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ABSTRACT

The antiestrogen tamoxifen and the aromatase inhibitor aminoglute-
thimide show similar response rates when used in the endocrine manage-
ment of advanced breast cancer. However, numerous clinical trials have
demonstrated no increase in response rate from treatment with the drug
combination of tamoxifen plus aminoglutethimide. We investigated the
possibility of a pharmacokinetic interaction between: these two drugs in
six menopausal woman with breast cancer. All patients were investigated
under three different conditions (termed phases A, B, and C). The steady
state kinetics of tamoxifen were determined when administered alone
(phase A) and after coadministration of aminoglutethimide for 6 weeks
(phase B). In phase B, the pharmacokinetics for aminoglutethimide were
determined and compared with these parameters after a tamoxifen wash-
out of 6 weeks (phase C). The serum concentration of tamoxifen and
most of its metabolites {[trans-1(4-8-hydroxy-ethoxyphenyl)-1,2-diphen-
ylbut-1-ene}, 4-hydroxytamoxifen, 4-hydroxy-/N-desmethyltamoxifen, V-
desmethyltamoxifen, and N-desdimethyltamoxifen} were markedly re-
duced following aminoglutethimide administration, corresponding to an
increase in tamoxifen clearance from 189-608 ml/min. The amount of
most metabolites in serum increased relative to the amount of parent
tamoxifen. These data are consistent with induction of tamoxifen metab-
olism during aminoglutethimide exposure. We found no effect of tamox-
ifen on aminoglutethimide pharmacokinetics or acetylation. We conclude
that this aminoglutethimide-tamoxifen interaction should be taken into
account when evaluating the clinical effect of this drug combination
relative to monotherapy.

INTRODUCTION

The growth of human breast cancer is supported by endoge-
nous estrogens (1, 2). Tamoxifen and aminoglutethimide are
drugs currently used in the endocrine management of breast
cancer, and they probably act by suppressing the growth-stim-
ulating effect of estrogens (2-4).

Tamoxifen [trans-1-(4-g-dimethylaminoethoxyphenyl)-1,2-
diphenylbut-1-ene] is a nonsteroidal antiestrogen which is ef-
fective against breast cancer in both pre- and postmenopausal
women. [t is assumed to exert its main effects by blocking. the
action of estrogens at the receptor site (4). Tamoxifen under-
goes extensive hepatic metabolism, and in man metabolites
formed by N-demethylation are the main circulating species.
Significant amounts of hydroxylated metabolites, including the
primary alcohol, 4-hydroxytamoxifen, (4) and 4-hydroxy-IV-
desmethyltamoxifen (5) have also been demonstrated in serum.
This may be important since some hydroxylated metabolites
have higher affinity in vitro toward the estrogen receptor than
the parent drug, tamoxifen (6-9). Thus, biotransformation of
tamoxifen may be an important determinant of drug action.
Known metabolites of tamoxifen formed through demethyla-
tion and hydroxylation are depicted in Fig. 1.

Received 2/21/90; accepted 5/23/90.

The costs of publication of this articie were defrayed in part by the payment
of page charges. This article must therefore be hereby marked. advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

! This work was supported by grants. from. the Norwegian Cancer Society and
the Torsteds legat.

2To whom requests for reprints should be addressed, at Department of
Pharmacology and Toxicology, Armauer Hansens Hus, N-5021 Bergen, Norway.

Aminoglutethimide inhibits the enzyme aromatase, which
converts androgens to estrogens in peripheral fat tissue (3).
This conversion is the main estrogen source in postmenopausal
women. In addition, aminoglutethimide may reduce the con-
centration of plasma estrogens by enhancement of estrogen
metabolism (10, 11). Aminoglutethimide causes response rates
in postmenopausal breast cancer patients similar to those of
tamoxifen, but because of more frequent side effects aminoglu-
tethimide is generally used after tamoxifen as a second line
endocrine treatment (12).

Combination therapy with tamoxifen plus aminoglutethi-
mide should afford both estrogen receptor blockade and reduced
plasma estrogen levels, and because of different targeting of
these drugs the combination is expected to be more effective
than monotherapy. This possibility is supported by studies on
human breast carcinoma transplanted into nude mice (13), but
the results from clinical trials have been disappointing (14-19)
since they all show that the response to tamoxifen is not
augmented by adding aminoglutethimide (Table 1).

The reason why the response rate is not increased with
combination therapy has not been evaluated. A pharmacoki-
netic interaction should be considered, especially because ami-
noglutethimide is a potent inducer of certain hepatic mixed
function oxidases and enhances the metabolism of several drugs
and steroids (10, 20, 21). In addition, tamoxifen might influence
the disposition of aminoglutethimide. Tamoxifen is a potent
inhibitor of some mixed function oxidases irn vitro (22) and may
inhibit its own metabolism (23-25) as well as the metabolism
of other drugs (26-28).

In the present paper we describe the effect of aminoglutethi-
mide on the disposition of tamoxifen in patients receiving
steady state tamoxifen treatment. We also report that tamoxifen
does not affect aminoglutethimide disposition. The investiga-
tion was motivated by the large number of clinical studies of
the combination therapy (Table 1) and also by preliminary
findings suggesting that aminoglutethimide alters serum levels
of tamoxifen and its metabolites.?

MATERIALS AND METHODS

Patients. All patients gave their informed consent to participate in
the study. Six postmenopausal women were enrolled. All of them had
advanced breast cancer relapsing during tamoxifen therapy and were,
therefore, transferred to an aminoglutethimide regimen. Patient char-
acteristics are given in Table 2. All patients had normal liver and renal
function tests. One patient (K. N.) did not enter the final part of the
study (phase C) because of rapidly progressing disease.

