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hile dramatic decreases in the mortality of
Wheart disease, the major fatal disease in the
United States, have occurred since 1950,
there has been a slight but measurable increase in the
cancer mortality rate since 1950 in this country. The
reasons for the former precipitous decline in death
from heart disease are a balanced combination of pre-
vention and early detection of risk factors combined
with improved treatment modalities. While improved
treatment modalities of neoplasia have led to signifi-
cant decreases in certain cancers such as that of testis,
Hodgkin’s disease, acute lymphatic leukemia in chil-
dren, and several other cancers, mortality rates from
the major cancers, namely lung, breast, prostate, and
colon, have either increased or not changed during this
period (1). Since the treatment arm of cancer control
has not exhibited the dramatic successes seen in, for
example, heart disease therapy, many have and are
advocating the importance of cancer prevention.
Cancer prevention may be designated as either ac-
tive or passive (2) in one context or as primary and
secondary prevention (3) in another. Avoiding poten-
tial carcinogens by quitting smoking, altering diet, and
decreasing sunlight exposure are examples of passive
or primary prevention. Active or secondary preven-
tion requires patient intervention such as screening,
other diagnostic methods for early precancer, or the
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active administration of agents which inhibit the de-
velopment of the neoplastic process. This latter field
has been termed chemoprevention, a word originally
coined by Sporn and Newton in reference to the effect
of retinoids in preventing experimental neoplasia (4).
Since that time the application of chemoprevention
has been extended to a number of human clinical trials
using a variety of agents for the chemoprevention of a
number of different types of neoplasms (5). One of the
most recent and certainly the most highly publicized
chemoprevention trials involves the use of the anties-
trogen, tamoxifen, for the prevention of breast cancer
in patients at risk for developing the disease but who
are clinically free of the disease. The extensive clinical
experience with tamoxifen as an adjuvant therapy for
the prevention of the recurrence of breast cancer in
patients treated for the disease was a major factor in
the development of this trial (6). In addition, the ex-
tensive evidence that tamoxifen prevents carcinogen-
esis in the experimental animal (7) offered a model on
which to base such therapy. Tamoxifen therapy has
been beneficial in non-neoplastic conditions as a po-
tential prevention for osteoporosis (8, 9) and decreases
the risk of cardiovascular disease by lowering low-
density lipoprotein cholesterol levels in postmeno-
pausal women (10, 11).

As with any therapy there is always a related risk.
However, the question has arisen as to whether the
evaluation of risk should be different for disease pre-
vention than for cancer therapy. This question of in-
creased risk of inducing disease by tamoxifen is based
primarily but not exclusively on animal experimenta-
tion. Tamoxifen may be a risk factor for thromboem-
bolic events, as has been implicated from studies of
the use of this antiestrogen in the therapy of advanced
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breast cancer (12). In the ongoing trials, women with a
history of clotting disorders are excluded, thus largely
obviating this potential risk factor. However, recent
findings by Fisher and his colleagues (13) indicate that
there is an increased risk of endometrial cancer fol-
lowing tamoxifen therapy. In rodents, especially rats,
tamoxifen is a tumor promotor for hepatocarcinogen-
esis (14). Chronic high doses of tamoxifen given by
gavage for periods of 12 months or more induce hepa-
tocellular carcinomas in rats (15, 16). In addition, ta-
moxifen administration induces the appearance of
DNA adducts whose structure is as yet unknown (16,
17). Recently, our laboratory demonstrated that the
administration of a single dose of tamoxifen (0.3-35
mg/kg) by gavage 24 h after a 70% partial hepatectomy
induced a very high rate of aneuploidy and chromo-
somal disruption in hepatocytes cultured 24 h follow-
ing tamoxifen administration (18). Thus, at very high
doses, tamoxifen is hepatocarcinogenic in the rat with
the formation of DNA adducts and, at doses used
pharmacologically in the human, is clastogenic in vivo.

The following two articles, each written by an ex-
pert in the field, discuss both sides of this controver-
sial question. The chemoprevention trial of tamoxifen
is ongoing, involving thousands of women in the
United States and Great Britain. While every under-
taking of an individual or a population involves both
a benefit and a risk, this ratio has significant impli-
cations in the tamoxifen and other chemoprevention
trials.

