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ABSTRACT

Theantiestrogentamoxifen and the aromataseinhibitor aminoglute-
thimide show similarresponserateswhenusedin theendocrinemanage-
ment of advancedbreastcancer.However, numerousclinical trials have
demonstratedno increasein responseratefrom treatmentwith the drug
combinationof tamoxifen plus aminoglutethimide.We investigatedthe
possibility of a pharmacokineticinteractionbetweenthesetwo drugsin
six menopausalwomanwith breastcancer.All patleutswereinvestigated
underthreedifferentconditions(termedphasesA, B, andC). Thesteady
statekinetics of tamoxifen were determinedwhenadministeredalone
(phaseA) andafter coadministrationof aminoglutetbimidefor 6 weeks
(phaseB). In phaseB, thepharmacokineticsfor aminoglutethimidewere
determinedandcomparedwith theseparametersaftera tamoxifenwash-
out of 6 weeks (phaseC). The serumconcentrationof tamoxifen and
mostof its metabolites~[trans-1(4-fl-hydroxy-ethoxyphenyl)-1,2-diphen-
ylbut-1-enel,4-hydroxytamoxifen,4-hydroxy-N-desmethyltamoxifen,N-
desmethyltamoxifen,aud N-desdimethyItamoxifen~were markedly re-
duced following aminoglutethimideadministration,correspondingto an
increasein tamoxifen clearancefrom 189—608 mi/min. The amount of
most metabolitesin serumincreasedrelative to the amount of parent
tamoxifen.ihesedataareconsistentwith induetionof tamoxifenmetab-
olism duringaminoglutethimideexposure.We foundno effect of tamox-
ifen onaminoglutetbimidepharmacokineticsoracetylation.We conclude
that this aminoglutethimide-tamoxifeninteractionshould be taken into
accountwhen evaluatingthe clinical effect of this drug combination
relativeto nsonotherapy.

INTRODUCTION

The growth of humanbreastcanceris supportedby endoge-
nous estrogens(1, 2). Tamoxifenand aminoglutethimideare
drugscurrently used in the endocrinemanagementof breast
cancer,andthey probablyact by suppressingthegrowth-stim-
ulating effect of estrogens(2—4).

Tamoxifen [trans-i -(4-~3-dimethyIaminoethoxyphenyI)-1,2-
diphenylbut-I-ene] is a nonsteroidalantiestrogenwhich is ef-
feetive againstbreastcaneerin both pre- andpostmenopausal
women.It is assumedto exertits main effectsby blocking the
actionof estrogensat the receptorsite (4). Tamoxifenunder-
goes extensivehepaticmetabolism, and in man metabolites
formed by N-demethylationare the mai11 circulating speeles.
Significantamountsof hydroxylatedmetabolites,ineluding the
primary aleohol, 4-hydroxytamoxifen, (4) and 4-hydroxy-N-
desmethyltamoxifen(5) havealsobeendemonstratedin serum.
This may be important since somehydroxylatedmetabolites
havehigheraffinity in vitro towardtheestrogenreceptorthan
theparentdrug, tamoxifen(6—9). Thus, biotransformationof
tamoxifen may be an important determinantof drug action.
Known metabolitesof tamoxifen formedthrough demethyla-
tion audhydroxylationaredepictedin Fig. 1.
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Aminoglutethimide inhibits the enzymearomatase,which
convertsandrogensto estrogensin peripheral fat tissue (3).
This conversionis themain estrogensourcein postmenopausal
women. In addition,aminoglutethimidemay reducethe con-
centration of plasmaestrogensby enhaneementof estrogen
metabolism(10, II). Aminoglutethimidecausesresponserates
in postmenopausalbreastcancerpatientssimilar to thoseof
tamoxifen,but becauseof morefrequentsideeffectsaminoglu-
tethimide is generallyusedafter tamoxifen as a secondline
endocrinetreatment(12).

Combination therapy with tamoxifen plus aminoglutethi-
mideshouldaffordbothestrogenreceptorblockadeandreduced
plasmaestrogenlevels, and becauseof different targetingof
thesedrugs thecombination is expectedto be more effeetive
thanmonotherapy.Ihis possibility is supportedby studieson
humanbreastcareinomatranspiantedinto nudemice(13), but
theresultsfrom clinical trials havebeendisappointing(14—19)
since they all show that the responseto tamoxifen is not
augmentedby addingaminoglutethimide(Table 1).