Chemicals. Tamoxifen, metabolite B, and metabolite X were obtained
from Pharmachemie B.V. (Haarlem, Holland) and metabolites Y, BX,
and Z were gifts from Imperial Chemical Industries, PL.C, Pharmaceu-
ticals Division (Macclesfield, United Kingdom). Aminoglutethimide
and N-acetylaminoglutethimide were gifts from Ciba-Geigy (Basel,
Switzerland).

Study Protocol. The study protocol was approved by the regional
ethical committee.

*C. Rose and E. A. Lien, unpublished data.
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Table 1 Trials comparing tamoxifen monotherapy with the combination of tamoxifen and aminoglutethimide in breast cancer patients

Response rate

CR + PR
Drug?® Dose (mg) n % Ref.
TAM 10 b.i.d. 18/60 30 14
TAM 10 b.i.d. 23/62 37
AG 250 q.i.d.
H 20 b.i.d.
TAM 10 b.id. 3/9 33 15
TAM 10 b.id. 4/11 36
AG 250 g.i.d.
H 20 b.i.d.
TAM 10 b.i.d. 5/26 19 16
TAM 10 b.id. 6/26 23
AG 250 q.i.d.
H 10 b.i.d.
TAM 10 b.id. 21/49 43 17
TAM 10 b.i.d. 25/51 49
AG 250 q.i.d.
H 10 + 10 + 20
TAM 10 t.i.d. 32/94 34 18
TAM 10 ti.d. 24/83 29
AG 250 q.i.d.
H 20 ti.d.
TAM 20 b.i.d. 18/34 53 19
TAM 20 b.i.d. 11/29 38
AG 250 q.i.d.
H 10+ 10 + 20

4 CR, complete response; PR, partial response; n, number of patients; TAM, tamoxifen; AG, aminoglutethimide; H, hydrocortisone.
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Table 2 Patient characteristics and drug treatment

Treatment
Tamoxifen”
Duration of
treatment
Age  before en- Aminoglutethimide?
Patient (yr) trance (mo) Dose (mg) dose (mg)
A K. 66 66 30 q.d. 250 q.id.
LL 60 30 30 gq.d. 250 t.i.d.
M. H. 60 41 20 q.d. 250 q.i.d.
B. H. 62 6 30 q.d. 250 qg.i.d.
K. N. 47 31 30 t.id. 250 g.i.d.
M. F. 60 18 80 q.d. 250 g.i.d.

% Phases A and B.
® Phases B and C.

Tamoxifen and aminoglutethimide pharmacokinetics were evaluated
under three different conditions, termed phases A, B, and C. Drug
doses are given in Table 2.

Phase A refers to chronic (>6 months) treatment with tamoxifen
given as a single agent. Tamoxifen kinetics and serum levels of its
metabolites were determined. For the last 3 days prior to sampling,
tamoxifen was given daily at 8 a.m. to all patients after overnight
fasting except patient K. N. who received 30' mg t.i.d.* at strict 8-h
intervals. On the day of investigation, tamoxifen was given at 8 a.m.
Blood samples were drawn 0, 0.5, 1, 1.5, 2, 3. 4, 6,9, 12, 15, and 24 h
after the last dose.

Phase B is after treatment with the combination of tamoxifen plus
aminoglutethimide and cortisone acetate at fixed doses for 6 weeks.
Each patient received the same dose of tamoxifen as during phase A.
Aminoglutethimide (250 mg q.i.d) was given with cortisone acetate (50
mg b.i.d for 2 weeks; thereafter 25 mg b.i.d.) as recommended (29).
Cortisone acetate is combined with aminoglutethimide treatment be-
cause aminoglutethimide blocks the adrenal steroid synthesis (20).
During the last 3 days.before sampling, tamoxifen was given as in phase
A. Aminoglutethimide and cortisone acetate were given at strict 6- and
12-h intervals, respectively. On the day of blood sampling, all drugs
were given at 8 a.m. after overnight fasting. Then, cortisone acetate
was given after 12 h, and tamoxifen was given after 24 h, but amino-
glutethimide was withheld for 48 h. The sampling schedule was as
described for phase A with additional samples obtained at 36 and 48 h
to allow for determinations of aminoglutethimide half-life.

Phase C is 6 weeks after cessation of tamoxifen therapy. During this
period the patients were treated with aminoglutethimide and cortisone
acetate only. The kinetics of aminoglutethimide were determined as in
phase B.

Blood samples were obtained by venous puncture. Each sample was
allowed to clot for 30-60 min prior to centrifugation. Serum was
removed and stored at —20°C until analysis. To eliminate between-day
variations in the analysis, al} samples from each patient were analyzed
in the same run.

Determination of Tamoxifen and Its Metabolites. We used a modifi-
cation of a high performance liquid chromatography assay described
previously (30). The method and the modifications are as follows.
Samples of 250 u1 of serum deproteinized with acetonitrile were. post-
column on column concentrated on a small precolumn (0.21 x 3 cm),
packed with 5 um ODS material. The analytes were then directed into
an analytical ODS Hypersil column (0.21 x 10 cm) by elution and
column switching. The mobile phases and other details have been
described previously (5, 30). Tamoxifen and its metabolites were post-
column converted to fluorophors by UV illumination while passing

4The abbreviations used are: t.i.d., 3 times/day; q.i.d., 4 times/day; b.i.d, 2
times/day; q.d., 1 time/day; CV, coefficient of variation; ODS, octadecylsilane;
metabolite Y, [trans-1(4-p-hydroxyethoxyphenyi)-1,2-diphenylbut-1-ene]; metab-
olite B, 4-hydroxytamoxifen; metabolite: BX, 4-hydroxy-N-desmethyltamoxifen;
metabolite X, N-desmethyltamoxifen; metabolite Z, N-desdimethyltamoxifen;
LC/MS, liquid chromatography/mass spectrometry; HPLC, high performance
liquid chromatography; CL,. total body clearance; AUC, area under the concen-
tration-time curve; Cox, Maximum concentration during one dosing interval;
Cmin, Minimum concentration during one dosing interval; M, the molecular ion;
m/z, the mass to charge ratio.

through a quartz tube and then monitored by fluorescence detection
(30).

