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 MEDICAL INTELLIGENCE

Joun A. Qares, M.ID., Ediler
Avasrair J.J. Woon, M.D., Assaciats Edilor

THE USE OF KETOCONAZOLE AS AN
- INHIBITOR OF STEROID: PRODUCTION

" NicoLerrs SoNING, M.D,

 ETOCONAZOLE s an imidazole derivative
that is chemically related to miconazole (Fig. 1},

1t is.dn oral anumycotm agent with broad-spcctrum
activity and low toxicity,"* The drug is considered to

.rcprcsenﬁ an )mportam inmoyation in the trestmeént of
fungal disease anid has been used extensively in clini-

cal practice for' the past. five'years, The development of .

gynecomast:a in. some patients tréated for'miycosis first
led to the mvesugatmn of the drug’s effect on the pro-
duetion: of testosteronc‘ " Thereafter, ketoconazole
was: shown. to- be:a. potcnt inhibitor .of gonadal and
adrcnal steroid . synthcsxs in: vitro and.in vive, >4 The
fi ndmg of its-ifmportant endocrme effects: has aroused
a new iterest in, this agent.!' Extensive studies have
been carried out to-elucidate its mechanism: of action.
In addition; there have been clinical tiials to assess its
therapeutic potential. Because: ketoconazole acts as &
steroid inhibitorwith-differential selectivity, itisa new
therapeutic tool i the management of condmons An

which it is-beneficial to suppress. gonadal br-adrenal

hormone production, such .as prostate dancer and
Clushmg s syndrome, rcspcctlvel)f
' MECHANISM OFAGTION

Ketoconazole inhibits the. synthesis of ergosterol in
fung1 and of cholesterol in mammalian ceils.'>!% In

addition; it interféres with cytochrome, P-4:50 enzymc:

systcms in several organs — namely, the tesLy;” ovas
ry,% adrenaligland, 7k1dney,"” and liver. "% Like other

imidazole driigs, it appedrs o mteract fthh cyfo-:

chromé P=450 at the. hcme 1r0n. s:tc ’v“’

Steroldogenesrs '

The most sensifivé site of actior in humans appears :

to be the €70 lyase (Fig. 2, e.xplauung the greater
suppressibility of: festosterone secretion, as compared
with cortisol. sccretlon, in humgns dfter a singlé dose of
200 or 400 mg.'%'? A similar finding has biceni reported

l‘mm the Digpartment of :Biochemistry, State Umvus:ty ‘of New York at Buf-
falo. Bisffald: N, Y., and the Instituts'of Medical Semloties; UniversRy of Padua,
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in male beagle dogs. 2% Inhibition of C,7.90 lyase has.
been démonstrated by-an increase in'ratios of precur<

sor (17a~hydroxypms;ea terone or 17¢; 20a-d1hydroxy-~-

Pprogesterone or both) to product (andxzogtenedmne or

testosterone). both: in-vive'®®® and i vifro.'##-2% Aj)
in vitro studies. to test 017,20 lyase have used festis,

‘prcparauons, ‘but clinical data show: that. both. gunad;ﬂ,

and adrenil androgens decrease alter ketocondzole
indieating: interference with
adrenal Giz.06 Iyasr: as well; the extent of thig inhibi~
tion: hay not been determined. Since there:is evidence'

'ithat I7a-hydroxylase and, Cy7.20 lyasa activities reside;.
‘in & single cnzyme, it is not surprising that ketocona-
‘zole inhibits 17a—hydr0xylase as well (Fig. 2). 212326

Cholesterol side-chain-cleavage blockade by keto-
conazole has bcqn demenstrated in bath testicular and
adrenal tissue preparauons UH2H28 T vitro studies in-
rat testicular microsormies have shown thatcholesterol -
side-chain cleavage hias a hlgher sensitivity. to ketocons
A species-dependent -
sensitivity may-account for this. finding, Adtenocorti-
cal steraid biosynthesiy is also dnhibited: at. the. 118~
hydroxylation'#2%%! and 18-hydroxylatlon steps S
Ketoconazole is more potent in vitro than metyrapoie
in the inhibition. of hoth 113- hydmxylasc and cholcs- o
terol side-chain. cleavage (Fig. 2y.71 ‘

