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The pharmacology of ketoconazole was studied in patients with fungal infec-
tions. After administration of 50-, 100-, and 200-mg doses of ketoconazole, there
was a linear increase in the area under the curve of serum concentrations; this was
not apparent when higher doses of ketoconazole were given. An increase in the
area under the curve occurred in patients receiving 200 mg daily who were
restudied after 1 to 12 months of therapy. However, normalized area under the
curve appeared to decrease after higher doses were administered chronically. The
half life ranged from 2.0 to 3.3 h. Peak serum concentrations up to 50 pg/ml were
detected in this study, and potentially therapeutic concentrations were detectable
up to 26 h after high doses. Ketoconazole penetrated the saliva and inflamed joint
fluid and meninges, although variably, and could be demonstrated in some other
tissue compartments. In the presence of renal failure, ketoconazole disposition
was not altered, whereas in the presence of hepatic insufficiency, an alteration in
disposition was suggested. The interactions of ketoconazole and other drugs were
studied. Of note, antacids did not significantly affect ketoconazole pharmacoki-
netics (nor did meals), and ketoconazole and warfarin did not appear to affect the

pharmacokinetics of the other.

Ketoconazole is a new, broad-spectrum, oral-
ly administered, antifungal agent. The therapeu-
tic efficacy of ketoconazole has been previously
reported (7), but scant data on the pharmacoki-
netics of ketoconazole in patients have been
published. We present here the results of our
studies of the pharmacokinetics of ketocona-
zole.

MATERIALS AND METHODS

Single-dose studies. Pharmacokinetic studies were
performed in patients upon entry into the ketocona-
zole therapeutic trial. The first six adult patients
received 50, 100, or 200 mg after overnight fasting. The
order of these doses was determined by a balanced
crossover design. Each dose was administered 48 h
after the previous dose. To give 50 mg of ketocona-
zole, one-half of a scored, 200-mg tablet was dissolved
in 60 ml of orange juice; 30 ml of this solution was
administered to the patients. Before dosage, a catheter
was placed in an antecubital vein and flushed with 3 ml
of sterile, normal saline containing 1 U of heparin USP
per ml. After the first 3 ml of blood was discarded, 10
ml of blood was collected, and the serum was separat-
ed after clotting occurred. Samples were taken before
administration of the drug and at 0.5, 1, 1.5, 2, 3, 4, 6,
and 8 h.

t Present address: Department of Medical Oncology, Ros-
well Park Memorial Institute, Buffalo, NY 14263.
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After completion of this study, five additional pa-
tients (four adults and one child) were also randomized
to the dosage schedule, but in three patients, indwell-
ing intravenous catheters were not used. An additional
four patients were studied after they received only the
200-mg dose. Serial sampling as described above was
performed in three patients after the first dose of 400
mg. Other patients were studied after initiation of 600
to 1,200 mg of daily therapy. Serum samples were
collected at intervals from 0 to 26 h after administra-
tion. Four healthy volunteers received a 600-mg dose.

Patients were studied after administrations of 200
mg of ketoconazole and 30 ml of an antacid (Maalox)
on empty stomachs after overnight fasts. Others were
studied after ingestion of hospital breakfasts and si-
multaneous administrations of ketoconazole. Four pa-
tients received ketoconazole (200 mg) 1 h before eating
hospital breakfasts.

Multiple dose studies. To examine the possibility of
changes in ketoconazole disposition after chronic daily
administration, we studied seven patients on nine
occasions after administration of ketoconazole (200
mg) for 1 month or more. Other patients were studied
months after daily administration of higher doses of
ketoconazole (interval ketoconazole pharmacokinet-
ics).

Special studies. Two patients with renal failure who
were undergoing hemodialysis and one patient with
hepatic insufficiency (manifested by recurrent enceph-
alopathy after ingestion of large quantities of protein,
clinical evidence of portal hypertension, as well as
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serum protein and coagulation abnormalities) were
studied after initial doses of 200 mg. The patient with
hepatic insufficiency was also studied after the admin-
istration of a 400-mg dose.

In addition, patients were studied who had received
two to three 200-mg doses daily.

Thirty cerebrospinal fluid (CSF) samples were ob-
tained 30 min to 28 h after a dose. Of seven patients,
four had active meningeal disease at the time of
therapy (increased leukocytes and protein and de-
creased glucose). Five joint fluid samples were taken
from knees with active coccidioidal arthritis.

In one patient, samples of saliva were collected
approximately 0, 1, 2, 4, 6, and 8 h after oral adminis-
tration of ketoconazole.