The within-day precision (CV) of the assay for tamoxifen and its
metabolites Y, B, X, and Z were 0.6-5.6% for serum levels between 10
and 800 ng/ml. Because our standard for metabolite BX is a mixture
of the cis and trans isomers (5), the CV was not determined for this
metabolite.

Determination of Aminoglutethimide and /V-Acetylaminoglutethimide.
Serum was deproteinized using a mixture of acetonitrile and perchloric
acid. The samples were chromatographed on a 3-um ODS Hypersil
column, which was eluted isocratically as described previously (31).
The absorbance was routinely recorded at 242 nm.

The CVs for aminoglutethimide and N-acetylaminoglutethimide at
a concentration of 0.5 ug/ml are 3.9 and 2.6%, respectively.

Identification of Metabolite BX by LC/MS. For patient K. N, all
serum samples from phase A and all samples from phase B were pooled
in separate tubes. Ten ml from each pool was extracted with 10 volumes
of hexane/butanol (98/2, v/v). The supernatant was evaporated in
plastic beakers at 55°C under nitrogen, redissolved in 1 ml 50% aceto-
nitrile, and centrifuged. The supernatant was transferred to sample
vials, capped, and analyzed. The analytical column was connected to a
LC/MS thermospray system (model 201; Vestec, Houston, TX). Before
entering the thermospray, the effluent from the column was mixed with
0.1 M ammonium acetate, delivered at a rate of 0.3 ml/min via a zero
dead volume T-connector. The flow rate of the HPLC system was 0.7
ml/min.

Pharmacokinetic Calculations. The area under drug concentration-
time curve during steady state corresponding to one dose interval was
calculated, using the trapezoidal rule (32). Clearance was calculated by
the formula:

Cl = (A)

where F is the fraction of the dose (D) absorbed, and AUCSS is the area
under the concentration-time curve corresponding to one dosing inter-
val during steady state treatment (33). For aminoglutethimide, F is
close to 1 (34). For tamoxifen, the value for F is unknown in humans,
but F is close to 1 in animals (35). Because there is indirect evidence of
good absorption in man (24), we assumed an F value equal to 1 in all
patients under all conditions investigated (phases A and B).

The fraction of drug converted to the metabolite (f;,) is given by the
equation (32):

S 4.ngv_m (&) gt (B)
" AUC grug Clang

where AUC .. and AUCyy,, are the area under the serum concentration-

time curve for the metabolite and drug, respectively. Cl,,, is the clear-

ance for metabolite, and Cling is the clearance for the parent drug.
Rearrangement of equation B gives:

A UCme( Cldrug
= =, — C
A LICdrug Clmet ( )

A formula expressing the relationship between AUC,,, and f,, and
Cle: Was obtained by combining equations A and B:

F-D

Ucvme =Jfm
AVCoe =1y

(D)

Statistical Methods. The Wilcoxon signed rank test for paired data
was used: to compare the tamoxifen pharmacokinetic parameters ob-
tained in phases A and B and aminoglutethimide parameters in phases
B and C. P values were always expressed as two tailed.

RESULTS

Effect of Aminoglutethimide on Tamoxifen Kinetics and Me-
tabolism. We compared the steady state pharmacokinetics and
serum metabolite concentrations of tamoxifen given as a single
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Table 3 Effect of aminoglutethimide treatment on tamoxifen pharmacokinetics

