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Summary. Aminoglutethimide is an aromatase inhibitor
that is successfully used for endocrine treatment of ad-
vanced breast cancer. This drug also stimulates the activity
of hepatic mixed-function oxidases, increasing the metab-
olism of several drugs, including warfarin, digitoxin, an-
tipyrine and theophylline. It also increases the plasma
clearance rate of oestrone sulphate. As this oestrogen may
be an important substrate for tumour cells, stimulation of
oestrone sulphate metabolism may be a component of the
mechanism of action of aminoglutethimide.

Introduction

Aminoglutethimide is a drug that is successfully used in
the endocrine treatment of advanced breast cancer. The
drug was initially introduced for treatment of breast cancer
in an attempt to achieve a “medical adrenalectomy” [3].
More recent studies have shown adrenal steroid output to
remain stable [25, 30, 32}; however, aminoglutethimide
inhibits postmenopausal oestrogen production by blocking
the main pathway of oestrogen synthesis, aromatisation of
androstenedione intc oestrone [26]. Whereas in vivo iso-
tope tracer studies have reported aromatisation to be inhib-
ited by 92%-98% [6, 26], plasma oestrogens are usually
suppressed by only about 50% {5, 27, 32]. Amino-
glutethimide causes a response rate of about 30% among
unselected postmenopausal breast cancer patients [ 12].
Another aromatase inhibitor, testololactone, was found
to inhibit in vivo aromatisation by about 90% [2]. Howev-
er, testololactone treatment causes a response rate of only
10%~-14% in postmenopausal breast cancer {33]. It is
tempting to speculate that the different response rates for
aminoglutethimide and testololactone could be related to
biochemical effects other than aromatase inhibition.
Aminoglutethimide may induce drug metabolism
[14, 15, 17]. Many drugs and steroids are metabolized by
similar hepatic enzyme systems [4]. For this reason, we

have studied the influence of aminoglutethimide on oestro-
gen metabolism. The findings that aminoglutethimide in-
creases the oestrone sulphate clearance rate [18] and
changes the urinary oestrogen metabolite profile [13] sug-
gest that this drug could influence oestrogen disposition by
mechanisms unrelated to aromatase inhibition.

This paper summarizes the results of our studies on the
influence of aminoglutethimide on drug and oestrogen me-
tabolism. Several important drug interactions and the pos-
sible implications of aminoglutethimide stimulation of
oestrogen metabolism are discussed.

Patients and methods

Patients. During the period between 1983 and 1988, a total of 65 patients
were studied for a possible influence of aminoglutethimide on drug or
oestrogen metabolism. All of these patients received aminoglutethimide
therapy for advanced breast cancer. One patient had two possible drug
interactions evaluated. Many patients who took part in the oestrogen
tracer studies had more than one parameter evaluated on each occasion.
Each patient was studied in a control situation (either before or 3—4
weeks following cessation of aminoglutethimide treatment) and during
steady-state aminoglutethimide therapy.

The possible influence of aminoglutethimide on digitoxin or
theophylline (and, in two patients, warfarin) disposition was examined in
patients receiving these drugs therapeutically. Otherwise, the patients
received a single test dose of the drug to be investigated (antipyrine or
warfarin) or an oestrogen tracer (oestradiol or oestrone labelled with
carbon 14 and/or tritium-labelled oestrone sulphate) before and during
chronic aminoglutethimide therapy.

Methods. Plasma levels of aminoglutethimide, warfarin and theophylline
were determined by HPLC methods as described elsewhere [24, 29, 31].
Antipyrine concentrations were determined by a gas chromatographic
method [7), whereas digitoxin levels were measured by a commercial
radioimmunoassay kit. The coefficient of variation was <5% for all
analytical procedures. Plasma oestrone, plasma oestrone sulphate and
plasma tracer oestrogen concentrations were measured by methods de-
scribed elsewhere [18, 21]. The coefficients of variation were between
5% and 10% for all methods. Urinary tracer oestriol was isolated by the
use of an LH20 Sephadex column system [21] or by HPLC [22}.

