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A DOSE-RESPONSE EVALUATION OF ANDROGENS I
IN THE TREATMENT OF
METASTATIC BREAST CANCER

RoserT W. TALLEY, MD,* CARLETON R. HaINes, mp,” M. NANCY WATERS, Bs,?
Ira S. GoLpeNBERG, MD,5 KENNETH B. OLrsoN, Mp" AND
Harry F. BiserL, mp**

A comparative double-blind clinical trial of two androgens; one. at two dose
levels the other at three dose levels, in the treatment of meiastatic breast
cancer, was conducted by 10 members of the Cooperative Breast Cancer
- Group. The two androgens studied were dromostanolone Ppropionate at 100
mg and 200 mg three times weekly and 7a-methyl-19-nortestostéerone acetate
at 10 mg, 33 mg, and 100 mg weekly: The latter compound is a much more
potent androgen and the hypothesis to be tested was whether or not a much
‘more potent androgen could induce a greater incidence of regressions.
The rates of regression observed in this study were as follows: dromostanolone
propionate at 100 mg, 22%, at 200 mg, 16% (the p value for the difference is
0.325); 7g-methyl-19-nortestosterone acetate at 10 mg, 15%, at 33 mg, 22%,
and at 100 mg, 28% (the differénce between the lowest and highest dose-
response rates being 0.05%). This study suggests that at least a log dose
| increase of a potent androgen is required to obtain an increased objective
remission rate, whereas a one tenth of a log dose increase of a weaker aridrogen
is not associated with an increased respomse rate. Abmormalities occurring
during therapy with 7g-methyl-19-nortestosterone acetate, whether drug- and/
or disease-related, decreased with increasing doses. The reason for this is not
clear. No difference in total survival was observed between any of the treatment
groups, but patients who had regressions had longer median survival than those
who were classified as failures to therapy.

been some, but not excellent, correlation be-

q NDROGENS HAVE BEEN TESTED AND STUDIED
extensively in the management of pa-
tients with recurrent breast cancer. There has
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tween the degree of androgenicity demon-
strated by these agents as compared with the
objective regression rate. In 1963, Campbell
et al? reported a new class of androgenic
steroids, one of which was 7q-methyl-19-
nortestosteronie acetate (NSC-69948). In rats;
Lyster and Duncan* found this compound to
be 6.5 times as activé as testosterone propi-
onate in stimulatihg seminal vesical growth
and 23 times as potent a myotropic agent.
Pilot studies in humans revealed this com-
pound to be a very potent androgenic com-
pound, and it seemed reasonable to use this
drug as therapy for advanced female breast
cancer.

In the present randomized, double-blind
study, 7a-methyl:19-nortestosterone acetate
was compared with dromostanolohe propion-
ate (Drolban®), NSC-12198, an agent with pre-
viously demonstrated efficacy in breast cancet.
Three doses of 7o-methyl-19-nortestosterone
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acetate (10 mg, 33 mg, and 100 mg) were
compared with two doses of dromostanolone
propionate (100 mg and 2000 mg). Dromo-
stanolone propionate was selected as the com-
parison agent, rather than testosterone pro-

_ pionate, because of its ready solubility in oil at

these two concentrations. The drugs were ad-
ministered intramuscularly three timés weekly.

Previously, 7a-methyl-19-nortéstosterone ace-
tate was studied at a dose level of 10 mg three
times per week, and a remission ratio of 6/25
(249,)- was noted.® In andther evaluation,’ the
drug was given at three dose levels, 31.6 mg,
50 mg, and 100 mg three times weekly; regres-
sions were observed in 5 of 16 patients, 13 of
whom were treated more than 2 weeks. There
appeared to be correlation between, incidence
of regression and degree of masculinization.

Ten principal investigators contributed a
total of 527 patients to the present study; 27
patlents were 1nehg1b1e according to protocol
criteria. Therefore, data on 500 of the 527 pa-
tients are included in this analysis.