Tamoxifen Metabolite Y Metabolite B Metabolite BX Metabolite X Metabolite Z
Patient Aminoglutethimide® Cpa’ C,,,_i,.” AUC? Conax Cmin AUC Gy Coin AUC Gy Cia. AUC Gt Coin AUC Cpox G AUC
A K. - 113 66 1761 24 13 314 4 3 62 11 6 192 207 141 3804 23 12 370
+ 50 23 767 19 7 271 3 1 41 9 2 117 121 78 2061 18 8 271
—/+ 23 29 23 1.3 1.9 1.2 1.3 30 1.5 1.2 3.0 1.6 1.7 1.8 1.8 1.3 1.5 1.4
I L. - 160 93 2647 18.1 6 194 10 4 129 8 3 119 264 170 4545 40 20 630
+ 65 24 770 13 4 119 6 2 63 0 o 0 95 64 1909 15 5 238
—-/+ 25 39 34 14 1.5 1.6 1.7 2.0 2.0 28 2.7 2.4 27 4.0 2.6
M. H - 229 104 2929 8 1 42 18 10 312 55 15 500 308 135 3793 32 12 613
+ 81 36 1052 7 1 53 14 10 248 0 0 0 117 77 2078 13 7 230
—-/+ 28 29 2.8 1.1 1.0 0.8 1.3 1.0 13 26 1.8 1.8 25 1.7 2.7
B. H. - 433 212 7775 37 16 478 2 0 11 62 33 1166 379 268 7578 62 38 1204
+ 124 44 1494 35 6 315 0 0 0 3 0 2 160 86 2432 33 9 387
—/+ 3.5 438 5.2 1.1 27 1.5 20.7 583 2.4 3.1 31 1.9 4.2 3.1
K. N.f - 356 279 7515 159 112 3208 21 12 409 64 45 1302 1100 860 23277 231 164 4627
+ 93 63 1792 83 54 1531 S5 4 9% 9 0 150 333 240 6731 100 62 1849
-/+ 3.8 44 4.2 1.9 2.1 2.1 42 3.0 44 7.1 8.7 33 36 35 23 26 2.5
M. F. - 323 143 4728 160 61 2171 3 0 35 74 13 770 647 424 12588 109 63 1832
+ 162 31 1558 75 22 845 3 0 39 0 0 0 361 178 5484 78 28 1096
~/+ 20 46 3.0 21 28 2.6 1. 0.9 1.8 24 2.3 1.4 23 1.7
Mean - 269 150 4559 68 35 1068 10 5 160 46 19 675 484 333 9264 83 52 1546
Mean + 96 37 1239 39 16 522 5 3 81 4 03 45 198 121 3449 43 20 679
. —/+ 2.8 4.1 37 1.7 22 2.0 2.0 1.7 20 115633 150 24 2.8 2.7 1.9 2.6 2.3
Significance/.  (P) — vs. + 0.032 0.063 0.063 0.032 0.032 0.032
¢ —, without aminoglutethimide treatment; +, during aminoglutethimide treatment; —/+, ratio.
% ng/ml.
‘ ng/ml.
ng-h-mi™",
¢ Patient K. N. used tamoxifen three times daily. AUC in this patient is estimated during 8 h and normalized to 24 h.
Wilcoxon signed rank test for paired data.
agent (phase A) with these parameters in the same patients 400
when they were given the drug combination of tamoxifen plus Phase A Phase B (+AG)
aminoglutethimide for 6 weeks (phase B).
Fig. 2 shows the steady state serum profiles for tamoxifen 300 ¢ ~—L—  Tamoxifen

and its metabolites in patient M. H. during one dosing interval
in the absence and presence of aminoglutethimide. In agreement
with earlier results (36), the serum levels of tamoxifen and
metabolites Y, BX, X, and Z reached a maximum concentration
(Cwax) about 2 h after drug intake (data not shown). The
difference between Cy,., and the lowest level during one dosing
interval (Cy;,) was reduced for tamoxifen and its metabolites
during aminoglutethimide treatment (Fig. 2 and Table 3). No-
tably, the concentrations of metabolite BX were reduced to near
the detection limit during the combination therapy. The results
for all 6 patients are summarized in Table 3.

The marked reduction in the amount of metabolite BX in
serum during aminoglutethimide treatment (Table 3), was con-
firmed by mass spectrometry analysis. The LC/MS traces for
the (M + 1)* ion show that this metabolite nearly disappeared
in serum during aminoglutethimide treatment (Fig. 3).

Aminoglutethimide caused a significant decrease in AUC
(P = 0.032) for tamoxifen (mean reduction, 73%; range, 80—
56%), corresponding to a mean increase in tamoxifen clearance
of 222% (Table 4). AUC for most metabolites was reduced
(mean reduction, about 50%) (Table 3).

The ratio AUCe./AUCyr,, increased 35-80% during amino-
glutethimide treatment for all metabolites, except metabolite
BX (Table 5).

Aminoglutethimide Pharmacokinetics and Acetylation. The
pharmacokinetics of aminoglutethimide and its metabolite, N-
acetylaminoglutethimide, were determined in patients receiving
chronic treatment with. the drug combination of tamoxifen plus
aminoglutethimide (phase B) and after tamoxifen was with-
drawn for 6 weeks (phase C). In phase C neither tamoxifen nor

~—#—  Metabolite Z
—®——  Metabolite X

'|' r

Phase A Phase B (+AG)

Metabolite Y
Metabolite B
Metabolite BX

Serum concentration (ng/ml

0‘ 4 T T L
0 6 12 18 24 0 6 12 18 24

Time after last dose (h)

Fig. 2. Serum concentrations curves for tamoxifen and metabolites in: patient
M. H. during one dosing interval. Phase A is steady state tamoxifen treatment.
Phase B.is after 6 weeks. of combination therapy with tamoxifen and aminoglu-
tethimide. The tamoxifen dose was 30 mg once daily in both phases.

its metabolites were detected in patient sera, with: the exception
of metabolite X which was found in low concentrations (<1 ng/
ml) in sera from three patients (A. K., M. H., and M. F.). The
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results from a single patient (B. H.) are shown in Fig. 4. Data
from all patients are summarized in Tables 4 and 6.

Tamoxifen did not affect the pharmacokinetics of aminoglu-
tethimide or its conversion to N-acetylaminoglutethimide (Fig.
4 and Tables 4 and 6).

DISCUSSION

This study demonstrates a pronounced reduction in the serum
concentrations of tamoxifen and most of its serum metabolites
during aminoglutethimide treatment (Table 3). Several expla-
nations should be considered. Aminoglutethimide may decrease
the serum concentration of tamoxifen and its metabolites by
reducing the absorption of tamoxifen, reducing tamoxifen pro-
tein binding, or by enhancement of tamoxifen metabolism.

Abundance

1 M 1 M i M 1
4 5 6 7
Retention time (min)

Fig. 3. Chromatography of extracts from pooled sera from phase. A and phase
B (patient K. N.). Reversed phase LC/MS and sample preparation werg performed
as described in the text. Top trace, selected ion-monitoring trace for thé (M + 1)*
ion for metabolite BX (374 m/z) from phase A (tamoxifen as single drug); bottom
trace, phase B (tamoxifen combined with aminoglutethimide). The second peak
eluting after 6 min is due to interference from the tamoxifen peak (372 m/z).

