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average tumor size observed with tamoxifen at both the 150-ug (Fig.
3A) and 400 pg (Fig. 3B) doses. The present demonstration of a
stimulatory effect of tamoxifen on human breast cancer growth is in
agreement with previous data obtained in human breast cancer cell
lines in vitro (17-19, 22) as well as in vivo in nude mice (20, 21). The
present experimental data are also in agreement with clinical obser-
vations suggesting the stimulatory effect of tamoxifen on breast
cancer in women (23-28). Particularly convincing evidence of the
estrogenic activity of tamoxifen is also provided by the finding that
human breast cancer cell lines showing resistance to tamoxifen retain
their sensitivity to specific or pure antiestrogens in vitro (22, 29-31)
as well as in vivo in nude mice (21, 32, 33).

In the present model, EM-800 was administered to OVX mice
supplemented with estrone to provide a constant source of estrogens
and to avoid the compensatory increase in ovarian estrogen secretion
that occurs when the compound is administered to otherwise untreated
intact animals. Because of its pure antiestrogenic activity, EM-800
administered to intact mice causes an increase in gonadotropin secre-
tion by the anterior pituitary gland, which leads to increased ovarian
estrogen secretion.> This phenomenon results from inhibition of the
negative feedback action of estrogens at the hypothalamic level. The
particularly large size of the tumors at start of treatment (31 * 0.8
mm?) probably explains the lack of complete reversal of the effect of
estrone by EM-800 as observed in other studies (36).

Although adjuvant treatment with tamoxifen delays breast cancer
recurrence and improves survival in early breast cancer and induces
remission in patients with advanced disease, its benefits are frequently
limited by the development of tamoxifen resistance (37). Similarly, in
the in vivo model using nude mice, tamoxifen inhibited MCF-7 tumor
growth for 4—6 months, but tumor growth then continued despite
tamoxifen treatment (33, 38). In analogy with the present data, Got-
tardis et al. (20) have observed the acquired ability of tamoxifen to
stimulate rather than to inhibit tumor growth. Because, as mentioned
above, pure antiestrogens can inhibit the stimulatory effect of tamox-
ifen (21, 32, 37), such data suggest that the stimulatory effect of
tamoxifen upon long-term treatment is due to the intrinsic estrogenic
activity of the compound or its metabolites (39).

Treatment of nude mice bearing MCF-7 xenografts with 10 mg of
ICI 182780 once a week led to a transient decrease of tumor size,
followed by a plateau of no change for about 200 days, followed by
progression (21). In mice treated with ICI 182780, regrowth of tumors
or resistance to ICI 182780 occurred in most tumors (21).

It is of interest to mention that, of all of the compounds tested, the
novel nonsteroidal pro-drug EM-800 and its active metabolite EM-
652 exert the most potent antagonistic effects on estradiol-induced
proliferation in T-47D, ZR-75-1, and MCF-7 human breast cancer
cells in culture (9). Furthermore, the absence of a stimulatory effect on
basal cell proliferation in the three estrogen-sensitive human breast
cancer cell lines used shows that EM-652 and EM-800 are pure
antiestrogens devoid of partial agonist activity in human breast cancer
tissue. It was also of interest to observe that the antiestrogenic activity
of EM-652 and EM-800 on E,-induced cell proliferation in T-47D
cells is at least two orders of magnitude more potent than tamoxifen,
2.5- to 3.6-fold more potent than OH-tamoxifen, and 3.8-, 2.7-, and
16.3-fold more potent than OH-toremifene, ICI-182780, and ICI
164384, respectively. On the other hand, EM-800 was 46-fold more
potent than Droloxifene in inhibiting E,-induced T-47D cell prolifer-
ation. As mentioned above, EM-800 and EM-652 have no estrogenic
activity in the three breast cancer cell lines studied, whereas OH-

3 C. Labrie, unpublished observations.
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tamoxifen, Droloxifene, and Toremifene cause a significant stimula-
tion of ZR-75-1 and MCF-7 human breast cancer cell proliferation (9).

The stimulatory effect of tamoxifen or OH-tamoxifen on human
breast cancer cell growth has been reported previously by many
laboratories under in vitro (2, 17, 18, 40-48) as well as in vivo (20)
conditions. Such intrinsic estrogenic activity of tamoxifen is likely to
limit its success in the treatment of breast cancer in women (49). In
addition to the data mentioned earlier, the estrogenic action of tamox-
ifen in breast cancer in women is supported clinically by the tumor
flare observed at start of therapy (50-52). This early stimulatory
effect of tamoxifen is analogous to the present data showing a stim-
ulatory effect of the same drug on the growth of ZR-75-1 xenografts.
The withdrawal response observed following arrest of tamoxifen in
patients who progress under tamoxifen therapy (24, 25) can also result
from the estrogenic activity of tamoxifen. The resistance that develops
during long-term treatment with tamoxifen could involve other mech-
anisms, such as changes in metabolism.

It seems reasonable to expect that the availability of a pure anties-
trogen, in addition to avoiding the risk of inducing endometrial
carcinoma (53), should show significant benefits over tamoxifen in
the treatment of breast cancer. In fact, due to the unsatisfactory
characteristics of the drugs available, only partial blockade of estro-
gens could thus far be achieved in women suffering from breast
cancer, whereas the role of estrogens in this disease is unlikely to have
been satisfactorily evaluated. In view of the particularly high potency
of this new antiestrogen and its highly specific antiestrogenic charac-
teristics illustrated in estrogen-sensitive human breast cancer cells
both in vitro (9) and in vivo (this report), it is hoped that achieving a
more complete blockade of the action of estrogens could result in a
more rapid, more complete, and longer-lasting inhibition of breast
cancer growth.
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