The reasonwhy the responserate is not inereasedwith
combinationtherapyhasnot beenevaluated.Å pharmacoki-
netieinteractionshouldbe considered,especialLybecauseami-
noglutethimideis a potent inducer of certain hepaticmixed
funetionoxidasesandenhaneesthemetabolismof severaldrugs
andsteroids(10, 20,21). In addition,tamoxifenmight influence
thedisposition of aminoglutethimide.Tamoxifen is a potent
inhibitor of somemixedfunctionoxidasesin vitro (22)andmay
inhibit its own metabolism(23—25)as well asthemetabolism
of other drugs(26—28).

In thepresentpaperwe describetheeffeetof aminoglutethi-
mide on the disposition of tamoxifen in patients receiving
steadystatetamoxifentreatment.Wealsoreportthat tamoxifen
doesnot affect aminoglutethimidedisposition.Ihe investiga-
tion was motivatedby the largenumberof clinical studiesof
the combination therapy (Table 1) and also by preliminary
findings suggestingthataminoglutethimidealtersserumleveLs
of tamoxifenandits metabolites.3

MATERIALS ÅND MEIHODS

Patients.All patientsgavetheir informedconsentto partjeipatein
tbestudy.Six postmenopausalwomenwere enrolled.All of themhad
advaneedbreastcaneerrelapsingduring tamoxifen therapyandwere,
therefore,transferredto an aminoglutethimideregimen.Patientchar-
acteristicsaregiven in Table2. All patientsbad normalhver aud renal
funetion tests. Onepatient (K. N.) did not enterthe final partof the
study (pbaseC) becauseof rapidly progressingdisease.

Chemicals.Tamoxifen,metaboliteB, audmetabohiteX wereobtained
fram PbarmachemieB.V. (Haarlem,Hohland)audmetabolitesY, BX,
andZ weregifts from Imperial ChemicalIndustries,PLC, Pbarmaceu-
ticals Division (Macclesfield,United Kingdom). Aminoglutethimide
and N-acetylaminoglutethimidewere gifts from Ciba-Geigy (Basel,
Switzerland).

Study Protocol. The study protocol was approvedby the regional
ethicalcommittee.

C. Roseand E. A. Lien, unpublisheddata.
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INTERACT1ON BETWEEN TAMOXIFEN AND AMINOGLUTETUIMIDE
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Fig. 1. Proposedmetaboliepatbwaysof tamoxifen.

Table 1 Trials comparingramoxtfeninonovherupywith the combinationoftamoxifenandaminoglutetbimidein breastcancerpatients

Drug

2 Dose (mg)

Responserate

Ref.

CR + PR
n

TAM 10 bid. 18/60 30 14

TAM
AG
H

10 b.i.d.
250 q.i.d.

20 bid.

23/62 37

TAM 10 b.i.d. 3/9 33 15

TAM
AG
H

10 bid.
250 q.i.d.

21) bid.

4/11 36

TAM 10 b.i.d. 5/26 19 16

TAM
AG
H

10 b.i.d.
250q.i.d.

10 bid.

6/26 23

TAM 10 b.i.d. 21/49 43 17

IAM
AG
H

10 bid.
250q.i.d.
10+10+20

25/51 49

TAM 10 tid. 32/94 34 18

TAM
AG
H

10 tid.
250 q.i.d.

20 tid.

24/83 29

UAM 20 bid. 18/34 53 19

TAM
AG
H

20 bid.
250q.i.d.
10+10+20

11/29 38

UR,completeresponse;PR,partial response;n, numberof patienis;TAM, tamoxifen;AG, aminoglutetbimide;H, bydrocortisone.
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tNTERACTION BETWEEN 1AMOXIFEN AND AMINOGLUTETHIMIDE

Table 2 Parient characteristicsanddrug treatment

Patient
Age
(yr)

Treatment

Tamoxifen”

Durationof
treatment
beforeen- Aminoglutetbimideb

tranee(mo) Dose(mg) dose(mg)

A. K.
1. L.
M. H.
fl. H.
K. N.
M. F.

66
60
60
62
47
60

66 30 q.d. 250q.i.d.
30 30 q.d. 250 t.i.d.
41 20 q.d. 250 q.i.d.

6 30 q.d. 250 q.i.d.
31 30 t.i.d. 250 q.i.d.
18 80 q.d. 250q.i.d.

[‘hases A aud B.
~,Phasesfl andC.

Tamoxifenandaminoglutethimidepharmacokineticswereevaluated
under threedifferent conditions,termedpliasesA, B, and C. Drug
dosesaregiven in Table2.