The effects. of ketoconazcle on estrogen synthes:s..
have not been fully- clarified. In confrast Lo mn ‘
findings that the agent inhibits rat ovarian®*2 and tes-
ticular®® and human placental’® aromatase, in. v
stud:cs have shown that the estradiol:testosterone:
fatig is increased in men given: kethOnazole,"s'aﬂ" No:
data are available on éstrogen Jevels. in women dur-
ing treatment. At inhibitory effect on oversecrétion ot‘
estrogen: by adrenal tumors has been reported 2538

Itis of intérest that much higher congeritrations are
required affect cytochrome P-450-dependent en-
zymes in mammalian tissues than to inhibit fungal
cytochrome P-450.!%342 This may explain why én<
dotrine effec bQ'Ome gvidentin ‘patierits onlyat high

ti¢
ient for anufungal activity are needed ‘to: inhibit an-
drogen, -Synthesis in testis. microsoxries, Cholesterol
side-chain cléavage in testes and adrenals and adrenal
11B-tiydroxylase. are inhibited at even hlgher con-
centrations. A8

Sterold Transport and Action
"Tni addition to a.direct dction on multiple enzyme:

systems in different steroidogenic. glands; other'mech-
- anisms by which ketoconazole may. produce endocrine

effécts have been described. A glucocoz‘ncoxd artago-

‘hist acuvxty, whlch acts' by occupying. glicocarticoid

@::r'

receptors, et observed in. cultited hepatoiria

cells.* Displacement of dilydrotestosteroneand, to a
greater extent, -estradiol from sex»hormone—bmdmg
| g}ubuhu by ketocoiiazole is observed inl vitrd at drug
concentrations. equivalent to those in patients recciv-
ing high therapeutic.doses.” + ' Cortisol bmdmg to; corti-
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Figure.1. Structure of Ketoconiazole:. -~ |

a gignificant. elevation of the estradiolitestosteroneTa:
tio {both total and free hormone) occurs;***¢ but the:
percentages: of Bound and free fractions of both hor-
mories:are not significantlyaltered;:thus, the displces-
ment of estradiol from: it$ binding: globulin is not
rélevant in vive.»3%% The increased estradiol:testos-.
teroné ratio may be an important factor in. the devels.
* opment.of gynecomastia,*? 2 priricipal side effect-of
the drug.b3835 ' o
Keétéeonazole seems to have no direct gifect at the
‘pituitary level on the secretiomof either adrenocorticos
tropin®or lutéinizing Hormone® ity rat tissue studied,
in vivo and in.vitro, This is in agreement with clinical
findings, as discussed below. o ‘

PHARMACOLOGY, . _

Thehormonal changes: produced by the.administras

. tion.of ketoconazole aré dose-dependent.and fully re-
versible,#&10,19203550:48 o ieh recovery, from steroid=
ogenic blockade 8-to 16 hours after an oral dose.”»®
A considerable degree of variation in the bioavailabil=
ity of the drug has been observed in. pharmacoki-
netic studies.*5% .