Ketoconazole-warfarin and other interaction studies.
To ascertain whether ketoconazole augments the hy-
pothrombinemia of racemic warfarin as reported with
miconazole and warfarin (3), two volunteers were
given 7.5- to 15-mg doses of warfarin orally in the
evening for 3 weeks. Prothrombin times were deter-
mined 13 times during this interval. After a 3-week rest
period, the same subjects received the same doses of
warfarin as before, plus ketoconazole (200 mg) daily in
the morning for 3 weeks. Prothrombin times were
determined, and serum ketoconazole concentrations
were measured 2 h after the daily dose 13 times during
this phase of the study.

Patients receiving other medications for other medi-
cal conditions were selected for pharmacokinetic stud-
ies to begin a data base in ketoconazole-drug interac-
tions.

Analysis of ketoconazole. Concentrations of ketocon-
azole in serum were determined with an agar well
diffusion assay (5). The sensitivity of this assay is
=0.05 png/ml. Ketoconazole hydrochloride (Janssen
Pharmaceutica) was added to blood group AB, heat-
inactivated serum to construct a standard curve for
each plate on which serum samples were run. The
indicator organism was Kluyveromyces fragilis strain
55-1. Values for samples from body fluids other than
saliva were obtained from standard curves of ketocon-
azole diluted in 0.9% saline; for determinations of drug
in saliva, normal saliva was used as the diluent. Values
for samples from tissue were obtained from standard
curves of ketoconazole that had been diluted in a
saline suspension of ground tissue from the corre-
sponding site removed from an untreated patient at
autopsy.

Pharmacokinetic calculations and statistics. The total
area under the curve (AUC) (pg.h/ml) for a time
interval for serum concentrations of ketoconazole was
calculated by the trapezoidal rule (4) and was normal-
ized by dividing AUC by the dose of the drug adminis-
tered. Assessments for possible nonlinearity in ab-
sorption, distribution, or elimination with different
doses could then be made.

A paired 1 test and an analysis of variance were used
to compare the normalized AUC (NAUC) for 50-,
100-, and 200-mg doses in 10 adult patients. These data
were also analyzed with the Mann-Whitney U test (8),
as were other data with apparent nonnormal distribu-
tion (kinetics after 200 mg alone versus 200 mg with
meals). The correlation coefficient for the comparison
of weight with AUC was calculated.

To assist in visualizing the time course of absorption
and elimination, plots of serum concentrations versus
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time were constructed on semilog paper from the data
generated after administration of 200, 400, 600, and
1,200 mg of ketoconazole by using the means for each
time period.

RESULTS

Comparison of 50-, 100- and 200-mg doses of
ketoconazole. For the majority of patients, the
concentrations of ketoconazole peaked between
1 to 2 h after administration. Peaks 3 to 4 h after
the dose occurred in some patients. The mean
(= standard deviation) peak concentrations for
doses of 50, 100, and 200 mg were 1.0 (+£0.72),
1.60 (*+1.16), and 2.75 (£1.78) pg/ml, respec-
tively. The serum concentration versus the time
plot after 200 mg is shown in Fig. 1. The ¢,,, for
the kinetic curve in Fig. 1 is estimated to be 3 h.
Although individual patient curves were log lin-
ear in this phase, continued absorption, distribu-
tion, or elimination, or a combination of these,
from a small tissue compartment may have been
occurring during this interval, and this estimate
may need to be revised when later sampling is
done.

The mean AUC was calculated from data from
10 adult patients who received 50, 100, or 200
mg in a randomized fashion (Table 1). NAUC is
also given. There was no correlation between
weight and AUC after administration of 200 mg
(correlation coefficient r = 0.636, P < 0.2). The
range of the weights of the patients was 84 to 251
1b (38.1 to 113.9 kg). The AUC for 200 mg in two
patients who were obese were within the AUC
+ one standard error of the mean for this group.