PhaseA refers to ebronie(>6 months)treatmentwith tamoxifen
given as a single agent. Tamoxifen kineticsand serumlevelsof its
metaboliteswere determined.For the last 3 days prior to sampling,
tamoxifenwas given daily at 8 a.m. to all patientsatterovernight
fasting exceptpatientK. N. who received 30 mg t.i.d.4 at striet 8-h
intervals.On the dayof investigation,tamoxifen was given at 8 a.m.
Blood samplesweredrawn0, 0.5, 1, 1.5, 2, 3, 4, 6, 9, 12, 15, and24 li
atterIhe lastdose.

PliaseB is attertreatmentwith the combinationof tamoxifenplus
aminoglutetbimideandcortisoneaeetateat fixed dosesfor 6 weeks.
Eachpatient receivedthe samedoseof tamoxifenas during phaseÅ.
Aminoglutetbimide(250mg q.i.d) was givenwith cortisoneacetate(50

mg b.i.d for 2 weeks;thereafter25 mg b.i.d.) as recommended(29).
Cortisoneaeetateis combinedwith aminoglutethimidetreatmentbe-
causeaminoglutethimidebloeks the adrenal steroid synthesis(20).
During thelast3 daysbeforesampling,tamoxifenwasgivenasin phase
A. Aminoglutethimideandcortisoneacetateweregivenat striet 6-and
12-li intervals, respeetively.On the dayof blood sampling,all drugs
were given at 8 a.m. atteroverniglit fasting. Ihen, cortisoneacetate
was given after 12 h, andtamoxifenwas givenafter 24 h, but amino-
glutethimidewas withheld for 48 h. Ihe samplingsehedulewas as
deseribedfor phaseA with additionalsamplesobtainedat 36 and48 h
to allow for determinationsof aminoglutetbimidehalf-life.

PliaseC is 6 weeksaftercessationof tamoxifentherapy.During this
periodthepatientsweretreatedwith aminoglutetbimideandcortisone
acetateonly. Ihe kineticsof aminoglutetbimideweredeterminedasin
pliaseB.

Blood sampleswereobtainedby venouspuneture.Faeli samplewas
allowed to elot for 30—60 min prior to centrifugation.Serum was
removedandstoredat —20~Cuntil analysis.To eliminatebetwecn-day
variationsin theanalysis,all samplesfrom eachpatientwere anaXy~ed
in tbe sameran.

Determinarionof Tamoxifenand Its Metabolites.We useda modifi-
cation of a high performanceliquid chromatographyassaydescribed
previously (30). The metbod and the moditleationsare as follows.
Samplesof 250 /11 of serumdeproteinizedwith acetonitrile werepost-
column on column coneentratedon a small precolumn(0.21 x 3 cm),
packedwith 5 pm ODS material.Ihe analyteswerethendireetedinto
an analytical ODS Hypersil column (0.21 x 10 cm) by elution and
columu switching. Ihe mobile phasesand otber detajis have been
deseribedpreviously(5, 30). Tamoxifenandits metaboliteswerepost-
columu convertedto fluorophors by UV illumination while passing

The abbreviationsusedare: t.i.d., 3 times/day;q.i.d., 4 times/day;b.i.d, 2
times/åay;q.d., I sime/day;CV, coettiejentat variation; ODS,octa6ec~lstiane;
metaboliteV, [trans- I (4-4-bydroxyethoxyphenyl)-i ,2-diphenylbut-I-ene]; metab-
olite B, 4-bydroxytamoxifen;metaboliteBX, 4-bydroxy-N-desmethyltamoxifefl;
metaboliteX, N-desmethyltamoxifen;metaboliteZ, N-desdimethyltamoxifen;
LC/MS, liquid ehromatography/massspectrometry;HPLC, bigb performance
liquid chromatograpby;CL, total body clearanee;AUC, aresundertheconcen-
tration-timecurve; (~, maximum coneentrationduring anedosing interval;
C,,,,,, minimum concentrationduringane dosinginterval; M, themoleenlarjon;
m/z, tbemassto chargeratjo.

through a quartztube and then monitored by tluorescencedeteetion
(30).

The within-day precision (CV) of the assayfor tamoxifen and its
metabolitesV, B, X, audZ were0.6—5.6%for serumtevelsbetweeu10
aud 800 ng/ml. Becauseour standardfor metaboliteBX is a mixture
of the cis and trans isomers(5), the CV was not determinedfor this
metabolite.