The criteria and procedures followed in the
conduct of this study were according to Proto-
col I—“A Cooperative Study to Evaluate Ex-
perimental Steroids in the- Therdpy of Ad-
vanced Bieast Carcinoma.”? This protocol
requires the following:

1. The patient will have proven and pro-
gressive metastatic breast cancer.

2. No prior hormonal therapy; with the ex-
ception of oophorectorny, will have been
given.

- 8. Measurable lesions must be present; pres-
ence of osteoblastic lesions only is hot consid-
ered measurable. -

Classification of a patient having a regres-
sion depends on the following:

1. Fifty percent measurable lesions decrease
in size with no increase in size of any other
lesion and/or no new lesions developing.

2. Conversion of lytic bone lesions to os-
teoblastic lesions is a criterion of objective re-
gression.

8. A decreasé¢ in amount of effusion of
pleural or peritoneal cavities does not consti-
tute a regression.

4. Development of 1ncreased osteoblastlc
metastases in a patient having osteoblistic me-

* This is a statlstlcal usage of the term regression to
indicate a problem which considers the frequency dis-
tribution of one variable (in this case, regression rate)
when ancther variable (in this case, dosage) is held

- fixed at each of several levels. The term does not indi-
cate the regression of disease.

tastases as well as other measurable lesions a¢
onset of therapy is censidered a failure tq
therapy.

5. All patients treated are reviewed by two
outside investigators who make independent
judgments as to response or failure to therapy,

RESULTS

Compmzson of treatments: To 1nvest1gate
the extent to which patients receiving the five
treatments were comparable as to age, number
of years postmenopausal, duration of disease,
and dominant site of lesion, studies were
made by treatment according to these varia-
bles. No differences were noted between any
of these groups.

Regression rates: A main consideration in
evaluating a treatment is the obseérved regres-
sion rate. The highest regression rate was
observed with 100 mg of 7a-methyl-19-
nortestosterone acetate (28.29), and the low-
est rate (15.3%,) was observed with 10 mg of
the same agent; the dose of 38 mg produced a
regression rate of 22.3%,. The regression rate
with dromostanolone propionate was 22.49
for patients receiving 100 mg and 16.29, for
those receiving 200 mg (the p value for the
difference is 0.325). The difference observed
between these two dose levels may be ex-
plained in terms of random selection of pa-
tients. _

“The three dose levels of 7o-methyl-19-
nortestosterone acetate when tested for linear
regression® show significance (2 = 4.61, df =

‘1, p < 0.05). The relationship between regres-

sion rate and the logarithm of the dosage level
is statistically sigrificant, and the dosage-re-
sponse curve is essentially linear (Fig. 1).
Tables 1 dand 2 present regressmn ratios by
categories, based on dominant site of lesion
and number of years postménopausal. By defi-
nition, patients treated. on Cooperative Breast
Cancer Group protocols are classified accord-
ing to the lesion with the most orhirious prog-
nosis, i.e., patlents with local recurrence and
osseous metastases are classified as predoni:
nantly osseous metastases and patients with os-
seous metastases and lung, or liver, or brain
metastases are classified as predommantly vis-
ceral metastases. Thus, a patlent with a single
lung metastasis and numerous lytic bone me-
tastases, who shows healing of most of the
bone metastases and no change in the lung le-
sion, will have been classified as a regression.
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NSC 69948

20 -

® NSC 12198
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T B 1
10mg 33 mg 100mg

100 ing 200 mg '
Fe. 1. Dose-response ratios on a semi-logarithmic
plot. Percentage of patients tegressing for two -dose
levels of NSC-12198 and three dose levels of NSC-69948.
Percentage responding is indicated on the ordinate,
and dose is on the abscissa. NSC-12198 is presented as
1/10 the dose and NSC-69948 is presented as the actual
dose plotted on a logarithm scale. (Note: The factor
1/10 was arbitrarily selected:) :

