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Tamoxif en's Role in Chemoprevention of Breast Cancer: 
An Update 
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Abstract Tamoxifen is an oral antiestrogen first used in metastatic breast cancer in the early 1970s. 
Large clinical trials were initiated in the late 1970s and early 1980s to test the drug's role as adjuvant 
therapy in early stage breast cancer. Observations of marked decreases in the development of contralat- 
era1 breast cancer among tamoxifen recipients suggested potential for the drug in chemoprevention of 
breast cancer, and a large clinical trial to test the efficacy of tamoxifen in prevention of invasive breast 
cancer among women at increased risk was implemented in the United States in 1992. 

This paper reviews the rational for the clinical studies of tamoxifen as a chemopreventive agent for 
breast cancer and summarizes new information that has contributed to our understanding of tamoxifen's 
actions at the molecular and clinical levels. Current knowledge about the drug's mechanism of estro- 
genic and antiestrogenic action and its beneficial effects on blood lipids and bone metabolism will be 
presented. Recent research findings about DNA adduct formation and hepatic lesions, tamoxifen- 
associated gynecologic conditions, and the occurrence of second primary cancers in other organ systems 
will also be discussed. 0 1995 Wiley-Liss, Inc.* 
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During the late 1970s and early 1 9 8 0 ~ ~  large 
clinical trials were initiated to evaluate tamoxifen 
as adjuvant therapy following surgical resection 
of early stage breast cancer [ll. Observations of 
marked decreases in the development of new 
primary cancers in the contralateral breast of pat- 
ients receiving tamoxifen compared to controls 
suggested potential for the drug in chemopre- 
vention of breast cancer. 

A large clinical trial to test the efficacy of ta- 
moxifen in prevention of invasive breast cancer 
among women at increased risk for the disease, 
the NCI-sponsored Breast Cancer Prevention 
Trial (BCPT), was implemented in 1992 [23. Expe- 
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rience with tamoxifen in breast cancer treatment 
and the rationale for the BCPT were presented in 
several review articles published around that 
time [3-51. This paper summarizes new informa- 
tion that has contributed to our understanding of 
tamoxifen's actions at the molecular and clinical 
levels. 

TAMOXIFEN PHARMACOLOGY 

Tamoxifen is a triphenylethylene compound 
with both estrogenic and antiestrogenic actions. 
Oral medication is rapidly absorbed, 99% pro- 
tein-bound, and eliminated by hepatic metabo- 
lism. Elimination of tamoxifen occurs in a bipha- 
sic pattern with an effective half-life of several 
days. Recently, Buzdar et al. [61 demonstrated 
that once-daily administration of 20 mg tamoxi- 
fen is bioequivalent to the standard 10 mg twice- 
daily regimen. 
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Metabolism and Formation of DNA-Adducts 

Tamoxifen is metabolized in the liver by cyto- 
chrome P-450 (CYP) isoenzymes. Recent studies 
have explored metabolic functions associated 
with specific CYP isozymes. CYPlA1, CYPlA2, 
CYP2A2, CYP2A6, CYP2B6, CYP2D6, CYP2E1, 
and CYP3A4 metabolize tamoxifen to its major 
metabolite N-desmethyltamoxifen 17/81. The high- 
est rates of N-demethylation are associated with 
CYP2B6 and CYP3A4; however, CYP2B6 is ex- 
pressed at low levels by most humans and is 
unlikely to play a major role in tamoxifen metab- 
olism. Detectable levels of 4-hydroxytamoxifen 
were found in cells expressing human CYP2D6 
and CYP2E1. Finally, an increase in micronuclei 
has been observed when cells expressing human 
CYP3A4, CYP2D6, and CYP2E1 were exposed to 
tamoxifen. The role of specific CYP isozymes in 
the formation of reactive intermediates and DNA 
adducts has not been clearly defined. 