Determinatianof AminoglutetbimideaudA1~Aeetylaminoglutethimide.
Serumwasdeproteinizedusinga mixtureof acetonitriile audpereNorie
acid. The sampleswerechromatographedon a 3-gm ODS Hypersil
columu, whlch waseluted isocraticallyas deseribedpreviously (31).
The absorbancewas rautinelyrecordedat 242 um.

The CVs for aminoglutetbimideaud N-acetylaminoglutethimideat
a coneentrationof 0.5 ~ig/ml are 3.9 aud2.6%, respeetively.

Identification of Metabolite BX by LC/MS. For patientK. N., all
serumsamplesfromphaseA andall samplesfrom phaseB werepooled
in separatetubes.Tenml from eachpool wasextractedwith 10 volumes
of hexane/butanol(98/2, v/v). Ihe supernatant~as evaporatedin
plasticbeakersat55~C undernitrogen,redissolvedin i ml 50% aceto-
nitrile, aud centrifuged. Ihe superuatantwas transterredto sample
vials, capped,audanalyzed.Ihe analytical columnwasconneetedto a
LC/MS thermospraysystem(model201; Vestec,Houston,IX). Before
enteriugthe thermospray,theetfluentfromIhe columuwasmixedwith
0.1 M ammoniumacetate,deliveredata rateof 0.3 mI/min via a zera
deadvolume li-connector.The flow rateof the HPLC systemwas 0.7
mI/min.

PhartnaeokinetieCalculatious.Ihe areaunderdrug caneentratian-
time curve during steadystatecorrespondiugto ane doseintervalwas
caleulated,usingthetrapezoidalrule (32). Clearancewascaleulatedby
theformula:

(A)FD
AUC~

whereF is thefractiouatthe dose(D) absorbed,andAUC~5 is thearea
underthe coneentration-timecurvecorrespondingto onedosing inter-
val during steadystate treatment(33). For aminoglutetbimide,F is
claseta i (34). For tamoxifen, thevaluefor F is unknownin humans,
butF is close ta 1 in animals(35). Becausethereis indirectevidenceat
goodabsorptionin man(24), we assumedanF valueequal to i in all
patientsunderall conditiattsinvestigated~phasesA andB).

Ihe tractionatdrug convertedta themetabolite(JA~) is givenby the
equatian(32):

AUCme,Clme~

AUCdrut
(B)

whereAUQ,,, audAUC’
4,,,~ aretheareaunderthe serumconcentratian-

time curve for thc metaboliteaud drug, respectively.Clme, is the clear-
ancetor metabolite,and ‘ldrug is theclearancefor theparentdrug.

Rearrangementof equatianB gives:

AUCm,, _ Cldrng

A UC4,,,5
(C)

A tormulaexpressingthe relatianshipbetweenAUCme~ andf,, and
Cim,, wasobtainedby cambiningequatiansA aud B:

F.D
AUCm~, = j,,, (D)

StatisticalMetbods.Ihe Wilcoxon signedrank test tar paireddata
was usedto comparethe tamaxitenpharmacokineticparametersab-
tainedin phasesA aud B aud aminoglutetbimideparametersin pliases
~ audC. P valitesv~eteaX.’aa~s~xpttssvd ast’au taiWd.

RESULTS

Effect of Aminogluteihimide on Tamoxifen Kineties and Me-
tabolisin. We comparedthe steadystatepharmacokineticsaud
serummetaboliteconcentrationsof tamoxifen given asa single
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INTFRACTION BETWEEN TAMOXIFEN AND AMINOGLUTETHIMIDE