In normal subjects given a single oral dose'of 200 or
400 mg of ketoconazolé, the peak seruri conicéntras -
fions occur at two hours and are-3 .
toe 4 and § to 8 ug per milliliter,

MEDICAL INTELLIGENCE -~ SONING'

8i3

has been found to be biphasic, with an initial halflife
of 1 to 3.3 hours®®™ and a terminal haiflife of 8

‘hours, 431 \P,rotein.-binding studies have shown 4 high

percentage of ketoconazel¢ bound to plasma proteins,
mainly albumin: 99 percent in iuman whole blood,*”

and 93 and 91 percent in human serum at:seruni con-

centrations of 30-and 25 ug per milliliter.** The drug:
is. widely distributed in hody fluids, with detectable:
concentrations.in urine; saliva, sehum, and cerumen.
after a 200-mg oral dose.* In-a patient recciving 400 :
mg pér day, semen. ketoconazole concentrations one:
and three hours after the dose were 0.9 and 0:25 fig per:
milliliter, indicating penetration -info the genitouri-
nary. trict.*' One study found: that after an 800-mg-
dose; ketoconazole was measurablg in the cerebrospi-:
nal fluid. > oy e
Ketoconazole is extensively metabolized. into-inac-.
ive compounds, primarily by the liver:*7* Metabo-
lifes and unchanged drug’are:excreted mostly in. the
feces, with. very: little excretion into the urine. Al
thongh renal fmpairraent does Hot seety 1 cause accus
mulation of the.drug, hepatic insuffici¢hcy is a.contra=
indication to.its use, since the agent is metabolized
mainly by the liver and might worsen liver-damage:by
producing a toxic efféct, 18 o

In addition to its hepatotoxicity, ketoconazole’s ins-
terference. with some mixed-furiction: oxidase, systems
in, liver microsomes!*!%" may havé important non-
endgcring clinical effects:that result from alterations i
‘the lepatic:metabolism of: the-dfug.. Possible drug.in-.
teractions, which are.most.likely due to inferférence

‘with enzyme activities in liver microsomes, includg
‘potentiation of oral anticoagulants by ketoconazole;”

markedly diminished sérum concentrationsof both ri-

fampin and ketoconazole upon simultaneous adminis-
tration of those agents,”® a delay in the post-dose peak

of kefoconazolé concentration: during long-term ad-

respectively#€1% Higher - serum -

ANDROGEN

levels’ are found in patients taking,

800 16 1200 ing per day. 5 At eight.

hours; the drug is- still measurable
in serurn,. but it. is. undefectable: at

24'hours. 34547 Admisiisteation ime -

mediately after a meal results in-

lower: serum. levels. than does ad=
‘ministration. during fasting,
Gastric:acidity is. required. for-ab-

sorption, which may. be impaired -

16,48,49;

by achlorhydria or antacid miedi-:. -

cation, 8¢ ‘

Serum or plasma levels of kéto- -
conazole have been determined by -
bioassay*®%! and by. more sens .

sitive high-performanceliquid chro~

matographic. methods.®%% Even at. -
high concentrations the -drug .does -

not interfere with hormore fadio-
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ministration of phenytoin,® accumulanon of cyclo~
sporine during ketoconazole therapy 'y and inhibition.
of the dispesition: of* methylpredmsolonc.

Side-Effects.

The st common side effects at the doses usually:
employed for fungal infection (200 to 400 mg per day)

‘are gastmmtestmal reagtions, pruritus; and -alter<

ations in’ hepatic fuiiction.15:47/18:56,80-62 About 10°per~
cent of patients have transient abnormalities:in livér

function,%%%* but the incidence of true hepatic injury
Seems to b he very:low (0.1 to 1 .0 pexcent), #748.50 Fatal

hepatitis® and anaphylaxis®® have also been reported.

“The mechanism.of liver damage induced by ketocona-

zole is still unclear: It:seems to.involve an idiosyncrat-
ic type: -of réactioir that docs not depénd on the daily
dosé or the duration .of treatment.. However, an i

mnune hypcrscnsmvxty mécharism could not be ex+

cluded: in: some ‘cases: Bmchcmical tests and assess~
ment forclinical signs-of liver dysfunction at periodic
intervals {i.c., biweekly for- the first twa. months and:
thien: munthiy) aré therefore advised. No inicieased in-
cidence of hepatotoxlcxty has: been. reported. iny pa-

-tients receiving prolonged high-dose tieatment {800.to
1200 mg per day). In panents on tegimeén of 2000 t6 -

400.mg per.day, gynecomiastia®® is very rare: At highs
er doses, endocrine effects, such ag 1mpa1rment of tes
ticular function®® and adrenal insufficiency; %% may.
oceur. Itis because ketoconazole produces sich effects:
that it bas been used to. treat clinical coriditions- that
may bengfit from. inhibition of either gonadal or adre:
nal steroid production (see below).