Reactive intermediates formed by CYP-depen- 
dent monooxygenases have been shown to bind 
irreversibly to liver microsomal proteins 191, 
while intermediates such as tamoxifen N-oxide 
epoxide appear to interact with DNA to roduce 
covalent adducts, as demonstrated by P post- 
labelling techniques [lo]. Potter et al. [l l l  postu- 
lated that electrophilic (alkylating agent) interme- 
diates which give rise to the DNA adducts are 
produced from tamoxifen by hepatic a-oxidation 
of its ethyl group. Observations of reduced geno- 
toxicity (decreased DNA adduct formation and 
micronuclei induction) by deuterated [D,-ethyl]- 
tamoxifen compared with tamoxifen implicates 
a-hydroxylation as a major pathway of tamoxi- 
fen activation to a reactive intermediate capable 
of DNA adduct formation [121. 

The role of a-hydroxytamoxifen as a reactive 
species is strongly supported by findings of Phil- 
lips et al. 1131 who showed that a-hydroxyta- 
moxifen gives rise to high levels of DNA adducts 
in cultured rat hepatocytes. This mechanism for 
activation is consistent with the lack of adduct 
formation found with tamoxifen analogues and 
other antiestrogens that undergo little phase I 
(oxidative) metabolism. In the mouse, inhibition 
of sulfotransferase activity by pentachlorophenol 
increases levels of several adduct fractions but 
decreases levels of other adducts [141. This sug- 
gests that sulfation of tamoxifen reactive interme- 
diates may be important in detoxification to non- 
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electrophilic derivatives, but that an alternative 
pathway, insensitive to pentachlorophenol, also 
exists in this species. 

Formation of tamoxifen-DNA adducts in ro- 
dent liver and associated morphologic changes in 
liver cells have been linked to the hepatic carci- 
nogenesis observed in these species, particularly 
in the rat [15,161. Pathak and Bode1 1171 reported 
the formation of similar tamoxifen-DNA adducts 
by human and rat liver microsomal preparations. 
However, Martin et al. [18] found marked species 
differences in number of adducts: approximately 
3,000 adducts/108 normal nucleotides in rats 
receiving the equivalent of 40 mg/kg/day com- 
pared to 1545  adducts/108 normal nucleotides 
in patients chronically receiving standard doses 
of tamoxifen. In fact, adduct levels observed in 
livers from patients receiving tamoxifen did not 
differ from the levels of adducts observed in 
livers from human controls. This marked differ- 
ence in adduct levels between rats and humans 
is consistent with the clinical observations that 
primary hepatic tumors rarely occur in breast 
cancer patients receiving tamoxifen despite their 
frequent occurrence in rats given the drug. 
Whether these findings relate to interspecies dif- 
ferences in the occurrence and/or inducibility of 
specific P-450 isozymes or in oxidative/conjuga- 
tive metabolic pathways remains to be determin- 
ed. 

Interaction With the Estrogen Receptor 

Inhibition of [3H]estradiol binding to estrogen 
receptors by tamoxifen suggests that its antiestro- 
genic properties are due to competition with en- 
dogenous estradiol for estrogen receptor binding 
sites. Elucidation of the molecular structure of 
the estrogen receptor and specific functions of its 
structural domains has led to a better under- 
standing of tamoxifen's estrogen antagonist and 
agonist activities [19]. Extracellular estradiol 
diffuses across the cell membrane and binds to 
the nuclear estrogen receptor. This leads to re- 
ceptor dimerization and tight binding of the 
homodimer to its specific DNA target. Stabili- 
zation of estrogen receptor dimerization and its 
subsequent DNA binding, enhanced by estradiol, 
are followed by the transcription of targeted 
genes through unknown mechanisms. 