<

The highest observed regression rate for pa-
tients classified as local, and the highest ob-
served regression rate for patients classified as

visceral, were observed in the group of pa-
tients treated with 100 mg of 7o-methyl-19-
nortestosterone acetate, 56.29, and 26.89,
respectively. The highest observed regression
rate for patients classified as osseous (38.59)
was in the group of patients treated with 100
mg of dromestanolone propionate. For pa-
tients in the less than one year postmenopausal
category, and for patients in the greater than
10 years postmenopausal category, the highest
observed regression rates, 409, and 30.8%, re-
spectively,  were 'in' the group of patients
treated ‘with 100 mg of 7o-methyl-19-
nortestosterone acetate. The highest regression
rate for patients in the 1 to 5 years postmeno-
pausal category (29.29,) was observed in the
group treated with 100 mg of dromostanolone
propionate; and the highest for patients in the
6 to 10 years postmenopausal catéogry (29.297)
was observed in the group treated with 33 mg
of 7a-methyl-19-nortestosterone acetate.
Duration of 1"eg1'ession: Data for duration of
regressions are crude estimates. The lowest
median duration of regression (6.6 months)
was observed in patients treated with 100 mg
of dromostanolone propionate; the highest
median duration of regression (12.2 months)
was observed in patients treated with 10 mg of
7o-methyl-19-nortestosterone acetate. Thus,
there is a discrepancy between the percentage
of regressions observed and the duration of re-
gressions. : '
Duration of therapy: The lowest median
duration of therapy (18.4 weeks) was observed
for 100 mg of 7a-methyl-19-nortestosterone

TaBLE 1. Regression Ratio (and Proportion Regressing), by Treatment, Dominant Site of Lesion, and Number

of Years Postmenopausal

. No. years postmenopausal
Dominant -
site of Castrated .
lesion <1yr. 1-5 yrs. 6-10 yrs. >10 yrs. - Total
"NSC-12198 (100 mg) ‘
Local 0/1 (=) 3/4  (0.75)  0/4 (—) 02 (—) 3/11 (0.27)
Osseous - (= 2/9  (0.22)  0/2  (—) 8/15  (0.53)  10/26 (0.38)
Visceral 174 (0.25*  2/11 (0.18)* 1/10 (0.10%  2/23 (0.09*  6/48 (0.13)
ToTar /5 (0.200  7/24 (0.29)  1/16 (0.06)  10/40 (0.25)  19/85 (0.22)
NSC-12198 (200 mg)
Local 0/2 (=) 02 (=) 02 (=) /6 (0.17) 1/12 (0.08)
Osseous 1/3(0.33)  2/4  (0.50)  2/7  (0.29) 4/14  (0.20)*  9/28  (0.32)
Viscera] 0/4 (—)* 2/11  (0.18)t 1/8 (0.13)* 0/17  (—)t 3/40  (0.08)
TotaL 1/9  (0.11) 4/17  (0.24) 3/17 (0.18) 5/37  (0.14) - 13/80 (0.16)

: One patient received less than 15 days of therapy.
+ =0 patients received less than 15 days of therapy.

hree patients received less than 15 days of therapy.
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TaBLE 2. Regression Ratio (and Proportion Regressing), by Treatment, Dominant Site of Lesion, and Number
of Years Postmenopausal