Analysis of these data revealed no evidence of
nonlinearity (i.e., lack of proportionality be-
tween dose and AUC, and no differences in

= 10
£ E
~ C
o r
i =
' L
3
S 10¢
o o
S C
8 C
=} L
<
(OR ]
] ] ] ]

2 4 6 8
Hours after Administration

FIG. 1. Administration of 200 mg of ketoconazole
to 15 adult patients. Each point represents mean *
standard error of ketoconazole in serum.
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TABLE 1. AUC and NAUC in 10 patients receiving
the balanced crossover design

Mean serum concn

Ketoconazole NAUC + SE
dose (mg) AUCS} + SE (ug.h/ml) (ng.h/ml per
dose in mg)

50 3.37 £ 0.83 0.067 = 0.02

100 5.73 + 1.88 0.057 = 0.01
200 9.70 + 1.88 0.048 = 0.01

NAUC) over the dose range from 50 to 200 mg.
In two patients receiving 200 mg of ketoconazole
every 12 h and in one receiving 200 mgevery 8 h,
there was an increase in AUC from 0 to 8 h after
dose (AUC)) over that found in recnplents of 200
mg once daily (Table 2). The increase in AUC§
after multiple doses is greater than would be
predicted for a drug with an apparent terminal
half-life (¢,/;) of approximately 3 h.

Kinetics of ketoconazole doses of 400, 600, and
800 mg. Only three patients received 400 mg of
ketoconazole, and two patients received 600 mg
in the second phase of the studies. Peak concen-
trations, AUC, and NAUC are shown in Table
3. Peak concentrations and AUC} did not in-
crease in proportion to the increased dose (cf.
Table 1). The kinetics of serum concentrations
after 400- and 600-mg doses are shown in Fig. 2
and 3. The four volunteers who received 600 mg
had mean concentrations at 2, 4, 8, and 24 h of
7.95 (range, 3.4 to 14.0), 3.99 (2.6 to 5.6), 3.86
(2.3 t0 5.3), and 0.14 (0.1 to 0.2) pwg/ml, respec-
tively. These kinetics are consistent with those
of the more detailed studies (Fig. 3).
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FIG. 2. Administration of 400 mg of ketoconazole
to three patients (mean values shown).
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FIG. 3. Administration of 600 mg of ketoconazole
to two patients.
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AUC, NAUC, and peak concentrations for
400-, 600-, and 800-mg dose administration in
two patients in further studies are shown in
Table 4. Although not shown in this table, the
persistence of detectable (and possibly thera-
peutic) concentrations long after administrations
of the 800-mg dose was noteworthy. Four sera
obtained 9 to 15.5 h after a dose averaged 3.34
ng of ketoconazole (range, 1.55 to 5.90) per ml,
whereas four sera obtained 24 to 26 h after a
dose averaged 2.36 png/ml (range, 0.20 to 7.75)
(cf. late samples in Fig. 1-3). These data would
suggest a modest contribution from a small
tissue compartment, resulting in a slower, termi-
nal phase of elimination.

Although the number of patients is too few to
be certain that there is nonlinearity in oral
disposition, this theory is strengthened by the
similarities of NAUC for a 200-mg dose for the 3
patients receiving both 200 and 400 mg doses,
the patient receiving 200 and 600 mg, and for the
10 patients listed in Table 1.

Interaction of ketoconazole with Maalox and
meals. The effect of simultaneous administration

TABLE 2. AUCS} of ketoconazole in single doses
with or without administration of meals or Maalox,
or as part of a multiple-dose regimen

Mean AUC}
Ketoconazole dose (mg) + SE No. of patients
(ng.h/ml)
200, fasting 9.7 +1.88 10¢
200, with Maalox 573 £ 1.92
200, with meals 7.76 + 2.03

200, with meal 1 h later 14.25 *+ 7.43
200, twice a day® 23.67
200, three times daily® 18.67

“ From Table 1.
b Studied after single dose of 200 mg, 24 to 72 h after
initiation of the multiple-dose regimen.
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TABLE 3. Pharmacokinetics after 200, 400, or 600 mg of ketoconazole

Patient dose

Patient 200 mg 400 mg 600 mg
8
8 (N Q:‘J/ﬁl’] Peak concn  AUC} NAUC} Peak concn  AUC} (N:E/'Cn"l Peak concn
(wgimh)  BELS  (wgmD  (ughmb Ggbml - ugm) (g himb pordose) | (wg/mD)

1 13.61 0.068 2.70 33.15 0.083 12.5 - — —

2 27.69 0.138 2.75 35.06 0.087 7.8 — — —

3 10.22 0.051 3.40 42.04 0.105 18.0 — —_ —_

4 17.05 0.085 3.50 — — — 125.0 0.208 50

5 — —_ — — — — 107.8 0.179 30

4 —, Not done.

of Maalox (four patients) or meals (seven pa-
tients) with ketoconazole is shown in Table 2.
Whereas individual patients showed decreased
peak concentrations or a decrease in AUC, the
differences do not have statistical significance.
The ingestion of a meal 1 h after administration
of ketoconazole appeared to have little effect on
drug absorption. One patient received 400 mg
with a meal and demonstrated an increase in
AUCS (56.99 for ketoconazole with a meal ver-
sus 33.16 for 400 mg of ketoconazole alone).