Aminoglutethimide is not known to influence the growth of
intestinal bacteria or drug uptake. Thus, there are no data to
suggest that aminoglutethimide may impair tamoxifen absorp-
tion.

Tamoxifen is highly (>98%) bound by protein in serum (30)
and alterations in protein binding may affect the metabolism
and distribution of this drug. Because aminoglutethimide is
only moderately protein bound (about 25%) (34), it is unlikely
that aminoglutethimide can displace tamoxifen from its binding
sites.

Our data show that aminoglutethimide reduces the serum
level and enhances the elimination of tamoxifen, corresponding
to an increase in tamoxifen clearance from 189-608 ml/min
(Table 4). This effect from aminoglutethimide is probably due
to induction of tamoxifen metabolism, because there is ample
evidence that aminoglutethimide may stimulate metabolic proc-
esses important in tamoxifen biotransformation.

Tamoxifen is metabolized by hydroxylations and demethyl-
ations followed by glucuronidation of the different metabolites
as well as of tamoxifen itself (Fig. 1) (4, 35, 37). Aminoglute-
thimide is an efficient inducer of cytochrome P450 mixed
function oxidases (10, 20, 21, 38, 39), and it shows similarities
with phenobarbital in this respect (40). Treatment of rats with

Table 4 Interaction between aminoglutethimide and tamoxifen

Clearance of Clearance of

tamoxifen aminoglutethimide
(ml/min) (ml/min)
Patient —AG*? +AG? ~TAM® +TAM?

A K 284 652 105 84
L'L 189 649 113 87
M. H 114 317 175 235
B.H 64 335 111 107
K.N.£ 200 837
M. F 282 856 71 86
Mean 189 608 115 120
Significance (P)” 0.032 >0.20

% No aminoglutethimide, phase A.

# Aminoglutethimide treatment, phase B.

“ No tamoxifen, phase C.

4 Tamoxifen treatment, phase B.

¢ K. N. did not enter the final part of the study because of rapidly progressing
disease.

f Wilcoxon signed rank test for paired data.

Table 5 Effect of steady state aminoglutethimide treatment on the amount of tamoxifen metabolites relative to parent drug in serum

AUC for metabolite/4UC? for tamoxifen

Patient Aminoglutethimide Y B BX X Z
A K. - 0.1% 0.04 D.11 2.16 0.21
+ 0.35 0.05 0.15 2.69 0.35
ILL - 0.07 0.05 0.04 1.72 0.24
+ 0.15 0.08 <0.001° 2.48 0.31
M. H - 0.01 0.11 0.17 1.29 0.21
+ 0.05 0.24 <0.001° 1.98 0.22
B. H. - 0.06 0.001 0.15 0.97 0.15
+ 0.21 0.00 0.001 1.63 0.26
K. N. - 0.43 0.05 0.17 3.10 0.62
+ 0.85 0.05 0.08 3.76 1.03
M.F - 0.46 0.01 0.16 2.66 0.39
+ 0.54 0.03 <0.001° 3.52 0.70
Mean - 0.20 0.04 0.13 1.98 0.30
+ 0.36 0.07 0.04 2.68 0.47
P—vs. +° 0.032 >0.10 0.032 0.032 0.032

¢ AUC®, AUC in steady state during one dosing interval.
¢ BX not detectable during aminoglutethimide therapy.
¢ Wilcoxon signed rank test for paired data.
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100 | l
Phase B

—#— Aminoglutethimide Phase C

~0— N-Acetylaminoglutethimide

Serum concentration (pig/ml)

Time after last dose (h)

Fig. 4. Serum concentration curves for aminoglutethimide and N-acetylami-
noglutethimide in patient B. H. Phase B is after 6 weeks of combination therapy
with tamoxifen and aminoglutethimide. Phase C is during administration of
aminoglutethimide as a single agent 6 weeks. after cessation of tamoxifen treat-
ment. In both phases the kinetics of aminoglutethimide were recorded during a
period of 48 h of withdrawal of this drug.

barbiturate increases demethylation of tamoxifen in liver mi-
crosomes in vitro (41).

Induction of glucuronidation has been reported in man after
treatment with other well-known enzyme inducers such as
phenytoin, phenobarbital, and rifampicin (42), and recently rat
liver glucuronidation was found to be enhanced by aminoglu-
tethimide (43). The two hydroxylated metabolites, B and BX,
are excreted in bile (5). Their biliary excretion as glucuronides
may significantly contribute to their total clearance, and induc-
tion of glucuronidation of hydroxylated tamoxifen metabolites
by aminoglutethimide may decrease serum levels of these spe-
cies.

N-Glucuronidation of tertiary amines has been demonstrated
only in higher primates (42), suggesting a metabolic pathway
for tamoxifen in man, not existing in most experimental ani-
mals. Stimulation of tamoxifen N-giucuronidation: (Fig. 1) by
aminoglutethimide would enhance the metabolic clearance of
the drug but cannot explain the altered ratio between 4UC for
a metabolite relative to that of the parent drug.

The observation that 4UC for tamoxifen metabolites is re-
duced (Tables 3 and 3) also agrees with the idea that aminoglu-
tethimide affects tamoxifen metabolism. Our study does not
allow delineation of the kinetics behind the reduction in metab-
olite AUC. According to equation D, AUC,,, depends on: the
fraction of tamoxifen converted into the metabolite as well as
on the metabolite clearance. These (/. and Cl,...) are parameters
not accounted for by the present study design. However, reduc-
tion of AUC for tamoxifen metabolites may be due to reduced
Jfa or increased Cl.,.... Reduction in f;, may result if aminoglu-
tethimide stimulates the formation of metabolites not detected

by our HPLC system, which was optimized for the analysis of
triphenylethylenes present in human serum during monother-
apy (30). Increased metabolite clearance may occur following
enhancement of metabolic glucuronidation.