INHIBITION mr' AN‘DROGEN PRODUCTION

A substantial decrease in toial and free tes tosterone
and androstenedioné levels:ocenrs.in normal men two
hours after a single 200-mg dose of ketoconazole. ¥
Recavery: from. suppréssion- begins at 8 hours, and i3
complete by 24 hours, There is a compensatory in-

¢créase in plasma luteinizing hormone and no change:

iri cortisol lévels,.as compared with-values in persons
feceiving: placebo, suggesting’ thiat there ig selective:
irt patients
receiving high or repeated doses on a long-térm basis;
end-organ effécts.of diminished testosterone levels bé-

comé apparent, with marked individual variations.
Large differences in medh serum: levels of* both keto-
conazolc and testostcrune are- fbtmd among. panents\

receiving the-same. dosagc, yet, an inverse correlation,
between ketoconamle and. testosterone. concentrauons

is consistently observed.S#%-702} During. -prolonged.
treatmient with 800 to 1200 g per day ind single dose.
- for progressive §ystemic: fungal. chscasc, téstasterone:

leveéls dre:subnormal over 24 liours in some cases, re=
sulting in reduced sperm counts (after four months),
azoospermm, decreased hbzdo, impotence, and gyne=
comastia.* Functional ‘hypogonadism appears: to be
reversible. upon drug; withdrawal...

Because of its marked effects’ on the. androgenw '
gonadotronin féedback svstem in vivo, ketoconazole °
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has been advocated, for use in a test of gonadotropin
reserve i men.” Additional studies are required to.
verify its feasibilify and clinical usefiilness: In the first
trial, nine normal ten received four doses of ketocons:
azole (300 600, 900, arid. 1200 mg, per day); each doge:
wag given for. one week, The response to luteinizing:
hormone-releasing hoxmone was assessed before and;
after éach week. Increases. in luteinizing hotrtione and:
Tollitle-stimulating hormone were: miaximal aftet: the;
dose; of 900 'mg per day. However, there was, great:
vanablhty among subjects in the levels of bioth gona-:
dotropin‘and testosterone at each dose tested. 57

. Therapcuilc Uu

The potentinhibitory actidn of ketoconazole on tes-
tosterone syntkcsxs {Fig: 2) has been used with thera-
peutic. benefit in the managément of prostate can-
cer,’%7* The drug acts very quickly and has the
advantage over other treatments currently employed;
of also decreasing adrenal androgen. production.’2<74 .-
At divided' dosés; of 400 mg every: e!ght hours; which
prevent androgen levels from. returning to biase: line,
castrate values are;: m;txally ‘recorded, However; thie
rise ‘in Tuteinizing hormone tnggcrcd by thc falk in
testosterone Ieads to g progiéssive inciéage it testos-
terorie levels, ™ Nevcrthelcss, striking' clinical-im-
provement is'seen in many patients; serum levels of
prostanc acid phnsphatasq deerease and, considerable
pain relief and regtession, of some lésions occurs;
greatly reducing the need for analgesics.”7* Indéed,
clinical improvement seems to be bétter than would: be
expected on the basia of testosterone levels over: the
long tern. Howevet:, in addition to imipoténce and
gynecomastia, severe gastrointestinal ‘disturbances”?
and signs.of adrenal insufficiency’'"* may occur, re-
quiring dose: reduction and glircocorticoid replaces -