Repeated studies after chronic administration
of ketoconazole. Mean NAUC in the patients
restudied on 200-mg doses (seven patients) was
significantly higher than initial NAUC for these
patients after the first dose of 200 mg of ketocon-
azole (P < 0.02). Average NAUC for the initial
200-mg dose was 0.04 = 0.01, which is less than
half of subsequent NAUC (obtained 1 to 12
months later) of 0.09 = 0.02.

An increase was also observed in the patient
who had a repeat determination after 3 months
of administration of a 400-mg daily dose (initial
NAUC, 0.08; follow-up NAUC, 0.14).

The repeated pharmacokinetic evaluations at
800 mg are shown in Table 4. AUC for the
repeated studies for patients receiving 800 mg
was decreased by >45 and 31%), respectively.

Ketoconazole administration in renal or hepatic

failure. Two patients with renal failure who were
undergoing hemodialysis were studied. In these
patients, 1,/ (1.8 h) was in the same range as that
observed in other patients with normal renal
function (2.0 to 3.3 h). The clearance of ketocon-
azole by hemodialysis is probably small relative
to endogenous clearance since #;, and AUC of
the compound were not significantly reduced
during dialysis (Table 5). Peak concentrations
(0.75 and 5.9 p.g/ml) were within the range of the
values found in patients with normal renal func-
tion. Concentrations of ketoconazole in arterial
and venous blood samples obtained simulta-
neously during dialysis were essentially identi-
cal, indicating that dialysance of ketoconazole is
minimal.

One patient with hepatic insufficiency was
also studied (Table 6). The remarkable finding in
this patient was the plateau of concentrations
after both 200- and 400-mg doses (Fig. 4). This
was not observed in any other patient studied;
however, the terminal f;, could not be deter-
mined because serum samples were not obtained
for a sufficient length of time. It is of interest that
there was no evidence of drug accumulation in
this patient as determined by the AUC after the
first and a subsequent 400-mg dose (Table 6).

Ketoconazole-drug interaction studies. Two pa-
tients were studied to assess possible drug inter-

TABLE 4. Administration of large doses of ketoconazole (400 to 800 mg) to two patients

NAUC} NAUC}
Patient no AUC} AUC} o 0 Peak concn
) Dose of ketoconazole 0 0 (ng.h/ml (ng.h/ml
(ng.h/ml) (png.h/ml) per dose) per dose) (pg/ml)
1 400 50.97 0.127 7.15
600 70.12 0.117 13.50
800 64.75 0.081 11.50
800° 35.82 0.044 4.98
2 400 34.70 0.087 10.0
800 43.80 0.055 27.5
800° 30.25 0.038 9.5

2 AUC and NAUC are calculated from 0 to 10 h. Patient had received daily doses of ketoconazole (800 mg) for

4 months.

b Patient had received daily doses of ketoconazole (800 mg) for 3 months.
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TABLE 5. AUC§ and NAUCS of patients with renal
failure who were given 200 mg of ketoconazole

. . AUC$ NAUCS
Subject and conditions (p.g.h/n‘;l) (ug.h/ml pero dose)
Patient no. 1 2.77 0.013
Patient no. 2 15.02 0.075
During 4 h of dialysis  22.74 0.114
Patients with normal 8.04 0.040

renal function®

“ From 15 patients receiving ketoconazole on an
empty stomach (mean values shown for comparison).

tients were studied to assess possible drug inter-
actions.

A man with coccidioidal meningitis who had
participated in the pharmacokinetics studies and
had been given 400 mg of ketoconazole devel-
oped focal seizures, for which phenytoin (300
mg daily) was prescribed. His fungal disease
subsequently relapsed, and because of inade-
quate responses to amphotericin and micona-
zole, treatment with ketoconazole was reinsti-
tuted at higher doses of 600 and 1,200 mg. The
dosage of phenytoin was continued, and the
results of 24-h kinetic studies (Fig. 5) show that
peak concentrations, AUC, and NAUC (Table
7) were low compared with those of patients
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FIG. 4. Administration 200 (®) and 400 mg (O) of
ketoconazole to the patient with hepatic insufficiency.
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FIG. 5. Repeated administration of ketoconazole
in the patient receiving phenytoin (300 mg daily).
Symbols: [0, 400-mg dose before administration of
phenytoin; X, 600 mg after administration of pheny-
toin; and O, 1200 mg after administration of pheny-
toin.

receiving only 400 or 600 mg of ketoconazole. It
was interesting that in the serum of this patient,
the concentration of ketoconazole peaked later
than in recipients of these doses.

