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4-HYDROXYANDROSTENEDIONE IN BREAST CANCER
Table 2 Effect of p.o. 4-OHA treatment on mean (+SEM) serum level of LH, FSH, SHBG, testosterone (testo), S5aDHT, and androstenedione (A4A) in postmenopausal

women
The numbers in parentheses indicate the number of observations. Pre- and on-treatment samples were analyzed for the same patients in all cases.
250 mg in 1 dose 250 mg twice daily 250 mg 4 times daily
Hormone Units Pre On Pre On Pre On
LH 1U/liter 27.8 + 3.3 (10) 279+ 4.1 33.1+£6.5(9) 35.7+6.3 40.2 + 10.5 (10) 350+ 8.2
FSH 1U/liter 36.8 £ 3.0 (10) 36.1+3.5 379+ 7.6(9) 42,7+ 8.2° 40.6 £ 9.5 (10) 394+9.2
SHBG nmol/liter 81.5 + 12.2(10) 745+ 12.1° 60.0 + 9.5 (9) 558+ 8.7 77.0 + 12.4 (10) 464 +5.5°
Testo nmol/liter 1.08 £ 0.30 (8) 1.18 £ 0.28 1.15 + 0.30 (6) 1.24 £ 0.25 0.89 £ 0.20 (5) 1.40 £ 0.24
S5aDHT nmol/liter 0.40 £ 0.06 (10) 0.41 £ 0.10 0.33 +£0.07 (7) 0.31 + 0.06 0.40 + 0.07 (8) 0.42 + 0.07
AdA nmol/liter 1.73 £ 0.28 (10) 1.76 £ 0.31 1.62 + 0.38 (7) 2.08 + 0.22 1.94 + 0.43 (8) 2.99 + 0.59
“P<0.05.
b p<o0.01.
2o 250mg 500mg
80( 1\
7o}
60}
g 50
[
22 22 20 ® 18 1 I8 10 4 0 Il - 250mg § 30
nel8 8 14 (1] 3 " " 2 " 8 7 - S00mg
0O 7 W 21 28 35 42 49 5 63 70 20
DAYS ON TREATMENT
Fig. 3. Effect of i.m. 4-OHA every 2 weeks on mean serum estradiol levels in 10k
40 postmenopausal breast cancer patients. Bars, SEM. O, 250 mg; ®, 500 mg.
Arrows, time of injection.
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of suppression during the second and fourth weeks as being 0
84.5 and 83.7% maximal. An equivalent estimate for all patients 5 [
in the 250-mg group gives values of 85.5 and 87.6% maximal 3
. . . A g 30}
suppression, respectively. The subgroup with the higher pre- &
treatment estradiol levels is thus little different from the whole 20
group in this respect. E [
Twenty-nine of the patients that received p.o. therapy were 0
also included in the parenteral study. A comparison of the
estradiol suppression achieved by the two routes is made in Fig. . — - A . \ .
6. It can be seen that there was little difference in any of the six RE | 2 3 4 PRE | 2 3 4

subgroups after the change from p.o. to i.m. treatment. The
subgroups are too small to allow meaningful statistical analysis,
but an overall comparison of p.o. versus parenteral treatment
showed no statistically significant difference (P = 0.18).

After the first injection serum levels of 4-OHA were consist-
ently lower in the 250-mg group than in the 500-mg group
[approximately one-half (Fig. 7)). Peak levels occurred between
1 and 2 days after the first injection, but by day 4 levels had
fallen to less than one-half of the peak values. Thereafter the
fall in serum 4-OHA levels was slower and approximately log-
linear with an apparent half-life of between 5 and 10 days. After
the second and subsequent injections serum drug levels were
measured at weekly intervals and were found to show an in-
verted V pattern with lowest levels just prior to the next
injection (Fig. 8). For the 250-mg group the mean levels (+
SEM) at the midpoint between injections became progressively
higher (day 7, 2.4 + 0.2 ng/ml; day 63, 4.5 + 0.7 ng/ml). The
10 patients who completed 10 weeks of treatment on 250 mg
had similar serum 4-OHA levels during the first month of
therapy as the whole group. There was therefore no evidence
that a patient selection might be responsible for the progres-
sively higher serum levels.

WEEKS ON TREATMENT

Fig. 4. Individual serum estradiol levels in patients during the first 4 weeks of
treatment with 250 mg (left) or 500 mg (right) 4-OHA i.m. every 2 weeks. Top
and bottom, levels in patients with pretreatment serum estradiol levels >35 pmol/
liter and <35 pmol/liter, respectively.

