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CHART 2. Relation of dose of 17a-thioestradiol to proportion of
rats showing complete remission.

approximately equally distributed between sites of former tumors
and new sites, regardless of which drug had been used for treat-
ment.

RETREATMENT. A 2nd complete course of therapy (8 weeks)
with 17a-thioestradiol was given to 11 rats in which, following
a period of CR, actively growing masses were again palpable in
the mammary gland area. In 9 of these rats, none of the tumors
responded, even in 2 rats treated additionally with 2a-MDTP.
In 1 rat carrying a single N tumor, the tumor subsequently re-
gressed completely. In another rat, of 4 N tumors and 2 O tumors,
partial regression of 1 O tumor was the only effect of the 2nd
course of treatment. Thus, retreatment produced little additional
therapeutic effect in this small group.

Discussion

For testing the antimammary tumor activity of the large
number of available natural and synthetic steroids, various
hormone-sensitive tumor systems have been developed. They are
mainly rat or mouse transplantable tumors although they in-
clude several spontaneous or chemically induced tumors. A
comprehensive summary of experimental chemotherapy tests
with these systems was compiled by Rooks (13). Standardiza-
tion of the DMBA-induced mammary tumor-rat experimental
chemotherapy system has made possible the testing of hormonal
steroids in a system where (a) tumors are treated in the host of
origin, (b) tumors are well-established before initiation of treat-
ment, and (c) the induced mammary adenocarcinomas are known
to be sensitive to changes in hormonal environment, thus re-
sembling some human breast cancers.

Common to most tumor-host experimental chemotherapy
systems is the problem of the effects of drug-induced inanition
on tumor growth. Food restriction for 8 weeks to simulate the
effects of drug toxicity during therapy had a variable effect on
tumor size in the present system (unpublished data). In 3 test
rats (with a total of 8 tumors initially and 11 tumors at the
end of the 8th week), host weight losses of 40-50 gm (13-19%,
of initial weight) during this interval was accompanied by reduc-
tion in size of some tumors, while others continued to grow
rapidly in the same host. No rat was tumor-free at the end of the
12th week.
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TABLE 2
CoMPARISON OF DOSE AND DURATION OF TUMOR-FREE STATUS
oF RaTs TREATED i.m. WITH 17a-THIOESTRADIOL AT AN
INITIAL DOSE oF 40 mg/kg

G . Av. total % rats Total Duration of
roup No. of rats dose/rat %R“ dose/CR rat | tumor-free
(mg) (mg) status (wk.)

A 4 268 75 349 23

240 36

240 6

B 9 197 56 270 10

270 16

261 8

150 10

150 17

C 20 162 50 330 10

258 7

234 16

228 12

180 12

180 20

138 13

132 8

120 20

96 13

¢ CR, complete remission.

Partial remissions are important for certain interpretations of
antitumor effects or for rating the effectiveness of a group of
compounds. However, since all 5 steroids induced complete
regression of all tumors in at least some rats, complete remission,
and not lesser effects, will be discussed here. On that basis, 17a-
thioestradiol (given i.m. at 40 mg/kg/day, 5 times weekly for 8
weeks) appears to be an effective compound in that it consistently
produced complete remissions in from 4 to } of the rats in each
trial (Table 1).

It was reported that 17a-thioestradiol had 29, of the estrogenic
activity of estrone in the rat vaginal-smear assay and 19, the
potency of 17B-estradiol in the pituitary gonadotropin inhibition
test (F. J. Saunders, G. D. Searle & Co., personal communica-
tion). By comparison, 17a-estradiol has 0.3 the activity of
estrone in rats (18), and 178-estradiol is 5-10 times as active as
estrone (3). It would have been of interest to compare estrogenic
activity with antitumor effect, but insufficient data and lack
of direct evidence preclude such a comparison for the present.

Three factors to be considered in the therapy of established
mammary adenocarcinomas are: the percentage of CR produced
by a particular treatment, the duration of tumor-free status, and
the site of the tumor mass appearing after various intervals of
time.

In summary, the proportion of tumor-bearing rats showing CR
did not vary significantly among the 5 steroid treatments; nor
did the proportion of their tumors (appearing after various in-
tervals of time) among former (O) and new (N) sites. They were
equally distributed between old and new sites. However, the
duration of the period of complete remission appeared greater
in the group treated with 2a-MDTP. This longer period could
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TABLE 3

EFrFECTS OF 5 STEROIDS ON THE GROWTH OF EsTABLISHED DMBA%-INDUCED MAMMARY
ADENOCARCINOMAS IN RaATs

Dose® EFFECTS
No. or
SteRow Initial® (mg/kg/ | Av. totaly | 27 [ K = = g o
day) rat (mg) wt. gain
No. | %2 [No.| % |No.| % =S.D.
178-Estradiol 6.25 29 18 1267|528 1 5 9.3 +4.3
17a-Estradiol 6.25 38 19 7137|1316 9| 47| 7.7+ 5.9
17a-Thioestradiol 40.0 162 20 1050|210 8| 40 9.3 £ 5.3
TP 40.0 480 9 4 (44 (2(22| 3| 33| 19.7 £ 6.0
2a-MDTP 40.0 480 10 7/7]0| 0| 3| 30| 43.6 + 6.6
Sesame oil controls 0.2 ml/day 8 ml 19 0| 00| 0|19 100 | 23.8 + 10.7

a DMBA, 7,12-dimethylbenz (a) anthracene; CR, complete remission of all tumors; PR, partial re-
mission of all tumors; NR, nonresponder; TP, testosterone proprionate; 2a-MDTP, 2a-methyldihydro-

testosterone proprionate.
b All injections given i.m.

¢ See “Materials and Methods’’ for explanation.

4 x? test for homogeneity of drug effect revealed no significant difference among rates of CR (x* =

2.40, P > 0.05).
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CHART 3. Duration of tumor-free status of rats treated with 5
steroids. Numbers in parentheses represent median periods of
time (weeks).

not be attributed to effect of weight loss, because in fact the gain
in weight was conspicuously greater when this androgen was
given. However, when our total experience with 43 rats so treated
was compared with the rats in this series treated with the other
4 steroids, the apparent difterence was no longer detectable (no
significant difference at the 5% level).

Tumors appearing at new sites may be a continued expression
of the cancerigenic activity of DMBA. Metastasis from a tumor
which eventually regressed under treatment is unlikely, however,
for metastases are rare in this system. However, reappearance of
a tumor at the site of regression may reflect the failure of the
antitumor agent to suppress completely all tumor cells and
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thereby permit selective processes to proceed or provide a nidus
for future growth. The presence of multifoci within the same
microscopic area must also be considered.

17a-Thioestradiol, representing a new series of thiol deriva-
tives, and its congeners appear worthy of further investigation.
However, clinical trials with this compound may be limited.
Focal necrosis was produced by i.m. administration of 17a-
thioestradiol in preclinical pharmacologic tests in rats, dogs, and
monkeys (Dr. H. Schwartz, personal communication). Pursuant
to this communication, focal necrosis was seen in a number of
rats given injections and examined for this specific purpose.
This lesion had been overlooked previously because it was not
obvious or severe, and recovery was rapid.
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