Our patients were given cortisone acetate as a glucocorticoid
substitution during aminoglutethimide treatment. There is evi-
dence that corticosteroids may affect the metabolism of some
drugs (40, 44). We do not consider cortisone acetate responsible
for the observed alteration in tamoxifen metabolism for two
reasons. First, aminoglutethimide is an inhibitor of adrenal
cortisol synthesis, and the cortisone acetate substitution does
not increase plasma cortisol above physiological levels (34).
Second, aminoglutethimide is an enzyme inducer also in the
absence of glucocorticoid substitution (39).

The effect of aminoglutethimide on tamoxifen metabolism
has important implications. Obviously, lowering the serum
concentration of tamoxifen and its active metabolites reduces
their effects. In addition, aminoglutethimide increases the rel-
ative amount in serum of most metabolites compared with the
parent drug (Table 5). This also suggests that the tamoxifen-
aminoglutethimide interaction is due to increased metabolism
and not decreased gastrointestinal absorption (see above). An
increased ratio 4 UC e/ AUCr, is observed for the hydroxylated
metabolite B, whereas the ratio decreases for metabolite BX,
another hydroxylated metabolite. These metabolites have con-
siderably higher affinity for the estrogen receptor than tamox-
ifen itself (6-9). It has recently been demonstrated that the
inhibition of growth of the estrogen receptor-positive MCF-7
cells in the presence of tamoxifen and metabolites Y, B, X, and
Z parallels the relative affinity of these agents for the estrogen
receptor (45). Effects of higher doses of tamoxifen given in
combination with aminoglutethimide may therefore be influ-
enced by the altered metabolite profile of tamoxifen.

Tamoxifen is a weak estrogen agonist and strong antagonist,
and tamoxifen metabolites may also have agonistic or antago-
nistic properties (46). Thus, alterations in tamoxifen metabo-
lism induced by aminoglutethimide may increase the amount
of estrogen agonists at the expense of estrogen antagonists.
Such a metabolic effect would counteract the biological effect
of aminoglutethimide thought to be mediated by estrogen de-
pletion, and a decreased additive effect of the drug combination
of tamoxifen and aminoglutethimide would ensue. This could
explain the negative results from the clinical trials of this drug
combination.

Our results also show major variations in ratios of tamoxifen
to its metabolites in the absence of aminoglutethimide therapy
(Table 3). This raises the question that breast cancer patients
who respond to tamoxifen therapy may have a tamoxifen me-
tabolism: different from that of the nonresponders.

There are occasional reports that tamoxifen interacts with
other drugs (26-28). We observed no effect of tamoxifen ad-

Table 6 Effect of tamoxifen treatment on aminoglutethimide pharmacokinetics and acetylation

Aminoglutethimide

AUC™? Ve N-Acetylaminoglutethimide
Tamoxifen® (ug-h-ml™) T, (h) (liter) AUC (ug-h-ml™)
+ Mean’ 40.5 7.4 76.1 4.2
SD 13.5 1.4 42.1 24
- Mean 39.3 7.2 75.8 3.8
SD 12.4 1.8 38.7 1.6

¢+, during tamoxifen treatment (phase B); —, without tamoxifen (phase C).
5 AUC in steady state during one dosing interval.
:Pharmacokinetic volume of distribution during terminal phase.

n=>5.
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ministration on the disposition of aminoglutethimide (Tables 4
and 6).

In conclusion, the present report demonstrates that amino-
glutethimide markedly reduces serum concentrations of tamox-
ifen and its metabolites, probably by inducing tamoxifen me-
tabolism. Our findings suggest that clinical trials performed on
tamoxifen plus aminoglutethimide combined therapy (14-19)
may be biased by low tamoxifen serum levels and change in its
metabolite profile. This may explain why combination therapy
did not result in significantly higher response rates than tamox-
ifen monotherapy (Table 1). Future clinical trials of the com-
bination therapy should therefore include serum concentration
monitoring and tamoxifen doses should possibly be increased
to compensate for decreased bioavailability of tamoxifen and
its metabolites.

ACKNOWLEDGMENTS

The authors would like to thank Drs. A. H. Todd and G. F. Costello
from Imperial Chemical Industries, PLC, Pharmaceuticals Division
(Macclestield, United Kingdom), for the kind gift of the tamoxifen
metabolites Y, BX, and Z and T. F. Eueli A/S ICI-Pharma (Oslo,
Norway) for excellent collaboration.

We also thank Audun Heylandskjzr and Gry Kvalheim for skillful
technical assistance during sample preparation and HPLC analysis.

REFERENCES

—

. Beatson, G. T. On the treatment of inoperable cases of carcinoma of the
mamma. Suggestions for a new method of treatment with illustrative cases.
Lancet, 2: 104-107, 1896.

2. Lippman, M., Bolan, G., and Huff, K. The effects of estrogens and antiestro-
gens on hormone-responsive human breast cancer in long-term tissue culture.
Cancer Res., 36: 4595-4601, 1976.

. Santen, R. J., Santner, S., Davis, B., Veldhuis, J., Samojlik, E., and Ruby,
E. Aminoglutethimide inhibits extraglandular estrogen production in post-
menopausal women with breast carcinoma. J. Clin. Endocrinol. Metab., 47:
1257-1265, 1978.