Table3 Effectofaminoglutetbimidetreatmenton wmoxzfenpharinacokinetics

Tamoxifen

Patient Aminoglusethimide”C,,,.~
5~ AUd

AK. — 113 66 1761
+ 50 23 767

2.3 2.9 2.3

I. L. 160 93 2647
65 24 770

2.5 3.9 3.4

229 104 2929
81 36 1052
2.8 2.9 2.8

— 433 212 7775
+ 124 44 1494

3.5 4.8 5.2

+

t

MetaboliteV

C~, C, AUC

24 13 314
19 7 271

1.3 1.9 1.2

MetaboliteB

4 3 62
3 1 41
1.3 3.0 1.5

18.1 6 194 10 4 129
13 4 119 6 2 63

1.4 1.5 1.6 1.7 2.0 2.0

MetaboliteBX

11 6 192
9 2 117
1.2 3.0 1.6

8 3 119
00 0

8 1 42 18 10 312 55 15 500
7 I 53 14 10 248 0 0 0
1.1 1.0 0.8 1.3 1.0 1.3

37 16 478
35 6 315

1.1 2.7 1.5

MesaboliteX

207 141 3804
121 78 2061

1.7 1.8 1.8

264 170 4545
95 64 1909
2.8 2.7 2.4

308 135 3793
117 77 2078

2.6 1.8 1.8

2 0 11 62 33 1166 379 268 7578
0 0 0 3 0 2 160 86 2432

20.7 583 2.4 3.1 3.1

Metjabolite Z

C,. C,,. AUC

23 12 370
18 8 271

1.3 1.5 1.4

40 20 630
15 5 238

2.7 4.0 2.6

32 12 613
13 7 230

2.5 1.7 2.7

62 38 1204
33 9 387

1.9 4.2 3.1

— 356 279 7515 159 112 3208 21 12 409 64 45 1302 1100 860 23277 231 164 4627
i- 93 63 1792 83 54 1531 5 4 94 9 0 150 333 240 6731 100 62 1849

3.8 4.4 4.2 1.9 2.1 2.1 4.2 3.0 4.4 7.1 8.7 3.3 3.6 3.5 2.3 2.6 2.5

— 323 143 4728 160 61 2171
+ 162 31 1558 75 22 845

2.0 4.6 3.0 2.1 2.8 2.6

3 0 35 74 13 770
3 0 39 0 0 0
1.0 0.9

647 424 12588 109 63 1832
361 178 5484 78 28 1096

1.8 2.4 2.3 1.4 2.3 1.7

Mean — 269 150 4559 68 35 1068 10 5 160 46 19 675 484 333
Mean + 96371239 39 16522 5381 40.345 198121

2.8 4.1 3.7 1.7 2.2 2.0 2.0 1.7 2.0 11.563.3 15.0 2.4 2.8
Signifteancj (P) — vs. + 0.032 0.063 0.063 0.032

—, withoutaminaglutethimidetreasment;+, duringaminoglutetbimidetreatment;—/+, ratjo.
b na/mI.

og/mI.
d ng.h.mL’.

PatientK. N. usedtamoxifentbreetimes daily. A UC in this patientis estimatedduring8 h and normalizedto 24 h.
~Wi1eoxon signedranklest for paireddata.

9264
3449

2.7
0.032

83 52 1546
43 20 679

1.9 2.6 2.3
0.032

agent (phaseÅ) with these parametersin the samepatients 400
when they were given the drug combination ot tamoxifen plus
aminoglutetbimidefor 6 weeks(phaseB).

Fig. 2 shows the steadystate serumprofiles for tamoxifen 300
and its metabolitesin patient M. H. during onedosing interval
in theabsenceandpresenceofaminoglutethimide.In agreement
with earlier results (36), the serum levels of tamoxifen and ,-~. 200
metabolitesY, BX, X, andZ reachedamaximumconeentration E
(C,nax) about 2 h after drug intake (data not shown). The ~
differencebetweenCmax andthe lowestlevel during onedosing ‘5.
interval (Cmin) was reducedfor tamoxifenand its metabolites
during aminoglutethimidetreatment(Fig. 2 andTable3). No- ~
tably, theconcentrationsofmetaboliteBX werereducedto near _ 60
thedeteefionlimit during thecombination therapy.Ihe results ~

Qfor all 6 patientsaresummarizedin Table3.
0

The marked reduetian in the amount of metabolite BX in ~
serumduring aminoglutethimidetreatment(Table3), wascon-
firmed by massspeetrometryanalysis. Ihe LC/MS tracesfor ~
the(M + 1)~ ion showthat this metabolitenearly disappeared ~in

in serumduring aminoglutelhimidetreatment(Fig. 3).
Åminoglutethimide causeda significant decreasein A UC

(P = 0.032) far tamoxifen(meanreduction,73%; range, 80—
56%),correspondingto ameaninereasein tamoxifenclearance
of 222% (Table 4). AUC for most metaboliteswas reduced
(meanreduetion,about 50%)(Table3). 0

Ihe ratio AUC,ne~/AUCdrut increased35—80%during amino- 0 6 6
glutethimidetreatmentfor all metabolites,exceptmetabolite
BX (Table5).