1. Henderson BE, Ross RK, Pike MC. Toward the primary pre-
vention of cancer. Science 254:1131-1138, 199].

2. Pitot HC. Multistage carcinogenesis—genetic and epigenetic
mechanisms in relation to cancer prevention. Cancer Detect
Prev 17:567-573, 1993.

3. Weinstein IB. Cancer prevention: Recent progress and future
opportunities. Cancer Res 51(Suppl):5080S-5085S, 1991.

4. Tanaka T. Cancer chemoprevention. Cancer J 5:11-16, 1992.

5. Greenwald P, Kelloff G. The chemoprevention of cancer. In:
Fortner JG and Rhoads JE, Eds. Accomplishments in Cancer
Research. 1992. Philadelphia: J.B. Lippincott Co. pp242-264,
1993.

140 TAMOXIFEN CONTROVERSY

10.

14.

15.

16.

17.

18.

. Jordan VC. A current view of tamoxifen for the treatment and

prevention of breast cancer. Br J Pharmacol 110:507-517, 1993.

. Jordan VC, Lababidi MK, Langan-Fahey S. Suppression of

mouse mammary tumorigenesis by long-term tamoxifen ther-
apy. J Natl Cancer Inst 83:492-496, 1991.

. Zylberberg B, Dormont D, Perrot N, Uzan S. Breast cancer:

Effect of tamoxifen on the mineral density of bone. Eur J Obstet
Gynec Reprod Biol 52:147-148, 1993.

. Ward RL, Morgan G, Dalley D, Kelly PJ. Tamoxifen reduces

bone turnover and prevents lumbar spine and proximal femoral
bone loss in early postmenopausal women. Bone Mineral
22:87-94, 1993.

Bagdade JD, Wolter J, Subbaiah PV, Ryan W. Effects of ta-
moxifen treatment on plasma lipids and lipoprotein lipid com-
position. J Clin Endocrinol Metab 70:1132-1135, 1990.

. Love RR, Weibe DA, Newcombe PA, Cameron L, Leventhal

H, Jordan VC, Feyzi J, DeMets DL. Effects of tamoxifen on
cardiovascular risk factors in postmenopausal women. Ann In-
tern Med 115:860-864, 1991.

. Jones AL, Powles TJ, Treleaven JG, Burman JF, Nicolson MC,

Chung H-I, Ashley SE. Haemostatic changes and thromboem-
bolic risk during tamoxifen therapy in normal women. Br J Can-
cer 66:744-747, 1992.

. Fisher B, Costantino JP, Redmond CK, Fisher ER, Wickerham

DL, Cronin WM. Endometrial cancer in tamoxifen-treated
breast cancer patients: Findings from the National Surgical Ad-
juvant Breast and Bowel Project (NSABP) B-14. J Natl Cancer
Inst 86:527-537, 1994.

Dragan YP, Xu Y-D, Pitot HC. Tumor promotion as a target for
estrogen/antiestrogen effects in rat hepatocarcinogenesis. Prev
Med 20:15-26, 1991.

Greaves P, Goonetilleke R, Nunn G, Topham J, Orton T. Two-
year carcinogenicity study of tamoxifen in Alderley Park
Wistar-derived rats. Cancer Res 53:3919-3924, 1993.

Hard GC, latropoulos MJ, Jordan K, Radi L, Kaltenberg OP,
Imondi AR, Williams GM. Major difference in the hepatocarci-
nogenicity and DNA adduct forming ability between toremifene
and tamoxifen in female Crl:CD(BR) rats. Cancer Res
53:4534-4541, 1993.

White INH, de Matteis F, Davies A, Smith LL, Crofton-Sleigh
C, Venitt S, Hewer A, Phillips DH. Genotoxic potential of ta-
moxifen and analogues in female Fisher F344/n rats, DBA/2 and
C57BL/6 mice and in human MCL-5 cells. Carcinogenesis
13:2197-2203, 1992.

Sargent LM, Dragan YP, Bahnub N, Wiley JE, Sattler CA,
Schroeder P, Sattler GL, Jordan VC, Pitot HC. Tamoxifen in-
duces hepatic aneuploidy and mitotic spindle disruption after a
single in vivo administration to female Sprague-Dawley rats.
Cancer Res (in press).