. Jordan, V. C. Biochemical pharmacology of antiestrogen action. Pharmacol.
Rev., 36: 245-276, 1984.

. Lien, E. A;, Sotheim, E., Kvinnsland, S., and Ueland, P. M. Identification of
4-hydroxy-N-desmethyltamoxifen as a metabolite of tamoxifen in human
bile. Cancer Res., 48: 2304-2308, 1988.

. Jordan, V. C., Collins, M. M.. Rowsby, L., and Prestwich, G. A monohy-
droxylated metabolite of tamoxifen with potent antiestrogenic activity. J.
Endocrinol., 75: 305-316. 1977.

. Rochefort, H., Garcia, M., and Borgna, J.-L. Absence of correlation between
antiestrogenic activity and binding affinity for the estrogen receptor.
Biochem. Biophys. Res. Commun., 88: 351-357, 1979.

8. Fabian, C., Tilzer, L., and Sternson, L. Comparative binding affinities of
tamoxiten, 4-hydroxytamoxifen, and desmethyltamoxifen for estrogen recep-
tors isolated from human breast carcinoma: correlation with blood levels in
patients with metastatic breast cancer. Biopharmacol. Drug Dispos., 2: 381-
390, 1981.

9. Robertson, D. W., Katzenellenbogen, J. A., Long, D. J., Rorke, E. A., and
Katzenellenbogen, B. S. Tamoxifen. antiestrogens. A comparison of the
activity, pharmacokinetics, and metabolic activation of the cis and trans
isomers of tamoxifen. J. Steroid Biochem., 16: 1-13, 1982,

10. Lgnning, P. E., Kvinnsland. S., Thorsen, T.. and Ueland, P. M. Alteration
in the metabolism of oestrogens during treatment with aminoglutethimide in
breast cancer patients. Preliminary findings. Clin. Pharmacokinetics, 13:
393-406, 1987.

11. Lgnning, P. E., Johannessen, D. C., and Thorsen, T. Alterations in the
production rate and the metabolism of oestrone and oestrone sulphate in
breast cancer patients treated with aminoglutethimide. Br. J. Cancer, 60:
107-111. 1989.

12. Brodie, G. N., and Elefanty, A. Breast cancer. Advances in management.
Drugs, 35: 584-595, 1988.

13. Fukutomi, T. T. K., Ikeda, T.. Isobe, Y., Kikuyama, S., Shimada, A.,
Nakamura, A., Nishiumi, T., Enomoto, K., Ishibiki, K., and Abe, O. Exper-
imental combined hormone therapy on human breast carcinomas trans-
planted into nude mice, Jpn, J. Cancer Res., 77: 92-97, 1986.

14, Smith, 1. E., Harris, A. L., Morgan, M., Gazet, J.-C., and McKinna, J. A.
Tamoxifen versus aminoglutethimide versus combined tamoxifen and ami-
nogluthethimide in the treatment of advanced breast carcinoma. Cancer Res..
42 (Suppl.): 3430s-3433s, 1982,

15. Corkery, J., Leonard, R. C. F., Henderson, 1. C., Gelman, R. S., Hourihan,

J., Ascoli, D. M., and Salhanick, H. A. Tamoxifen and aminoglutethimide

in advanced breast cancer. Cancer Res., 42 (Suppl.): 3409s-3414s, 1982.

W

£y

W

[+

~

16.

17.

18.

19.

20.

26.

27.
28.
29.
30.

31.

32.

33,

34,

35.

36.

37.

38.

39.

40.

41.

42.
43.
44.

45.

46.

5857

Milsted, R., Habeshaw, T., Kaye, S., Sangster, G., Macbeth, F., Campbell-
Ferguson, J., Smith, D., and Calman, K. A randomized trial of tamoxifen
versus tamoxifen with aminoglutethimide in postmenopausal women with
advanced breast cancer. Cancer Chemother. Pharmacol., 14: 272-273, 1985.
Ingle, J. N., Green, S. J., Ahmann, D. L., Long, H. J., Edmonson, J. H.,
Rubin, J., Chang, M. N., and Creagan, E. T. Randomized trial of tamoxifen
alone or combined with aminoglutethimide and hydrocortisone in women
with metastatic breast cancer. J. Clin. Oncol., 4: 958-964, 1986.

Rose, C., and Mouridsen, H. T. Combined endocrine treatment of postmen-
opausal patients with advanced breast cancer. The Danish experience. Tumor
Diagnostik Ther., 8: 279-281,1987.

Alonso-Mufios, M. C., Gonzalez, M. B. O., Beltran-Fabregat, M., Dorca-
Ribugent, J., Lopez-Lopez, L., Borras-Ballada, J., Cardenal-Alemany, F.,
Gomez-Batiste, X., Fabregat-Mayol, P., and Viladiu-Quemada, P. Random-
ized trial of tamoxifen versus aminoglutethimide and versus combined ta-
moxifen and aminoglutethimide in advanced postmenopausal breast cancer.
Oncology, 45: 350-353, 1988.

Santen, R. J., Lipton, A., and Kendall, J. Successful medical adrenalectomy
with aminoglutethimide. Role of altered drug metabolism. J. Am. Med.
Assoc., 230: 1661-1665, 1974.

. Lenning, P. E., Kvinnsland, S., and Bakke, O. M. Effect of aminoglutethi-

mide on antipyrine, theophylline, and digitoxin disposition in breast cancer.
Clin. Pharmacol. Ther., 36: 796-802, 1984.