Another male patient with coexistent tubercu-
losis was treated with isoniazid (INH) and rifam-
pin. He was studied after the first 200-mg dose of
ketoconazole and then again after administration
of 600 mg of rifampin 1 h before 200 mg of
ketoconazole. A third study was performed 3
months after starting concurrent ketoconazole,
INH, and rifampin. The striking decrease in
AUC after 3 months of daily administration of
ketoconazole and rifampin (Fig. 6) suggests that
rifampin is capable of inducing more rapid meta-
bolic clearance of ketoconazole. The data sug-
gest that this interaction takes some time to
develop fully since little, if any, reduction in
AUC was evident in the initial study when only a
single dose of rifampin was given.

The two volunteers given warfarin and keto-

TABLE 6. Ketoconazole pharmacokinetics in a
patient with hepatic dysfunction

6
Subject and dose (mg) P°(“"8,°n‘:;')°“ ( AUhﬁ;’;) (1::}11/(;10]
ol »8. per dose)
Patient with hepatic
dysfunction:
200 5.0 21.91 0.110
400 8.3 28.20 0.070
400° 4.2 17.85 0.045
Patients without
hepatic failure:
200 (15)? 8.04 0.040
400 (3)° 29.59  0.076

@ After 2 months of 400 mg daily.
5 No. of patients shown in parentheses (mean val-
ues).



156 BRASS ET AL.

TABLE 7. Ketoconazole-drug interactions

Patient Ketoconazole dose AUCE (Ti::‘)/?n}}l
me (bg-W/ml) per dose)
! 4007 545 0.014
6007 888 0015
1,200° 93.09  0.078
2 200 17.33 0.086
200 + 600 mg of
rifampin® 9.15 0.046
After S mo of 200
+ 600 mg of
rifampin and
300 mg of
INH daily 2.02 0.010

¢ Before phenytoin.
® Patient also received phenytoin (300 mg daily).
¢ Single dose administration of the two drugs.

conazole showed no hypothrombinemic interac-
tion. The concentrations of ketoconazole 2 h
after administration also remained relatively
constant (mean, 4.6 ng/ml at the beginning of
therapy and 3.0 pg/ml after 1 month of ketocona-
zole).

Ketoconazole concentrations in body fluids and
tissues. Twenty-two samples of cerebrospinal
fluid (CSF) were collected from four patients
with active meningeal disease, and eight samples
of CSF were collected from three patients with-
out active meningeal disease. In the patients
without active meningeal disease, no ketocona-
zole was detected (one sample was obtained
from a patient receiving 400 mg; seven samples
were obtained from the patients receiving 200
mg).

Patients with meningeal disease who were
receiving 200 mg of ketoconazole (4 samples
collected 60 to 130 min after dosage) had CSF
concentrations ranging from 0 to 0.24 pg/ml. The
range of CSF concentrations in patients with
inflamed meninges who were receiving 400 mg
ranged from 0 to 0.85 pg/ml (17 samples collect-
ed 60 to 225 min after dosage). Six samples
obtained in the 60- to 225-min interval and one
obtained 28 h after a dose had no detectable
drug. The average CSF concentration of all
patients receiving 400 mg was 0.39 pg/ml. There
appears to be no significant association between
the serum concentration of ketoconazole and
CSF concentration at the same sampling times.
Three of four patients had evidence of long-
standing meningeal disease (>6 months). One
patient was treated within the first few months
of the onset of meningeal disease; however,
there was no significant difference in peak CSF
concentrations of ketoconazole in this patient as
compared with those of patients who had menin-
geal disease for longer than 6 months.
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FIG. 6. Ketoconazole interaction with rifampin
and INH. Symbols: O, 200 mg of ketoconazole; X, 200
mg of ketoconazole and 600 mg of rifampin (single
dose); and B, 200 mg of ketoconazole plus 600 mg of
rifampin after daily administration of both drugs plus
INH for 5 months.

Joint fluid samples obtained approximately
120, 160, 480, and 570 min after the administra-
tion of 200 mg of ketoconazole to various pa-
tients had ketoconazole concentrations of 0.06,
0.12, 2.50 (simultaneous serum concentration,
2.40 pg/ml), 1.04, and 0.60 pg/mi, respectively.
Since saline was used for the standard curve in
this assay, the concentration of ketoconazole in
the joint fluid, due to the protein binding (2) of
this compound in joint fluid, may be underesti-
mated.