+ mentyréspectively. Further hormonal assessment dar:

ing long-term. treatment shows a consistent: rise in
progesterone, no changes in: prolaétin and €stradiol,
and an increased estradiol;testosterone ratip.?%70-72
The proposal to use ketoconazole as a “sole treat-
ment” for prostate: cancer? 7% has been qucstloncd be-.
cause of several pmblem& that have arisen in some
.studies: sustainied: redictions ifi testosterone levels
canhot be maintained; large diurnal Suctiuations in
serum testosterone océur i most' patients, and coms
pliance with a l'ngh-dosc regimén and strict eight-hour. .,
timing.of doses.is soméwhat diffienlt.to obtain,7%7h2%
Nevcrthclcss_, good results are: generally reported,
. éspecially in patients previously castrated ot with
castrate testosterone levels produced by administra-
tion of gonadotropm-releasmg hormone analogues. In
such patients; ketoconazole; by suppressing: adrenal
aridrogen output, brings about farther objective. or
subjective remissions.”!+* Indeed, a rationale for'com-
bined ‘treatment with ketocnnazole and. superactive
analogues,of gonadotropin-releasing hormone in' this
disease has been suggested by the more pronounccd
androgen suppressmn obtained with both drugs than
with either alone. in studies; iin both humians?7¢ and
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animals.”” ¥mprovement has been reported in some:
patientsin whom the combination drug treatment was
introduced after: other treatment methods: had. been
used.” However, it has not been proved that the com-
bined treatment is. more: effective: than kétoconazole.
alone; and further evidence is:needed befora it can be

‘recommended. .
" Successful therapy: with Ketoconazole for up: to- 12.

months has been reported in three children (3.3't0 3.9
years old) with precogious: puberty and autonomicus
Leydig-cell hyperactivity with lowbasal and .gonado~
tropin-releasing hormone-stimulited gonadotropin
levels.” Divided: dases: (up to 600 mg per day) were
employed, with: striking; behavioral and clinical im-
provement. The: growth rate and skeletal: mdtiration
were both reduced, and low levels of testosterone and
adrenal androgens were maintained in.the presence of
high levels.of 1 7a-hydroxyprogesterone. Basal cortisol
levels were in the normal range for.age. Similar results
have beén ‘obtained in atiother child: (4.2 years old),
with gonadotropin-indepéndent. precocions: puberty.
and tubérous: sclerosis, who ‘was also successfully
treated for six months with ketoconazole (600 mg per
day).” In three older children (5.0 to 7.4 years of

‘age}, an “escapel’ phenomenon eecurred. after one to
ge), pe p

three months of continuous treatment with 600 ing per
day, probably. because:.of the onset of puberty-like

pituitary-function. In these children, combined treat-
‘ment with ketoconazole and a gonadotropin-releasing.

hormone analogue restoréd hotmonal levels (o the:
prepubertal range:#® No-signs. of liver dysfunction or
other side éffects ogcurred in-any child. In these pre-
liminary studies, ketaconazole Was a safe-and effective:
inhibitor of. testosterone. pvérproduction in: children.
However, the long-term.safety of high-dose. treatment:
with thé agent in children néeds to be established.
Finally, bécause ofiits selective inhibition of andro-.
gen production: at low-doses,'® ketoconazole might be:
useful'in the management of hirsutism. However, no-
clinical data on this issue are available at present,.
except for reports of 2 few patients-wha Had regression
of their hirsutism whilé receiving. ketocohazole: for:

_Cushing’s syndrome?®#! and oné patient with hirsue-.
ism and polycysti¢ ovat¥ syndrome who had a striking.

improvement two mionths after gtarting ketoconazole'

‘therapy (200 mg twice daily).” On the other hand,

the effects on.-estrogen: production are siill. controver-

sial, and it;is not known whether-thé-drug affects hor-»

monal cyclicity: Thus, the possible interference of ke-

. toconazole with the human meénstrual cycle should be

evaluated.