AminoglutethimidePharmacokineticsand Åcetylation. Ihe
pharmacokineticsof aminoglutethimideandits metabolite,N-
acetylaminoglutethimide,weredeterminedin patientsreceiving
chronictreatmentwith thedrugcombination oftamoxifen plus its metabolitesweredetectedin patient sera,with the exceptian
aminoglutethimide (phaseB) and after tamoxifen was with- otmetabolite X which wasfaundin law cancentrations(<1 ng/
drawnfor 6 weeks(phaseC). In phaseC neitbertamoxifennor ml) in serafrom threepatients(Å. K., M. H., andM. F.). The
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Time afterlastdose(h)
Fig. 2. Serumcancensrationscurvesfor tamoxifenandmetabolitesin patient

M. H. during ane dasinginterval. PhaseA is steadystatetamoxifentreasmens.
Phasefl is after6 weeksof combinatiantherapywith tamoxifenandaminoglu-
tetbimide.Thetamoxifendosewas30 mg oncedaily in both phases.

M. H.

11. H.

M. F.

12 18 240



INTERACTION BETWEEN TAMOXIFEN AND AMINOGLUTETHIMIDE

resnits from a singlepatient (B. H.) are shownin Fig. 4. Data
from all patientsaresummarizedin Tables4 and6.

Tamoxifendid not affeetthepharmacokineticsof aminoglu-
tethimideor its conversionto N-acetylaminoglutethimide(Fig.
4 andTables4 and6).

DISCUSSION

Thisstudydemonstratesapronouncedreductionin theserum
concentrationsof tamoxifenandmostof its serummetabolites
during aminoglutethimidetreatment(Table 3). Severalexpla-
nationsshouldbeconsidered.Åminoglutethimidemaydecrease
theserumconcentrationof tamoxifenand its metabolitesby
reducingtheabsorptionof tamoxifen,reducing tamoxifenpro-
tein binding, or by enhancementof tamoxifenmetabolism.

4 5 6

Retentiontime (min)

Fig. 3. Chromatograpbyof extractsfram paoledserafrom phase.Aatidphase
fl (patientK. N.).ReversedphaseLC/MS andsamplepreparationwerLjserformed
asdescribedin thetext. Tapvrace, seleetedian-manitaringtracefor tb~ (M -- I )~
jonfor metabaliteBX ~374m/z> fram phaseA (tamoxifensssingledru~);bottom
trace, phasefl (tamoxifencombinedwith aminoglutetbimide).Thesecondpeak
eluting after6 min is due to interferencefrom the tamoxifenpeak~372m/z).

Åminoglutethimideis not known to influencethegrowth of
intestinalbacteriaor drug uptake.Thus, thereare no datato
suggestthat aminoglutethimidemay impair tamoxifenabsorp-
tion.

Tamoxifenis highly (>98%)boundby protein in serum(30)
andalterationsin protein binding may affect themetabolism
and distribution of this drug. Becauseaminoglutethimideis
only moderatelyproteinbound(about25%) (34), it is unlikely
thataminoglutethimidecandisplacetamoxifenfrom its binding
sites.

Our datashow that aminoglutethimidereducesthe serum
level andenhancestheeliminationof tamoxifen,corresponding
to an increasein tamoxifen clearancefrom 189—608 mi/min
(Table4). This effeetfrom aminoglutethimideis probablydue
to induction of tamoxifenmetabolism,becausethereis ample
evidencethataminoglutethimidemaystimulatemetabolieproc-
essesimportant in tamoxifen biotransformation.

Tamoxifen is metabolizedby hydroxylationsanddemethyl-
ationsfollowed by glucuronidationof thedifferent metabolites
as well as of tamaxifen itseif (Fig. 1) (4, 35, 37). Åminoglute-
thituide is an efftcieut inducer of cytochromeP450 mixed
functionoxidases(10, 20, 21, 38, 39), andit showssimilarities
with phenobarbitalin this respect(40). Treatmentof ratswith

Table4 Interautionbetweenaminogluvethimideund vamoxtjén

Ciearanceof Clearanceof
tamoxifen aminoglutetbimide
(mi/min) (mi/min)

Patient —AG” +AG” —TAM~ +TAMd

A. K. 284 652 105 84
1.L. 189 649 113 87
M.H. 114 317 175 235
fl.H. 64 335 111 107
K. N.~ 200 837
M. F. 282 856 71 86

Mean 189 608 115 120
Signifteanee (J~)f 0.032 >0.20

“No aminoglusethimide,phaseA.
Aminoglutethimidetreatmens,phaseB.
No tamaxifen,phaseC.

dTamoxjfentreatmens,phaseB.