The metabolic clearance rate for different drugs and tracer oestro-
gens was calculated from the equation Cl = dose/AUC. As all drugs were
given by the oral route, the AUC was calculated by use of the trapezoidal



242

300
8
;_ 4
S 200 4 6
3 1 i
€ ! 3 1%
S 3
s 100 -
B
0 L
wN oT AP TP AG
Brug
300 7 BB Control
] Low-dose AG
3 ] High-dose AG “
= 200 4 [
'é 3 1
g 6
.- 6
° 100 4 3
.\° % I
04 g T T T 1
E2 E1 E1S E3

Oestrogen

Fig. 1. Alterations in plasma clearance rate for certain drugs and oestro-
gens caused by chronic treatment with aminoglutethimide (AG) on a
“low-dose” (250 mg/day) or “high-dose™ (1,000 mg/day) drug schedule
WN, warfarin; DT, digitoxin; AP, antipyrine; T, theophyiline; AG, amino-
glutethimide; Ez, oestradiol; E), oestrone; E1S, oestrone sulphate; E3,
oestriol. Note that the diagram for E; shows an alteration in the urinary
excretion rate of this oestrogen

rule, adding the residual by extrapolation to infinity. Radiolabelled
oestrogens were always given by the intravenous route. The pharma-
cokinetics of tracer oestrone and oestradiol fitted to a three-compartment
model (Statgraphics on an IBM 5060). In contrast, the plasma kinetics of
oestrone sulphate did not fit into a simple two- or three-compartment
open model, most probably because of its enterohepatic circulation.
Therefore, the AUC for oestrone sulphate was determined by the trape-
zoidal rule. Statistical comparison between values obtained before and
during treatment in individual patients was done by the Wilcoxon
matched-pair signed-rank test, with probability being expressed as two-
tailed values.

Results

The influence of aminoglutethimide on the disposition of
different drugs and oestrogens is illustrated in Fig. 1. The
results may be summarized as follows:

1. Aminoglutethimide given at its conventional dose
(1,000 mg daily) increased the plasma clearance rates of
warfarin (n = 8, P <0.01), digitoxin (n = 5, 0.05 <P <0.10)
and antipyrine (n = 6, P <0.05) by mean values of 81%—
152%. Plasma clearance rates for theophylline and amino-
glutethimide itself were moderately increased, by 32%
(n=3, P>0.2) and 29% (n = 14, P <0.025), respectively.

2. This enzyme induction appears to be dose-depen-
dent, as treatment with aminoglutethimide at 250 mg/day
seemed to cause smaller alterations in drug metabolism
than did a dose of 1,000 mg/day.

3. Aminoglutethimide seems to have no influence on
the clearance rate of oestradiol. The oestrone clearance
rate was moderately increased by a mean value of 30%
{n = 6, P <0.05). In contrast, the clearance rate of oestrone
sulphate was increased by a mean of 112% (n = 14,
P <0.0005) and the urinary excretion of labelled oestriol
following tracer injections of oestrone or oestradiol was
increased by a mean of 63% (n = 12, P < 0.0025).

Clinical implications

Aminoglutethimide is a potent enzyme inducer in man.
Possible drug interactions should be considered whenever
aminoglutethimide is given in concert with drugs that are
metabolized by hepatic mixed-function oxidases.

Our study, similar to that of Adam et al. [1], found
aminoglutethimide to increase its own clearance rate by a
mean value of 30%-35%. Murray et al. [23] reported that
it caused a 100% increase in its own metabolism during
steady-state treatment, but in their study [23] the clearance
rate was calculated from the half-life under the assumption
that the volume of distribution remained unchanged during
treatment. This concept has been challenged [16].