In the estrogen receptor domain structure, the 
central region containing the DNA binding do- 
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main (DBD) separates two activation domains 
(AF-1 and AF-2). The AF-1 domain activates 
transcription when DNA is bound to the DBD. 
The AF-1 domain is constitutive, i.e., stabilization 
of DNA binding is sufficient for AF-1 activation. 
Tamoxifen is able to stabilize receptor dimeriza- 
tion and DNA binding in a manner similar to 
estradiol, thus activating the AF-1 domain; its 
(weak) estrogen agonist activity has been attrib- 
uted to this phenomenon. The AF-2 activation 
domain overlaps the adjacent hormone binding 
domain (HBD) and can only activate transcrip- 
tion when it is bound to estradiol or another es- 
trogen agonist. Tamoxifen's estrogen antagonist 
activity has been attributed to competitive inhibi- 
tion of estradiol-dependent activation of AF-2. 
Pure antiestrogens inhibit receptor dimerization 
and subsequent DNA binding or promote recep- 
tor degradation, thereby inhibiting activation of 
both AF-1 and AF-2. 

The activities of AF-1 and AF-2 may also be 
mediated by cofactors which may be specific for 
the domains. A 160 kD estrogen receptor-associ- 
ated protein (ERAP160) has been identified 
which exhibits estradiol-dependent binding to 
the HBD/AF-2 region and appears to mediate 
the ability of the receptor to activate trans- 
cription [20]. The ability of 4-hydroxytamoxifen, 
a metabolite of tamoxifen, to block interaction 
between ERAP160 and the estrogen receptor may 
explain tamoxifen's antiestrogenic effects in 
breast cancer. The ability of ERAPl60 to bind to 
other members of the nuclear receptor family, 
specifically the retinoic acid receptors RARB and 
RXRa, may explain the enhancement observed 
between tamoxifen and retinoids in animal mo- 
dels of carcinogen-induced mammary tumors. 

METABOLIC EFFECTS 

Cardiovascular Effects 

Initial reports of lipid-lowering effects of ta- 
moxifen have focused attention on potential 
reduction in morbidity and mortality due to 
cardiovascular disease. Comprehensive data on 
cardiovascular risk factors in postmenopausal 
women is available from the Wisconsin Tamoxi- 
fen Study of 140 patients with node-negative 
breast cancer randomized to receive tamoxifen 
20 mg/day or placebo for a two-year period [211; 
five year follow-up is now available for sub- 

groups of participants who never received ta- 
moxifen versus those who continued tamoxifen 
for a total of five years [22]. Statistically signifi- 
cant decreases from baseline values of serum 
cholesterol (approximately 12%) and low-density 
lipoprotein (LDL) cholesterol (approximately 
20%) were observed during the first three to six 
months of tamoxifen therapy and appeared to 
stabilize at these lower levels for the duration of 
treatment. These findings are consistent with 
recent reports from other studies [23-251. Women 
with higher baseline cholesterol levels had great- 
er decreases with tamoxifen. Trends toward in- 
creased triglyceride levels and decreased high- 
density lipoprotein (HDL) cholesterol during the 
first year of tamoxifen treatment did not alter 
favorable ratios of total cholesterol to HDL cho- 
lesterol and of LDL to HDL cholesterol. After 
five years, levels of serum cholesterol, LDL cho- 
lesterol, and lipoprotein(a) were significantly 
lower among patients who continued tamoxifen 
throughout the follow-up period compared to 
those who never received tamoxifen. Decreases 
in fibrinogen among tamoxifen-treated patients 
were of borderline significance, and no signifi- 
cant differences were detected between baseline 
and five-year levels of triglycerides and HDL 
cholesterol [221. Decreases in serum cholesterol 
were also maintained by the subgroup of tamoxi- 
fen-treated participants in the Scottish Adjuvant 
Trial who were re-randomized to continue tam- 
oxifen for a total of five years; however, choles- 
terol lowering effects did not persist among pa- 
tients re-randomized to stop therapy at two 
years [23]. 