Inumrrron oF CorTISOL PRODUGTION

When ketoconazole is administered to: subjects.
with nérial function of the hypothalamic-pituitary—
adrenal -axis, the plasma. cortisol response to adre-
nocorticotrapin'is blunted for up to eight hours.after a
single dos¢' of 400 or 600 mg,?*58.718% However; ba-
sal cortisol levels are not affécted or are only slight-
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(up. to. 1200 mg, per day),”’®?®™ Signs of adrenal
insufficiency- are uncommon,?>6%%7!" probably be-
cauge of a compensatory rise: in adrenocorticotropin.
levels B7072
Therapeutic Use

Because ketoconazole is @ potent inhibitor of (:ortiu‘
sol production; through thé inhibition of both adreno-:
cotical. 1]B:tydroxylase and cholesterol side-chain-
cleavage (Fig. 2), it has been used in clim‘qalﬁtnalsz. of
palliative: treatment of Cushing’s syndrome: Drug
control of hypercortisolism is suitable for patients un-
dergoing surgery, as well as.for those .t.::catqd with ex=
ternal pituitary radidtion and these in- whom: more-
definitive treatment; is; délayed. ¥ o

In patients with an adrenal’ tumior or' pituitary-
dependent. Gushing’s, disease; plasma: cortisol, lévels
are suppressed and the cortisol response:to adrenocor-
ticotropinis blunted afteradministration of kqtqcon;t*
zole} inhibition of ¢ortisol production by ‘thc,,dlfugj__haﬁ‘)
been confirmed ifi vitro in tissue slices of the excised
tumors of hyperplastic adrénals.38%% Beneficial en-
docrine effects:of kctoconazole at doses ranging from
200 t0. 1000 mg per day have been observed in patients
with Cushing’s disease’ and in paticnts -with- either
adrenal adenomas or carcinomas,®’ Increasing doses
(from: 400 to 1200 mig per day). have been used: to
feduce excess-steroid. €ffécts in-d. patien;;w:th Cush-
ing’s. syndrome secondary to a fﬁntti’omng.-:-adrgnali
rest tumor of the liver;?® in a patient with: prima=
ry adrenocortical micronodular adcrioﬁiatosxg-,.,f’ﬁ _,a.ndj;
in one: with. Gushing’s syndrome dui¢: to ectopic pro-

duction of adrenocorticotropin. by a .smali—{:ellll lung
caficer;®? with: improvement:.in clinicak symptoms.

Sirice ketoconazole interféres with Giz.gq lyase af}‘f
is & more: potent inhibitor of cholesterol side-chain:
cleavage activity, it can be expected that paticnts
treated with the agent. will be free of side effects such
as:mineralocorticoid excess or worsening of hirsutism,
which. rha.yr,occur during ,‘trea.tn'.xt;m,w_l;th .mp:ftytappng,
which acts predominantly on 18~ and 118-hydroxyl-
ases (Fig. 2). On.the bilier hand, the antiandrogenic:
effects of ketocoriazole may be disturbing in male pa-
tients; We; used prolonged ketoconazolé :F}'xcrapy* -(twp.
‘to six months). in five patierits:with ;pituitary-:d::p_np'd-;
ent Cushing’s disease and recurrent :hjipcrcqftxsoh;m
after irangsphenoidal surgery.®* A sixth patient was
treated for two weeks before, nndéfgoiiigl_}?ila;_tc‘ral-:ac_i'-z
renalectoniy, A dose of 400 mig' évery- 12 hours was
given during the first ritonth and lowered thereafter,
depending -on-individual responses. Urinary cortisol:
levels decréaséd to normal in all patients;.and rapld
clinical ‘jmprovements were observed.® No- patient
had signs of drug toxicity, Female patients had regres~
sion of hirsutisr; whereas in the only male: patient,
who was treated for four months, gynecomastia devel~
oped; ‘We: dre now treating additional patients with
Gushing’s. disedse: with ketocondzole (600 ing: per
dav). Drug doses nécessary to maintain cortisol levels
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