Nine patients had either overt liver metastases or abnormal
liver function. The mean level of 4-OHA in the five treated
with 250 mg was 2.9 + 0.9 (SD) ng/ml after 7 days and in the
four treated with 500 mg was 6.2 + 6.6 ng/ml. The comparable
values of the other patients in the two groups were 2.3 + 0.9
and 5.6 = 2.5 ng/ml, respectively. There was no significant
difference in the levels according to the presence or absence of
liver disease.

The data were examined to determine whether there was any
correlation on days 1, 7, 14, 21, and 28 between 4-OHA
concentrations and the suppression of estradiol levels, when the
latter were expressed as absolute concentrations or as percent-
ages of pretreatment. No significant relationship was found for
either dose on any of these days.

Serum levels of estrone were measured by GCMS in 9 pa-
tients before and during treatment with either 250 mg (n = 5)
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Fig. 5. Estimation of mean quantitative importance of recovery phenomenon
in patients treated with 250 mg 4-OHA i.m. every 2 weeks and pretreatment
estradiol levels >35 pmol/liter. The points at days 7 and 21 are taken as being
the mean minimal on-treatment estradiol level after the first and second injection.
8, degree by which suppression is submaximal during the second week after
injection, quantified as a percentage of the oblongs enclosed by the dashed lines.
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Fig. 6. Comparison of the effect of p.o. and parenteral 4-OHA treatment on
mean serum estradiol levels. Bars, SEM. Top, middle, and bottom, patients who
received 250 mg in 1 dose, 2 doses or 4 doses p.o. daily, respectively. Left and
right, those who transferred to 250 or 500 mg i.m. every 2 weeks, respectively.

or 500 mg 4-OHA every 2 weeks. On-treatment levels were
made after at least 21 days of therapy (range, 21-36 days).
Levels were suppressed in all patients, the mean fall being from
82.3 + 10.3 [SEM] to 33.0 + 9.2 pmol/liter, i.e., to a mean
40.3 + 7.0% of baseline [P = 0.001 (Fig. 9)). The serum
estradiol levels in these same patients were suppressed to a
mean 29.4% of baseline at the same time points. There was no
statistically significant difference in any of the androgen levels
between samples taken prior to treatment and those taken on
day 21 of i.m. therapy with either dose of 4-OHA (Table 3).

DISCUSSION

Endocrine treatment is the favored first line therapy for breast
cancer in tumors identified as estrogen receptor positive, largely

20

40HA (ng/mi)

Fig. 7. Mean serum levels of 4-OHA after a single i.m. injection of 250 mg
(-=---) or 500 mg (——) 4-OHA. Bars, SEM. The numbers of observations made
at eact time point are indicated alongside the bars.
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WEEKS ON TREATMENT

Fig. 8. Mean serum levels of 4-OHA 7 and 14 days after repeated 2 weekly
i.m. injections with 250 or 500 mg 4-OHA. Bars, SEM. The numbers of obser-
vations made at eact time point are indicated alongside the bars.

125¢

100
Estrone
pmol/L

75}

50+

25

—
PRE ON

Fig. 9. Effect of 4-OHA i.m. every 2 weeks on serum estrone as measured by
GCMS. @, 250 mg; O, 500 mg. ¢ test, P = 0.001.

Table 3 Efffect of i.m. 4-OHA treatment on mean (+SEM) serum levels of
testosterone, androstenedione (A4A), and 5aDHT (nmol/liter)

On-treatment levels were measured on day 21 of therapy. The numbers in
parentheses indicate the number of observations.
250 mg 500 mg

Hormone Pre On Pre On

Testosterone 0.78 + 0.09 (10) 0.75 +£0.07 1.35+0.29(9) 1.09+0.17
5aDHT 0.38 + 0.06 (10) 0.38 + 0.04 0.41 +0.05(9) 0.41 = 0.07
AdA 1.67 £ 0.26 (10) 1.97 £ 0.40 1.87 £0.35(9) 1.59+0.27

as a result of the low toxicity of the medical regimens now
available. Aromatase inhibition with aminoglutethimide
achieves a similar profile in terms of clinical efficacy to the
antiestrogen tamoxifen (20, 21), which has become the bench-
mark for new endocrine treatments, but aminoglutethimide has
significant side effects (8, 9) and requires concurrent glucocor-
ticoid administration for maximal effectiveness (6). Our earlier
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reports (10, 11, 13, 14) indicate that 4-OHA is a potent, specific
aromatase inhibitor with few significant clinical side effects
when given by either the p.o. or i.m. route. In this report we
have continued to use the suppression of serum estradiol levels
as a marker of the effectiveness of aromatase inhibition with 4-
OHA and have conducted pharmacokinetic analyses as well as
clarifying a number of endocrine questions which we had not
approached previously.