. Meltzer, N. M., Stang, P., and Sternson, L. A. Influence of tamoxifen in its

N-desmethyl and 4-hydroxy metabolites on rat liver microsomal enzymes.
Biochem. Pharmacol., 33: 115-123, 1984.

. Borgna, J.-L., and Rochefort, H. Hydroxylated metabolites of tamoxifen are

formed in vivo and bound to estrogen receptor in target tissues. J. Biol.
Chem., 256: 859-868, 1981.

. Adam, H. K., Patterson, J. S., and Kemp, J. V. Studies on the metabolism

and pharmacokinetics of tamoxifen in normal volunieers. Cancer Treat.
Rep.. 64: 761-764, 1980.

. Camaggi, C. M., Strocchi, E., and Pannuti, F. Tamoxifen pharmacokinetics

in advanced breast cancer patients. [n: Pannuti, F. {ed), Anti-oestrogens in
Oncology. Past, Present and Prospects, pp. 90-97. Amsterdam: Excerpta
Medica, 1985.

Middeke, M., Remien, C., Lohmgller, G., Holzgreve, H., and Zgllner, N.
Interaction between tamoxifen and digitoxin? Klin, Wochenschr., 64: 1211,
1986.

Ritchie, L. D., and Grant, S. M. T. Tamoxifen-warfarin interaction: the
Aberdeen hospitals drug file. Br. Med. J., 298: 1253, 1989.

Tenni, P., Lalich, D. L., and Byrne, M. J. Life threatening interaction between
tamoxifen and warfarin. Br. Med. J., 298: 93, 1989.

Kvinnsland, S., Lgnning, P. E., and Dahl, O. Treatment of breast carcinoma
with aminoglutethimide. Acta Radiol. Oncol., 23: 421-424, 1984. .
Lien, E. A., Ueland, P. M., Solheim, E., and Kvinnsland, S. Determination
of tamoxifen and four metabolites in. serum by low-dispersion liquid chro-
matography. Clin. Chem., 33: 1608-1614, 1987.

Schanche, J.-S., Lonning, P. E., Ueland, P. M., and Kvinnsland, S. Deter-
mination of aminoglutethimide and N-acetylaminoglutethimide in human
plasma by reversed-phase liguid chromatography. Ther. Drug Monit., 6:
221-226, 1984.

Rowland, M., and Tozer, T. N. Clinical Pharmacokinetics: Concepts and
Applications. Philadelphia: Lea & Febiger, 1980.

Allen, L., Kimura, K., MacKichan, J., and Ritschel, W. A. Manual of
symbols, equations and definitions in pharmacokinetics. J. Clin. Pharmacol.,
22 (Suppl.): 1s-23s, 1982,

Lonning, P. E., Schanche, J.-S., Kvinnsland, S., and Ueland, P. M. Single-
dose and steady-state pharmacokinetics of aminoglutethimide. Clin. Phar-
macokinetics, 10: 353-364, 1985,

Fromson, J. M., Pearson, S., and Bramah, S. The metabolism of tamoxifen
(I.C 1. 46474). Part I: In laboratory animals. Xenobiotica, 3: 693-709, 1973.
Lien, E. A., Solheim, E., Lea, O. A., Lundgren, S., Kvinnsland, S., and
Ueland, P. M. Distribution of 4-hydroxy-N-desmethyltamoxifen and other
tamoxifen metabolites in human biological flulds during tamoxifen treat-
ment. Cancer Res., 49: 2175-2183, 1989.

Fromson, J. M., Pearson, S., and Bramah, S. The metabolism of tamoxifen
(1.C.1. 46,474). Part II: In female patients. Xenobiotica, 3: 711-714, 1973.
Lognning, P. E., Kvinnsland, S., and Jahren, G. Aminoglutethimide and
warfarin. A new important drug interaction. Cancer Chemother. Pharmacol.,
12:10-12, 1984.

Lgnning, P. E., Ueland, P. M., and Kvinnsland, S. The influence of a graded
dose schedule of aminoglutethimide on the disposition of the optical enan-
tiomers of warfarin in patients with breast cancer. Cancer Chemother.
Pharmacol., 17: 177-181, 1986.

Gonzalez, F. J. The molecular biology of cytochrome P450s. Pharmacol.
Rev., 40: 243-288, 1989.

Ruenitz, P. C., Bagley, J. R., and Pape, C. W, Some chemical and biochemical
aspects of liver microsomal metabolism of tamoxifen. Drug Metab. Dispos.,
12: 478483, 1984.

Burchell, B., and Coughtrie, M. W. H. UDP-glucuronosyltransferases. Phar-
macol. Ther., 43: 261-289, 1989.

Damanhouri, Z., and Nicholls, P. J. Further evidence for the inducing activity
of aminoglutethimide in the rat and mouse. Br. J. Pharmacol., 92: 727, 1987.
Breckenridge, A., Burke, C. W., Davies, D. S., and Orme, M. L. E. Immediate
decrease by hydrocortisone of the plasma half-life of antipyrine. Br. J.
Pharmacol., 47: 434-436,1973.

Etienne, M. C., Milano, G., Fischel, J. L., Frenay, M., Frangois, E., For-
mento, J. L., Gioanni, J., and Namer, M. Tamoxifen metabolism: pharma-
cokinetic and in vitro study. Br. J. Cancer, 60: 30-35, 1989.

Patterson, J. S. 10 years of tamoxifen in breast cancer. In: J. G. M. Klijn, R.
Paridaens, and J.A. Foekens (eds.), Hormonal Manipulation of Cancer:
Peptides, Growth Factors, and New (Anti)steroidal Agents, pp. 1-6. New
York: Raven Press, 1987.