Clinical benefits associated with tamoxifen's 
favorable impact on cardiovascular risk factors 
have been demonstrated within the context of 
two large randomized adjuvant therapy studies. 
Long-term follow-up of participants in the Stock- 
holm Adjuvant Tamoxifen Trial through com- 
puter-based registry of hospital admissions and 
discharges has demonstrated a statistically signif- 
icant reduction in hospital admissions due to car- 
diac disease among patients receiving tamoxifen 
compared to controls, with greater effect among 
patients receiving tamoxifen for five years com- 
pared to two years [261. A significant decrease in 
fatal myocardial infarction associated with tam- 
oxifen therapy has been reported among partici- 
pants in the Scottish Adjuvant Tamoxifen Trial 
E71. 
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The mechanisms by which tamoxifen mod- 
ulates cardiovascular risk factors are incomplete- 
ly understood. While tamoxifen's effects resemble 
those of estrogen in some regards, qualitative 
and quantitative differences are reflected in 
greater decreases in LDL cholesterol, lipopro- 
tein(a), and fibrinogen when tamoxifen is com- 
pared to estrogen, and by lack of changes in 
HDL cholesterol with tamoxifen [221. Both ta- 
moxifen and estradiol appear to protect LDL 
cholesterol from in vitro oxidative damage, possi- 
bly by stabilizing the phospholipid layer of the 
LDL particle 1281; tamoxifen's antioxidative activ- 
ities may also protect cardiac microsomal mem- 
branes from oxidative damage and impede the 
development of atherosclerotic plaques [29]. 
Studies by Gylling et al. [30] suggest that tamox- 
ifen may also inhibit cholesterol synthesis at the 
level of microsomal A'-isomerase. 

Bone Metabolism 

Several recent studies have confirmed or 
expanded earlier findings suggesting estrogen 
agonist effects of tamoxifen on age-related 
changes in bone metabolism. Dual-photon ab- 
sorptiometry studies of postmenopausal women 
participating in the Wisconsin Tamoxifen Study 
demonstrated a O.bl%/year increase in bone 
mineral density of the lumbar spine among those 
receiving tamoxifen compared to a 1 .OO%/ year 
decrease observed among those receiving pla- 
cebo [31]. Density of the radius, measured by 
single-photon absorptiometry, decreased simi- 
larly for patients in both groups. Prevention of 
bone loss at the femoral neck and lumbar spine 
by tamoxifen has also been demonstrated for 
women in the early menopausal period (within 
the first five years of menopause) [32]. In addi- 
tion, predicted bone loss in the lumbar spine and 
femoral neck due to prednisolone administration 
may be prevented among patients receiving con- 
current tamoxifen [331. 

Long-term effects of tamoxifen on bone den- 
sity are less well described. In contrast to the 
continued increase reported above, Kristensen et 
al. [341 found that lumbar spine bone mineral 
density in postmenopausal breast cancer patients 
on tamoxifen stabilized after increases during the 
first year of therapy, compared to continued de- 
creases in the control group. Following an initial 
(minor) decrease during the first 12 months, 

bone mineral content of the forearm stabilized 
among tamoxifen-treated women compared to 
continued decline in controls. Stabilization of 
bone density in both the lumbar spine and fore- 
arm persisted through the remaining year of 
therapy; however, measures were not taken 
following cessation of tamoxifen. A small cross- 
sectional study of breast cancer patients receiving 
tamoxifen for at least five years showed only a 
nonsignificant trend toward higher bone mineral 
density in the femoral neck and lumbar spine by 
dual energy X-ray absorptiometry when com- 
pared to controls matched for age, stage, and 
date of diagnosis [35], raising questions regard- 
ing the duration of bone effects. 

Serum and urinary markers for bone turnover 
also support a protective effect of tamoxifen on 
bone metabolism and suggest a beneficial effect, 
at least for the duration of therapy. Serum osteo- 
calcin and alkaline phosphatase decreased signif- 
icantly in women receiving tamoxifen compared 
to baseline values and to placebo-treated controls 
[31,34]; significant decreases in urinary hydroxy- 
proline and serum osteocalcin occurred by six 
months and persisted throughout treatment [321. 
Histomorphometric studies on transiliac crest 
bone biopsies in post- and perimenopausal breast 
cancer patients receiving tamoxifen for a mini- 
mum of 15 months demonstrated significantly 
lower tissue-based bone formation rate and an 
increase in remodeling period compared to un- 
treated controls C361. Resorption cavity depth and 
area were significantly less for tamoxifen-treated 
women, and there was a tendency for increased 
connectedness in trabecular bone structure. 