We have shown in an earlier report that in 6 patients receiving
500 mg 4-OHA p.o. for 7 days, serum estradiol levels were
suppressed to 44.5 + 7.9% of baseline which was not signifi-
cantly different from that after 500 mg i.m. (11). Although
there was no significant difference between the suppression
achieved by 250- and 500-mg p.o. daily, in that report the trend
was in favor of a greater effect at the higher dose (to 58.3 +
6.1% of baseline with 250 mg; 50.8 + 7.9% with 500 mg). In
the current study a comparison of 250 mg given once, twice, or
four times daily was made but interprétation of the data was
complicated by the higher pretreatment estradiol levels in the
twice daily group. Nonetheless, the suppression with 250 mg/
day was very similar to that achieved with 1000 mg/day. This
lower dose therefore appears to be an acceptable dose for
therapeutic study. To confirm that this is the minimal dose
which achieves maximal estradiol suppression, we are conduct-
ing a further pharmacoendocrine study to compare 62.5, 125,
250, and 500 mg 4-OHA p.o. daily.

The measurement of serum 4-OHA levels has demonstrated
that the drug is rapidly absorbed and reaches mean peak levels
at approximately 90 min after administration. There was very
marked variability in levels of 4-OHA between patients. Thus,
a 10-fold difference existed between the highest and lowest peak
levels. It is likely that there are many determinants of this
variability. Although the heaviest patient (109 kg) had the
lowest peak values, weight was not closely related to 4-OHA
levels, and the degrees of absorption and metabolism during
first pass through the liver also probably affect circulating levels.

It has been demonstrated that 4-OHA-G is the major metab-
olite of 4-OHA (22) and we have shown here that the circulating
levels of the conjugate are between 5- and 100-fold higher than
free-drug 90 min after dosing. The variability of conjugate levels
was markedly less that that for the free drug. This may relate
to variability in absorption and in first pass liver metabolism of
the drug.

The half-life of about 3 h for the parent compound leads to
levels which are largely undetectable (<0.8 ng/ml) 24 h after a
250-mg p.o. dose. This may, however, be relatively unimportant
in the light of the irreversible nature of the inhibition by this
drug of aromatase (12). The data in Table 1 indicate that there
is continued progressive estradiol suppression during the first
24 h of treatment with a single dose of 250 mg daily despite
this rapid clearance of 4-OHA from the blood.

We have found previously that parenteral treatment does not
affect serum LH, FSH, or SHBG levels (13). In this study oral
treatment had no effect on LH and the minor, statistically
significant increase in FSH levels at the dose of 250 mg twice
daily seems likely to have been a chance observation since the
highest dose had no effect. However, there was a very marked
suppressive effect on SHBG with the highest p.o. dose. This is
probably a reflection of the minor androgenic activity of the
compound which has been noted in vitro (23) and in rats in vivo
(24) but had not been found previously in our human studies.
The importance of this is marginal since the lower dosages
which are likely to be used therapeutically had only a minor
effect on SHBG levels. The occurrence of this change in SHBG

by p.o. but not parenteral treatment is probably due to the high
levels of drug presented by p.o. treatment to the liver, the organ
of SHBG synthesis.

The levels of androstenedione, testosterone, and SaDHT
were not significantly affected by either p.o. or parenteral
therapy. It therefore seems unlikely that the effect of high doses
of the drug on 178-hydroxysteroid dehydrogenase and Sa-
reductase which have been noted in vitro (23, 25) will be of any
importance to the pharmacological activity of 4-OHA at ther-
apeutic doses in postmenopausal breast cancer patients.

Comparison of 250 mg with 500 mg 4-OHA given i.m. every
2 weeks indicates that the lower dose may be slightly suboptimal
in terms of estradiol suppression since there is an increase in
mean estradiol levels prior to the next injection which was
statistically significant during the first month of treatment but
also apparent after the fourth and fifth injections. It was also
clear, however, that this recovery phenomenon was most ap-
parent in those patients with the higher pretreatment levels of
estradiol (>35 pmol/liter). It may therefore have been consid-
ered that these patients might benefit from higher dose treat-
ment but the observations that 3 of the 6 responders to treat-
ment with 250 mg every 2 weeks were in the group with
pretreatment levels >35 pmol/liter and that only 1 of these 3
responders had estradiol levels which -were suppressed consist-
ently below 20 pmol/liter throw doubt on the significance of
the recovery of estradiol levels.