K. N. did notenserthe fsnal partaf tbe studybecauseofrapidly pragressiog
disease.1Wileoxon signedrank sessfor paireddata.

Table5 Ljjéctofsteadystateuminoglutethimidetreatmenton the arnounroframoxsjénmetabolitesrelative to parentdrug in serum

Patient Aminoglutetbimide

AUC~”‘ for metabo1ite/AUC~’for tamoxifen

V B BX X Z

A. K.
+

0.18
0.35

0.04 0.11 2.16
0.05 0.15 2.69

0.21
0.35

1. L.
+

0.07
0.15

0.05 0.04 1.72
0.08 2.48

0.24
0.31

M. H.
+

0.01
0.05

0.11 0.17 1.29
0.24 1.98

0.21
0.22

fl. H.
+

0.06
0.21

0.001 0.15 0.97
0.00 0.001 1.63

0.15
0.26

K. N.
+

0.43
0.85

0.05 0.17 3.10
0.05 0.08 3.76

0.62
1.03

M. F. 0.46
0.54

0.01 0.16 2.66
0.03 <0.001k 3.52

0.39
0.70

Mean 0.20
0.36

0.04 0.13 1.98
0.07 0.04 2.68

0.30
0.47

0.032 >0.10 0.032 0.032 0.032P — vs.

“A UC?,A UC in steadystateduringanedosinginterval.
flX not deteesable during aminoglutetbimide therapy.
Wilcoxon signedranktestfar paireddata.
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fl-

fl

fl
t.t

fl
0
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Fig. 4. Serum coneentrationcurves far aminagluteshimideand N-acetylami-
noglutethimidein pasientB. H. Phasefl isafter6 weeksof combinasiontherapy
witb tamoxifen and aminagluseshimide.PhaseC is during administration of
aminogluseshimidessa singleagent 6 weeksafter cessasianaf tamoxifentreat-
ment. In both pbasesthe kinetiesof aminoglotetbimidewererecordedduringa
periodaf48 h of withdrawai of this drug.

barbiturateincreasesdemetkylationof tamoxifen in hvermi-
erosornesin vitro (41).

Induction of glucuronidationhasbeenreportedin man after
treatmentwith other welL-known enzyme inducers such as
phenytoin,phenobarbital,andrifampicin (42), andrecentlyrat
hver glucuranidationwas found to be enhancedby aminoglu-
tethimide (43). The twn hydroxylatedmetabolites,B andBX,
areexcretedin bile (5). Iheir biliary excretionas glucuronides
maysignificantly contributeto their totalclearance,andinduc-
tinn afglucuronidationof hydroxylatedtamoxifenmetabohites
by aminnglutethimidemay decreaseserumlevelsof thesespe-
eies.

N-Glucuronidationof tertiary amineshasbeendemonstrated
only in higherprimates(42), suggestinga metabolicpathway
for tamoxifen in man, not existing in mostexperimentalani-
mals. Stimulation af tamoxifenN-glucuranidation(Fig. 1) by
aminoglutethimidewould enhancethe metabolicclearanceof
thedrug but cannotexplain thealteredratin betweenA UC for
ametaboliterelativeta thatof theparentdrug.

The observationthat A UC for tamoxifen metabolitesis re-
duced(Tables3 and5) alsoagreeswith theideathataminogitt-
tethimide affects tamoxifen metabolism.Our study doesnot
allow delineationof thekinetiesbehindthe reductionin metab-
olite AUC’. Åccardingto equationD, AUC’me, dependson the
fraetionof tamoxifenconvertedinto themetabohiteas well as
on themetaboiiteclearance.These(fl,, andCL,,,,,)areparameters
not accountedfor by thepresentstudydesign.However, reduc-
tinn of A UC for tamoxifenmetabolitesmaybe due to reduced
I,,,, nr inereased~ Reductionin i,,, mayresult if aminoglu-
tethimide stimulatestheformatinnaf metabohitesnot detected

by our HPLC system,whicb wasoptimized for tbeanalysisof
triphenylethylenespresentin humanserumduring monother-
apy (30). Increasedmetaboliteclearancemay occurfohlowing
enhaneementof metabohicglucuronidation.