The mechanism of tamoxifen's effects on bone 
metabolism is largely unexplored, and the clini- 
cal significance of these changes remains to be 
determined. Long-term follow-up of patients par- 
ticipating in the Stockholm Adjuvant Tamoxifen 
Trial failed to show a difference in hospital ad- 
missions related to osteoporosis for patients re- 
ceiving tamoxifen compared to those receiving 
no hormonal therapy [371. 

TOXICITY 

General Symptomatology 

In general, tamoxifen is well-tolerated with 
few side effects. Experience from adjuvant ther- 
apy clinical trials reflects a 5-10% dropout rate 
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[5]; however, the compliance rate among women 
in the British chemoprevention pilot study ap- 
pears lower, approximately 70-75% at two years 
[381. 

Hot flashes and other vasomotor symptoms 
are the most commonly reported side effect; ap- 
proximately 15-20% of women receiving tamoxi- 
fen develop hot flashes attributable to the drug 
[38,39]. These symptoms appear more commonly 
among younger women [381, despite the exag- 
gerated levels of estradiol and total estrogens re- 
ported among premenopausal patients receiving 
tamoxifen [40], suggesting that estrogen defi- 
ciency per se is not a major contributor to vaso- 
motor symptoms in these patients. Although hor- 
mone replacement therapy is allowed for partici- 
pants in the British prevention pilot study [411, 
its efficacy in controlling vasomotor symptoms 
among women receiving tamoxifen has not been 
reported. Low dose megestrol acetate may be 
effective in controlling hot flashes in many pa- 
tients receiving tamoxifen 1423. However, the 
potential induction of cytochrome P-450 iso- 
zymes by hormonal medications, especially pro- 
gestational agents, suggests that the impact of 
these drugs on tamoxifen metabolism should be 
explored carefully before routine use of hor- 
monal supplements is undertaken among women 
receiving tamoxifen. 

Endometrial Cancer and 
Other Uterine Effects 

An increased risk of endometrial cancer asso- 
ciated with tamoxifen has been recognized since 
the late 1980s from both clinical and epidemio- 
logical studies. Follow-up of participants in the 
Stockholm Adjuvant Tamoxifen Trial by com- 
puter linkage to cancer registry records demon- 
strated a six-fold increase in endometrial cancer 
among women receiving 40 mg tamoxifen daily 
for two years compared to controls who did not 
receive tamoxifen [43]. However, second cancer 
information from other large, randomized adju- 
vant studies suggests that the risk of endometrial 
cancer associated with tamoxifen is lower, ap- 
proximately two- to three-fold [5]. Prospective 
follow-up of patients in the NSABP 8-14 adju- 
vant study found an annual hazard rate of 1.6 
cases per 1,000 patient-years in the randomized, 
tamoxifen-treated group, giving a relative risk of 
2.2 compared to population-based rates of endo- 

metrial cancer and of 2.3 compared to rates ob- 
served among participants in an NSABP surgical 
study who did not receive tamoxifen [441. This is 
consistent with the risk suggested by a small 
case-control study by Hardell [451 and a nested 
case-control study performed through the popu- 
lation-based Netherlands Cancer Registry [46]. 
Whether endometrial cancers developing among 
patients receiving tamoxifen are of different his- 
tologies [47] or of higher histological grade [48] 
than those occurring among women not exposed 
to the drug remains to be determined. 