The estimates of the quantitative importance of recovery in
the groups with pretreatment levels of estradiol above and below
35 pmol/liter may provide an explanation for the apparent lack
of importance of the suboptimal estradiol levels. Firstly, the
estimates indicate that the suppression is suboptimal by only
about 16% during the second weeks after injection and over the
2-week injection period this will amount to about 8%. Indeed,
this may be a high estimate since the recovery may follow a
concave exponential function rather than a straight line. Sec-
ondly, the proportional recovery is similar between the group
with higher estradiol levels and the group as a whole. In a Phase
II study of 250 mg i.m. every 2 weeks the response rate was
identical (33%) to that in a previous study of higher dose (500
mg weekly) treatment. The incidence of pain and sterile abscess
formation at the injection side was, however, substantially
reduced at the lower dose.* In the light of the clinical efficacy
of the lower dose of 4-OHA, the lower incidence of side effects
and the marginal nature of the submaximal suppression of
estradiol, 250 mg i.m. every 2 weeks would appear to be the
optimal parenteral dose.

The long half-life of 4-OHA after i.m. administration indi-
cates that a depot of drug is formed. The release of the com-
pound from the depot appears to be more rapid during the first
few days than after 4 days; the levels fall by about 50% between
days 2 and 4 but thereafter the apparent half-life is approxi-
mately 5-10 days. The much lower levels of drug during the
few days prior to the next injection undoubtedly relate to the
recovery of estradiol levels. We previously published prelimi-
nary data from 6 patients indicating that the circulating levels
of 4-OHA were directly related to the maintenance of estradiol
suppression-recovery to above 50% of pretreatment levels did
not occur until levels had fallen below 3 ng/ml (11). In this
current study there were 6 patients receiving 250 mg every 2
weeks who showed this degree of recovery during the first 2
weeks of treatment, and their serum levels of 4-OHA at the

4R. C. Stein, M. Dowsett, A. Hedley, J. Davenport, and R. C. Coombes.
Treatment of advanced breast cancer in postmenopausal women with 4-hydrox-
yandrostenedione, submitted for publication.
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time of recovery ranged between 0.6 and 2.3 ng/ml. This
supports our original observation although there was no statis-
tical correlation between serum levels of 4-OHA and estradiol.

After the first injection the ratio of serum 4-OHA levels
between groups receiving 250 and 500 mg every 2 weeks was
approximately 1/2. The finding that the ratio increased as
treatment proceeded was unexpected and remains unexplained.
It was not due to a selection process whereby those patients
who had the highest 4-OHA levels remained on treatment
longer. With the long half-life of the injected drug the apparent
accumulation with the 250-mg group is more in line with
expectations than the more static levels of the 500-mg group.
This difference in pattern between the two doses may relate to
population variability or it might reflect greater induction of
metabolizing enzymes at the higher dose.

Our earlier finding that estrone levels as measured by radio-
immunoassay did not suppress with 4-OHA treatment was open
to a number of explanations (13). The current demonstration
that levels measured by GCMS are consistently suppressed on
parenteral therapy to a degree similar to that found with estra-
diol indicated that the earlier result was due to a cross-reacting
unidentified metabolite of 4-OHA which cochromatographs on
Lipidex 5000 and that inhibition of aromatase by 4-OHA
affects estradiol and estrone levels equally.

In conclusion, these data indicate that 4-OHA achieves max-
imally effective estradiol suppression at a p.o. dose of 250 mg
daily and at a parenteral dose of 500 mg every 2 weeks. Further
study of lower p.o. doses is indicated. The slightly submaximal
suppression achieved by 250 mg i.m. every 2 weeks is probably
not clinically significant and the lower incidence of local side
effects and the demonstrable clinical efficacy of this lower dose
leads to its selection as the optimal parenteral dose. The only
endocrine side effect encountered is the androgenic effect on
SHBG levels when the drug is given p.o. This effect is small at
doses which will be used therapeutically and no clinical andro-
genic symptoms such as hirsutism were observed at any dose.
Apart from pharmacokinetics which are not ideal for the p.o.
route of administration, 4-OHA continues to fulfil the criteria
of an ideal aromatase inhibitor.
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