No. years po_stménbpausaﬁl

Dominant -
site of Castrated :
‘lesion <1 yr. 1-5 yrs. 6-10 yrs. >10 yrs. Total
' ' NSC-69948 (10 mg) ’ ~
Local 0/1 (=) 1/4  (0.25) ~ 1/4  (0.25) 1/6  (0.17) 3/15  (0.20)
Osseous 0/4 (=) 1/10  (0.10)  2/5  (0.40)*  4/21 (0.19) 7/40  (0.18)
Visceral 0/2 (=) 0/16  (—)t 1/10  {0.10) 6/28 (0.21)*  7/56  (0.13)
ToTAL 0/7 (=) 2/30  (0.07)  4/19 (0.21)  11/55 (0.20)  17/111 (0.15)
NSC-69948 (33 mg)
Local /1 (=) 0/2 (=) 2/6  (0.33) " 2/10  (0.20) 4/19  (0.21)
Osseous 0/1 (=) 1/7 (0.14) 2/4 (Q,S,O) 4/13  (0.31) 7/25 (0.28)
Visceral 0/6 (—)t  4/19 (0.21)  3/14 (0.21) 9/38 (0.24)t  16/77  (0.21)
ToTAL 0/8 (=) 5/28 (0.18)  7/24 (0.29)  15/61 (0.25)  27/121 (0.22)
NSC-69948 (100 mg)
Local 1/3  (0.33) "2/4 (0.50) — (—) 6/9  (0.67) 9/16  (0.56)
Osseous /2 (0.50) 1/7  (0.14)* 2/7  (0.29) 1/15  (0.07)'  5/31  (0.16)
Visceral 2/5  (0.40) 0/9 (—)*  4/14 (0.29)t - 9/28 (0.32)* -15/56  (0.27)

ToTaL 4/10 (0.40) 3/20 (0.15)

6/21 (0.29)  16/52 (0.31)  29/103 (0.28)

. * One pétiént received less than 15 days of therapy.

T Two patients received less than 15'days of therapy.
t Four patients received less than 15 days of therapy.

acetate and the highest (16.7 weeks) for 100
mg of dromostanolone propionate. '

Survival: Survival curves were constructed
from life-table analyses (Fig. 2). Fifty per cent
of patients given 100 mg of dromostanolone
propionate survived 10 to 11 moenths and 50%,
of patients given 200 mg of the same drug sur-
vived 9 to 10 months. With 7a-methyl-19-
nortestosterone acetate, 509, of patients given
10 mg survived 11 to 12 months, those given
33 mg survived 8 to 9 months, and those given
100 mg survived 8 to 9 months. As would be
expected from previous survival studies of pa-
tients receiving androgen therapy, patients
who experienced regressions had longer me-
dian survivals than the nonregressors for all
drug dosage regimens, - :

The median duration of survival of respon-
ders and nonresponders for each drug dose
category was as follows: '

dromostanolone propionate

100 mg responders 18+ months failures 7 to 9 months

200 mg responders 18+ months failures 6 to 7 months

To-methyl-19-nortestosterone acetate '
10 mg responders 214+ months failures 8 to 9 months

33 mg responders 24-25 months failures 8 months
100 mg responders 22 months failures 5 to 6 months

Abnormalities present during therapy: The
majority of abnormalities were due to virilism

induced by therapy with these androgens. In
general, it can be stated that the longer the
patient was on therapy the more likely she
was. to develop signs of virilism, Abnormalities
of severe or life-threatening degrees were de-
fined as those requiring discontinuance of
therapy or introduction of extreme therapeu-
tic measures to control symptoms. However,
not all abnormalities were drug-induced; some
were disease-induced. In the analysis of the
data, no distinction was made between the ab
normalities related. to the drug and those pro-
duced by disease. I

It is of interest that in patients treated with
dromostanolone propionate, the least potent
androgen, there were only five abnormalities
reported, involving three patients (3.5%,) who
received 100 mg (two patients had severe to
life-threatening symptoms), but 37 abnormali-
ties reported involving 22 patients (27.5%)
who received 200 mg (12 patients had severe
to life-threatening syinptoms).

