day)No.

of animalsexaminedLiverBiliary

cysticdilatationProlifcrative
cholangiomatouscomponentNodular

hyperplasiaPeliosis
hepatisSpongiosis
hepalisEnlarged

centrilohularhepatocytesAltered
loci ofhepatocytesHepatocyte

necrosis01020(I30III1II6551411381311620515HII

->243532435514619344230g01042(i2(1320(.Females

(mg/kg/day)5522195III2II220521061533361(11135529II243740557

Kidney
Chronic glomerulonephropathy 90 39 31 20 67

Other properties of tamoxifen may also lead to alterations in hepatic
homoeostasis and thereby enhance hepatic carcinogenesis in the rat.
Tamoxifen has been shown to increase drug metabolising capacity in
the rat liver notably activities of cytochromes P450, ethoxycoumarin
deethylase, ethoxyresorufin deethylase, and epoxide hydrolase (29).
Such metabolic alterations may be linked to its hepatocarcinogenicity,
perhaps by inducing enzymes responsible for its own activation (22).
Tamoxifen has also been shown to have weak peroxisomal prolifer
ating properties (8). Moreover, it has been suggested that tamoxifen
disturbs lysosomal function because of its ability to cause intralyso-

somal storage of polar lipids and induction of generalized lipidosis in
rats as a consequence of its amphiphilic cationic properties (30).

The relevance of these rat finding for the therapeutic use of tamox
ifen in humans is unclear. In contrast to the rat, the mouse does not
develop hepatic tumors following long-term treatment. In two previ

ous carcinogenicity studies in the Alderley Park mouse conducted
with tamoxifen at doses of up to 50 mg/kg/day, hepatic findings were
limited to fatty change and enlargement of hepatocytes (6). Most other
effects in the mouse including an increase in interstitial tumors of the
testis were similar to those produced by estrogens in this strain (6).
While it is well recognized from general comparisons of carcinoge
nicity of a wide range of chemicals in rat and mouse that some are
only carcinogenic in the rat and that over 30% of chemicals active in
both species produce tumors at different target organs in rat and mouse
(31), this species difference is particularly difficult to explain in the
case of tamoxifen.

Although in this particular rat study, blood levels of tamoxifen
correlated broadly with dose, the range of values was very large,
presumably because of the variable health status of the rats and
particularly the fact that samples were available only at different times
after dosing. Hence, the exposure achieved in these rats cannot be
easily correlated with exposure in therapy. The metabolism of tamox
ifen is complex and results in a wide range of metabolites in all
species studied, some of which are cstrogenic and others antiestro-

genic (32, 33). Excretion is largely via the feces and hepatic exposure

to drug and metabolite is similarly high in both rat and mouse (34, 35).
No clear differences have been identified in the disposition of tamox
ifen that are sufficient to explain the species differences and facilitate
the risk assessment (34, 35).

Moreover, a recent comparative study has not only shown accumu
lation of modified DNA bases in Fischer rats treated with tamoxifen
but also in both DBA/2 and C57BL/6 mice (22). Apart from the fact
that the levels of the adducts were shown to be 30-40% lower in the

livers of mice than in rats, this information provides no ready expla
nation for the differences in tumorigenicity between the two species.

Tamoxifen was also shown to potentiate the appearance of cataracts
in the rat at high doses. An association between the development of
cataracts in rats and the administration of estrogens has been well
described (36-38) although these agents have not been generally

associated with the development of cataracts in humans (39). One
striking lenticular change was the crescentic cataract, a term used to
describe a characteristic cortical cataract which develops spontane
ously from about 6 months in the Alderley Park strain of rat with a
high prevalence among females (40). The etiology of this type of
cataract is uncertain but it is probably the result of age-related degen

erative or metabolic factors in the lens epithelium or bow area. How
ever its prevalence can be modulated by alterations in sex hormone
status (40). Thus, the high incidence of this form of cataract may
reflect the excessive estrogenic activity of high doses of tamoxifen in
rats.

The accumulation of foamy macrophages in the lungs of rodents
treated with tamoxifen has been previously reported and it has been
postulated that this change is related to its amphiphilic cationic prop
erties (30). Atrophy of ovaries, testes, secondary sex organs, and
mammary glands as well as the hypertrophy of the adrenal cortex and
bone changes are believed to be the result of the hormonal activity of
tamoxifen (6, 11, 24,41).

Whereas it can be concluded that most of the changes induced by
long-term administration of tamoxifen to the rat can be considered a

result of prolonged perturbation of hormonal status in this species, a

Table 4 Incidence of principal neoplasms in other tissues

Male (mg/kg/day) Female (mg/kg/day)

MammaryglandsFibroadenomaAdenocarcinomaPituitary

glandAdenomaParathyroid

glandAdenoma0(102)10(102)14(93)105(51)00(51)2(46)020(51)00(51)0(46)035(50)00(51)0(35)0P

value"NS*NS0.00910.00270(104)169(104)76(104)15(52)0II(52)0(52)02(1(52)1II(52)0(52)035(52)00(51)0(52)0Pvalue0.00460.017<0.0001NS

" Trend lest /' value.
b NS, not significant at P < 0.05.
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similar mechanism does not readily explain the rapid development of
hepatocellular carcinomas. Although these findings may relate to the
particular constellation of effects in rats, they should be considered in
any clinical risk-benefit analysis of the extended use of tamoxifen into

breast cancer prophylaxis.
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