Ourpatientsweregiven cortisoneacetateasaglucncorticoid
substitutionduring aminoglutethimidetreatment.Ihereis evi-
dencethat cortiensternidsmay affect themetabohismof some
drugs(40, 44). Wedo notconsidercortisoneacetateresponsible
far theobservedalterationin tamoxifenmetabohismfor twn
reasons.First, aminoglutethimideis an inhibitor of adrenal
cortisol synthesis,andthecortisoneacetatesubstitutiondoes
not inereaseplasmacortisol abovephysiological levels (34).
Second,aminoglutethimideis an enzymeinducer also in the
absenceof glucocorticoidsubstitution(39).

The effect of aminoglutethimideon tamoxifenmetabalism
has important imphications.Obviously, lowering the serum
coneentrationof tamoxifenandits active metabohitesreduces
their effects. In addition,aminoglutethimideinereasestherei-
ativeamnunt in serumof mostmetabolitescomparedwith the
parentdrug (Table 5). This also suggeststhat the tamoxifen-
aminogLutethimideinteraetionis due to increasedmetabohism
and not deereasedgastrointestinaiabsorption (seeabove).An
inereasedratioAUC,net/AUCdr,,gis observedfor thehydroxyLated
metaboliteB, whereasthe ratio decreasesfor metaboliteBX,
anotherhydroxylatedmetabohite.Thesemetabohiteshaveenn-
siderablyhigheraffinity for theestrogenreceptorthan tamox-
ifen itseif (6—9). It has recentlybeendemonstratedthat the
inhibition of growth of theestrogenreceptnr-positiveMCF-7
cehisin thepresenceof tamoxifenandmetabolitesY, B, X, and
Z parallelstherelativeaffinity of theseagentsfor theestrogen
receptor(45). Effeets of higher dosesof tamoxifen given in
combinationwith aminoglutethimidemay thereforebe infitt-
encedby thealteredmetaboliteprofile of tamoxifen.

Tamoxifen is aweakestrogenagonistandstrongantagonist,
andtamoxifenmetabolitesmay also haveagonistienr antago-
nistie properties(46). Ihus, alterationsin tamoxifenmetabo-
lism inducedby aminoglutethimidemay increasetheamnunt
of estrogenagonistsat theexpenseof estrogenantagonists.
Such a metaboliceffect would counteractthebiological effect
of aminoglutethimidethought to be mediatedby estrogende-
pletion,andadeereasedadditiveeffectof thedrugcombination
of tamoxifenandaminoglutethimidewould ensue.This enuld
explain thenegativeresultsfram the chinical trials of this drug
combination.

Ourresultsalsoshowmajorvariationsin ratiosof tamoxifen
to its metabohitesin theabsenceof aminoglutethimidetherapy
(Table 3>. This ralses thequestionthat breastcaneerpatients
who respondto tamoxifentherapymay haveatamoxifenme-
tabohism differentfrom that of thenonresponders.

There are occasionalreports that tamoxifen interaetswith
other drugs (26—28). We observedno effeetof tamoxifenad-

Table6 Effectofsamoxifentreatmenton aminoghaethimidephurmacokinedcsandacetylavion

Tamoxifen”

Aminoglutetbimide
N-Acesylaminoglutetbimide

AUC~’ (gg.h.mI’)
A UC”5

( gb.mL’) T¼(b) (liter)

+ Meand
SD

40.5
13.5

7.4
1.4

76.1
42.1

4.2
2.4

7.2
1.8

75.8
38.7

3.8
1.6

Mean 39.3
5D 12.4

“+. doring tamoxjfentreatment(phasefl); —, witbout tamoxifen(pbaseC).
AtJC in steadystatedoring anedosinginterval.

~Pharmacokjneticvolume afdistribution duringterminal phase.
d n = 5.

Time atter last dose (h)
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ministration on thedispositinnof aminoglutethimide(Tables4
and6).

In conelusion,thepresentreport demonstratesthat amino-
glutethimidemarkedlyredueesserumenneentrationsoftamnx-
ifen andits metabohites,probablyby inducing tamoxifenme-
tabolism. Ourfindings suggestthatchinieal trialsperformedon
tamaxifenplus aminoglutethimidecombinedtherapy(14—19)
may bebiasedby low tamoxifenserumlevelsandehangein its
metaboliteprofile. Ihis may explainwhy combinationtherapy
did not resultin significantlyhigherresponseratesthantamox-
ifen monotlierapy(Table 1). Future clinical trials of thecom-
bination therapysbnuldthereforeineludeserumconeentration
monitoring andtamoxifendosesshould possibly be inereased
to compensatefor deereasedbioavailability of tamoxifenand
its metabolites.
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