The influence of aminoglutethimide treatment on
oestrone clearance has been examined by one other group
[26], but no additional studies of the drug’s influence on
the oestradiol or oestrone sulphate clearance rate have been
conducted. Santen’s group [26] found no influence of
aminoglutethimide treatment on the metabolism of
oestrone. In contrast, we found the oestrone clearance rate
to be moderately increased by a mean of 30% [20]. Both of
these studies involved a limited number of patients, and
such a difference might occur by chance; however, it could
also be related to different investigation protocols. In their
study, Santen et al. gave a priming bolus dose one-sixth of
the total dose) followed by a 4-h steady-state infusion. The
validity of short-term steady-state infusions for the inves-
tigation of oestrogen kinetics has been challenged [9]. In
all, 50%--90% of a tracer dose of oestrone is converted into
oestrone sulphate, and 15%—45% of the oestrone sulphate
reappears in plasma as unconjugated oestrone [20]. Thus,
to reach oestrone steady state it is necessary that equi-
librium with the oestrone sulphate pool be obtained.
Oestrone sulphate has a half-life of 3—10 h in untreated
patients and 2—4 h in patients on aminoglutethimide treat-
ment [15]. This suggests that oestrone infusion times of
between 24 and 48 h may be required to obtain oestrone
steady-state plasma levels. A possible explanation as to
why the clearance rate of oestrone but not of oestradiol
could be increased during aminoglutethimide treatment is
given elsewhere [20].

Although aminoglutethimide seems to have only a
modest influence on the metabolism of unconjugated
oestrogens, it stimulates oestrone sulphate metabolism.
Accordingly, a selective suppression of plasma oestrone
sulphate as compared with plasma oestrone is seen [21].



A significant increase in the urinary excretion of oestrogen
metabolites produced by hydroxylation of oestrone in the
|6o-position suggests that aminoglutethimide stimulates
uestrone sulphate metabolism by enhancing this particular
inixed-function oxidase. This could occur either by direct
lhydroxylation of oestrone sulphate [10] or after intracellu-
lar oestrone sulphate solvolysis [12]. Interestingly, a reduc-
lion in the plasma oestrone sulphate : oestrone ratio similar
(o that caused by treatment with aminoglutethimide is also
scen in patients treated with the enzyme inducer rifampicin
{19]. This finding indirectly suggests that amino-
glutethimide may stimulate oestrone sulphate metabolism
by inducing certain mixed-function oxidases.

It is difficult to assess the importance of amino-
glutethimide stimulation of oestrone sulphate metabolism.
However, the following evidence suggests that this mecha-
nism could be beneficial for the activity of amino-
glutethimide against breast cancer:

1. There are theoretical reasons suggesting that
oestrone sulphate may be an important oestrogen source
for the tumour cell [28].

2. Testololactone, a drug found to inhibit aromatisation
in vivo by about 90%, has a response rate of 10%—14%
[33]. This contrasts with a response rate of 29% following
treatment with aminoglutethimide at 1,000 mg/day [12].
Although most patients on aminoglutethimide also receive
glucocorticoids, there is no direct evidence suggesting that
a difference in the response rates for aminoglutethimide
and testololactone may be caused by glucocorticoid admin-
istration. Recent results [8] suggest a similar response rate
for patients treated with aminoglutethimide with or without
glucocorticoids [11]. Accordingly, the difference in the
response rates for aminoglutethimide and testololactone
suggests that mechanisms unrelated to aromatase inhibi-
tion could partly be responsible for the action of amino-
glutethimide.

3. Although aminoglutethimide given at a low dose of
250 mg/day causes an inhibition of aromatisation amount-
ing t0 >90% in vivo [6], the response rate to this dose was
19% among patients with advanced disease, regardless of
whether they received glucocorticoids [8, 11]. This re-
sponse rate seems to be inferior to that of 29% seen among
patients treated with aminoglutethimide at 1,000 mg/day
[12]. Although aminoglutethimide doses of 250 and
1,000 mg/day caused similar aromatase inhibition, amino-
glutethimide enzyme induction seems to be dose-depen-
dent in the dose range of 250—1,000 mg/day. Thus, dose-
dependent  alterations in oestrone sulphate metabolism
could be responsible for a difference in the response rates
oll)tained using different aminoglutethimide dose sched-
ules.

Considering the new aromatase inhibitors that have
been introduced for treatment of breast cancer, the finding
that aminoglutethimide influences oestrogen disposition
by mechanisms unrelated to aromatase inhibition may have
important  clinical implications. Enzyme-inducer com-
pounds could be added to endocrine treatment schedules in
breast cancer.
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