In patients treated with 7o-methyl-19-
nortestosterone acetate, there was no dosere
lated increase in abnormalities as might have
been predicted. Thirty-eight abnormaliti€s
were reported involving 29 patients (26.1%)
who received 10 mg (14 patients had severe to
life-threatening symptoms); 20 abnormalities

.
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F1G. 2. Percentage of patients
surviving for specified numbers
of months after on-study (com-
puted by the life-table method)
—two dose levels of NSC-12198
(dromostanolone propionate)
and three dose levels of NSC-

69948 (7o-methyl-19-nortestoster- -
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were reported involving 16 patients (18.29)
who received 33 mg (9 patients had severe to
life-threatening symptoms) and 10 abnormali-
ties were reported involving 9 patients (8.79%)

who received 100 mg (three patients had

severe to life-threatening symptoms). The
relationship between the abnormality rate
and the dosage level of the 70-methyl-19-
nortestosterone acetate is highly significant (2
= 11.02, p < 0.01). However, it is difficult to
explain this, as the abnormalities due to drug
Were not separated from the abnormalities
due to disease. Also, since virilism in most an-
drogen therapy is related to duration of ther-
apy as well as dose, it is important to point
out that patients receiving 100 mg of 7a-
methyl-19-nortestosterone were on therapy a
median of only 18.4 weeks as compared to a
13.9 week median for patients receiving 10 mg
and a 15.7-week median for patients receiving
33 mg. Thus there is no adequate explanation
for all the discrepancies. :
Comparison of responders and nonrespond-
€rs: There were 105 patients who had regres-
sions and 395 patients who did not respond.
t 1s of interest to investigate the type of
Patient most likely to respond to these two
androgens. Age, number of years postmen-
Opausal, and duration of disease at on-study
Were compared, and, using the t-test for two

T T T |
36 39 42 45 48

independent groups, the differences observed
for these three variables were not statistically
significant.

Also, comparisons were made for these three
variables: age, number of years postmenopau-
sal, and duration of disease at on-study, ac-
cording to androgen and dosage regimen. No
significant differences were noted.

Using the median test, the median duration
of therapy for patients with remissions (42.2
weeks) was significantly greater (y2 = 100.6, p
< 0.01) than the median duration of therapy
for patients who did not respond.

Discussion

A comparative clinical trial was conducted
by members of the cooperative Breast Cancer
Group to investigate the relative clinical
eflicacy and dose-response of two androgens,
one at two dose levels, and one at three
dose levels. The primary criterion of clinical
efficacy was considered to be presence or ab-
sence of objective tumor regression; evalua-
tions made of each of the 500 patients were
subjected to review by two independent inves-
tigators. The study was double-blind, and all
patients were required to have demonstrated
metastatic carcinoma of the breast, which was

Talley et al. 319
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progressive at the time the patient was en-
tered on-study.

Two potent androgens were studied. One,
dromostanolone propionate, was studied at
dosage levels of 100 mg and 200 mg three
times per week, and was found to have an av-
erage regression rate of 19%,. No significant
differential effect of dosage was detected at the
dose levels included in this study.

The second androgen, 7o-methyl-19-
nortestosterone acetate, was studied at three
dosage levels: 10 mg, 33 mg, and 100 mg three
times weekly; this drug produced regression
rates that were progressively larger at succes-
sively higher doses. The relationship between
regression rate and the logarithm of the dose
level was statistically significant, and was es-
sentially linear. The proportion regressing (28
%), which was obtained at the highest dose of
7o-methyl-19-nortestosterone acetate, was the
largest proportion of regressions obtained
among the five dosage-agent treatment combi-
nations studied. -

EY

Androgens have been used empirically i
the management of advanced breast cancer for
three decades, and it has been difficult to de.
fine the exact mechanism of action. No cop.
trolled and evaluated dose-response has pre-
viously been reported, partly because of dif.
culties inherent in giving large doses of the
previously available androgens. The solubility
characteristics of 7o-methyl-19-nortestosterope
permitted a full log increase of the lowest doge
vs. the highest dose, and still permitted the
study to be carried out in'a double-blind tech.
nique. This study does confirm a preliminary
study of O’Bryan and Talley’ which suggested
that an increased dose of 7o-methyl-19.
nortestosterone acetate is associated with an
increased response rate. Further dose~response
studies with other androgens and estrogens
have been undertaken by the Cooperative
Breast Cancer Group and should yield impor-
tant information as to optimal dosage sched-
ules.
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