A spectrum of endometrial abnormalities have 
been reported in patients receiving tamoxifen 
and have been attributed to the drug's estrogen 
agonist effects on postmenopausal endometrial 
tissue. Case control studies of breast cancer 
patients with postmenopausal bleeding by Neven 
et a/ .  [49] demonstrated a statistically significant 
increase in risk of endocervical and endometrial 
polyps and hyperplastic uterine mucosa at hys- 
teroscopy among patients receiving tamoxifen 
compared to controls (24-fold, 3.5-fold, and 5.2- 
fold, respectively). A second study among asym- 
ptomatic patients found a significantly increased 
risk of proliferative uterine mucosa among 
patients receiving tamoxifen compared to con- 
trols (2.9-fold) and confirmed the increased risk 
of endometrial polyps observed among the 
symptomatic patients. A cross-sectional hystero- 
scopic study of pre- and postmenopausal pa- 
tients receiving tamoxifen for 6 to 36 months 
described normal endometrial mucosa in 50% of 
patients, endometrial and/or endocervical polyps 
in 28%, focal or diffuse hyperplasia in 17%, and 
neoplasia in 4% [50]; an increasing rate of endo- 
metrial hyperplasia or neoplasia was associated 
with increasing cumulative dose of tamoxifen. A 
small prospective study by the same researchers 
suggested that over 50% of patients receiving 
tamoxifen develop endometrial changes ranging 
from mucosal proliferation to endometrial polyps 
and adenocarcinoma by an average of 16 months 
from initiation of the drug [51]. 

Histological studies based on endometrial 
sampling have addressed similar issues of 
endometrial abnormalities associated with ta- 
moxifen. A cross-sectional study of 38 postmeno- 
pausal women on tamoxifen for at least 12 
months revealed endornetrial abnormalities in 
18%, ranging from simple hyperplasia without 
atypia to complex hyperplasia with atypia [52]; 
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a prospective component of the study among 
asymptomatic women receiving tamoxifen, com- 
prising 11 patients with both pre-treatment and 
on-treatment biopsies, reported the development 
of similar endometrial abnormalities in 27% of 
patients during the study period. 

Screening for Uterine Pathology 

Studies combining noninvasive imaging tech- 
niques with hysteroscopy and/or endometrial 
sampling have attempted to correlate findings on 
transvaginal ultrasonography with histologically 
defined endometrial changes. Uterine volume, as 
determined by ultrasound, is increased among 
women receiving tamoxifen compared to controls 
[53,54], and uterine enlargement is more frequent 
among tamoxifen-treated patients [551. Increased 
endometrial thickness (>5 mm by ultrasound) 
has been reported in 85-90% of patients receiv- 
ing tamoxifen for more than 12 months [53,56] 
and in 46%-62% of patients receiving tamoxifen 
for varying periods of time [54,57]; differences 
are statistically significant compared to control 
patients without hormonal therapy or to post- 
menopausal women from the general population. 

Comparisons of histologic findings with ultra- 
sonographic measurements of endometrial thick- 
ness support a positive correlation between ab- 
normal thickness and histologic abnormalities. In 
Kedar's study [54] of postmenopausal women 
receiving tamoxifen, 39% had non-atrophic endo- 
metria on histologic examination; abnormalities 
included endometrial proliferation, atypical hy- 
perplasia, polyps, and the presence of mitotic 
cells. Women with these histologic findings had 
a significantly thicker endometrial width on ul- 
trasound, and the predictive value of an endo- 
metrial thickness of 28 mm for atypical hyperpla- 
sia or polyps was 100%. However, approximately 
half of the 43 tamoxifen-treated patients with 
endometrial thickness >5 mm evaluated by Lahti 
et al. [53] showed no pathologic findings at hys- 
teroscopy or on endometrial biopsy. These fig- 
ures do not take into account patients who could 
not undergo endometrial sampling or for whom 
pipelle sampling techniques yielded insufficient 
tissue for evaluation (over two-thirds of patients 
in one series [58]). 

Measurement of endometrial thickness by 
transvaginal ultrasonography may be confound- 
ed by effects of tamoxifen on other uterine tis- 

sues. Endometrial polyps, occurring in about 
one-third of patients receiving tamoxifen [53], 
may appear as multiple sonolucent areas within 
the endometrial hyperechoic area. Small sono- 
lucences in the proximal myometrium may pro- 
duce a heterogeneous appearance suggestive of 
polyps or thickening [591; this finding may occur 
more commonly than initially recognized [57] 
and may be associated with endometrial atrophy 
on histologic examination 1591. Methods for 
enhancing ultrasonographic evaluation of the 
endometrium in women receiving tamoxifen are 
clearly needed before this technology is used as 
routine surveillance for endometrial abnormali- 
ties among this group of patients. Similarly, the 
role of periodic endometrial sampling in endo- 
metrial surveillance among women on tamoxifen 
remains to be defined through randomized clini- 
cal studies. 

Other Second Primary Cancers 

In 1992, Arriagada et al. [60] reported a two- 
fold increase in adenocarcinomas (exchding con- 
tralateral breast cancers) among patients with 
early stage breast cancer who were receiving 
tamoxifen in the Stockholm Adjuvant Trial com- 
pared to controls. Most of this increase was at- 
tributed to endometrial cancers; however, an in- 
crease in adenocarcinomas of the gastrointestinal 
tract was also postulated. In an updated analysis 
of second primary cancers occurring among par- 
ticipants in this clinical trial, Rutqvist et al. [61] 
recently reported a nearly three-fold increase of 
gastrointestinal cancer anong women receiving 
tamoxifen. Only when data from two other Scan- 
dinavian adjuvant studies was combined with 
that from the Stockholm Adjuvant Tamoxifen 
Trial was an association between tamoxifen and 
specific gastrointestinal sites (colorectal cancer 
and stomach cancer) suggested. 

These reports are confounded by broad cate- 
gories of tumor types and by other methodologi- 
cal and analytical issues. Prospective follow-up 
of patients in the NSABP B-14 adjuvant study 
found an annual hazard rate of 1.7 cases of colo- 
rectal cancer per 1,000 patient-years in the ran- 
domized, tamoxifen-treated group-not statisti- 
cally different from the annual hazard rate of 1.6 
cases per 1,000 patient-years in the placebo 
group [44]. Similarly, long-term follow-up of par- 
ticipants in other large randomized controlled 
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adjuvant therapy trials in the United States and 
Europe has failed to suggest a potential increase 
in any gastrointestinal cancers associated with 
tamoxifen [62]. Current clinical observations 
which do not support an association between 
tamoxifen and second primary gastrointestinal 
cancers are consistent with the negative findings 
of animal toxicology studies regarding non-hepa- 
tobiliary gastrointestinal tumors [63]. 

CONCLUSIONS 

Tamoxifen's potential for chemoprevention of 
breast cancer is supported by demonstrated de- 
creases in contralateral breast cancers among 
women receiving the drug as adjuvant therapy 
for early stage breast cancer. Its efficacy in breast 
cancer chemoprevention among women without 
a prior breast cancer diagnosis but at increased 
risk of disease is currently under evaluation in 
large, randomized, controlled clinical trials in the 
United States and abroad. 

Challenges to further development of tamoxi- 
fen as a chemopreventive agent focus on the clin- 
ical acceptability of menopausal symptoms asso- 
ciated with its use, especially among younger 
women, and its long-term gynecologic effects 
including uterine cancer. While the addition of 
other hormonal therapy to tamoxifen (e.g., pro- 
gestational agents for contraception, control of 
menopausal symptoms, and potential prevention 
of endometrial cancer) is an attractive approach 
to these problems, further studies are needed to 
define safety and efficacy of hormone/drug com- 
binations before widespread clinical application 
occurs. 

The development and clinical testing of newer 
antiestrogens may give rise to compounds with 
activities similar to tamoxifen in breast tissue, 
bone metabolism, and lipid profiles, but with 
fewer and/or less serious side effects. Potential 
applications for the new antiestrogens and syner- 
gistic combinations of antiestrogens with other 
chemopreventive agents should be explored in 
prevention as well as in treatment of breast can- 
cer. 
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