Tissue was obtained from one child with coc-
cidioidomycosis of the fifth metacarpophalan-
geal joint and phalanx at the time of amputation
of his phalanx. Ketoconazole was administered
2 h before the collection of samples. Tissue in
which concentrations were assayed included un-
infected bone, soft tissue, and tendon, and in-
fected bone and skin. The uninfected bone and
soft tissue and infected bone had no detectable
ketoconazole; the tendon had a ketoconazole
concentration of 2.0 wng/ml. The samples of
infected skin had a ketoconazole concentration
of 10.7 pg/ml.

Saliva samples in the same patient were ob-
tained after administration of 50, 100, and 200
mg. No detectable saliva-ketoconazole concen-
trations were observed after administration of 50
mg. The concentration in saliva was 0.59 pg/ml
45 min after administration of 100 mg. No de-
tectable drug was found at any other time during
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the 8-h sampling period. After a 200-mg dose,
ketoconazole concentrations were 2.43 and 0.30
ng/ml 1 and 2 h after administration, respective-
ly. No drug was detected at any other time
during the 8-hour sampling.

DISCUSSION

The analysis of NAUC§ demonstrates linear-
ity over the range of 50 to 200 mg (Table 1).
NAUC for the 400- and 600-mg doses appeared
nonlinear (Table 3). If confirmed, this would
suggest a more complete absorption, nonlinear
elimination, saturation of a first pass effect, or
decreased volume of distribution. To distinguish
among these possibilities, an intravenous prepa-
ration for determination of clearance, volume of
distribution, and absolute bioavailability is need-
ed.

Another important observation was the re-
markably increased AUCS for the interval 200-
mg kinetic curve when compared with initial
AUC for the 200-mg dose. The mechanism of
this increase is unknown, and the possibilities
are similar to those indicated above. The prelim-
inary interval pharmacokinetic studies after 800
mg suggested an opposite effect for the higher
dose.

The double peaks in serum concentration,
seen at higher doses of ketoconazole (Fig. 2 and
3), raise the question of enterohepatic circula-
tion or delayed absorption. Multiple daily doses
increase the AUC of each dose. Obesity does
not appear to affect the pharmacokinetics.

The observation of a 10-fold decrease in peak
serum concentration in the patient taking rifam-
pin, INH, and ketoconazole, as well as the
reduction of AUC after chronic administration
of ketoconazole doses >400 mg daily, suggest
that the induction of the cytochrome (P450)
hepatic mixed-oxidase system plays an impor-
tant role in the disposition of the drug and that
drugs that affect the P450 system may affect the
disposition of ketoconazole. The reduction of
AUC after chronic administration of >400 mg
ketoconazole daily raises the possibility that the
drug itself may induce enzymes which acceler-
ate its disposition. A related imidazole, clotrima-
zole, has this property (1).

The study of the potential interaction of Maa-
lox and meals with ketoconazole demonstrates
the variable effects of meals and Maalox. Work-
ers at Janssen Pharmaceutica have suggested
that antacids and cimetidine can decrease the
absorption of ketoconazole, resulting in variable
serum concentrations of the latter (7). The vari-
able effect of meals and Maalox on our patients
probably represents the nonuniform neutraliza-
tion of stomach acids, which may be less likely
in patients studied on a standard dose of cimeti-
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dine. Although small depressions in absorption
by antacid administration cannot be excluded by
our data, major decreases do not appear to
occur.

Renal failure did not affect the peak drug
concentrations or the elimination ¢, of ketocon-
azole in two patients studied. Preliminary stud-
ies indicate that this drug is extensively metabo-
lized by the liver, and the elimination of
unchanged drug and metabolites takes place
primarily through the biliary tract (W. Meulder-
mens, personal communication); only a small
amount of unchanged drug is excreted via the
kidney.

In the one patient with hepatic insufficiency,
serum concentrations remained persistently high
without evidence of an elimination phase during
the 8-h sampling interval (Fig. 4), which suggest-
ed impaired metabolism of the drug. Further
studies of patients with hepatic dysfunction
would be of interest.

Ketoconazole can penetrate into CSF, but
detectable concentrations were seen only in
patients with inflamed meninges. The demon-
stration of significant concentrations of ketocon-
azole in joint fluid and saliva suggests a role for
ketoconazole in the treatment of fungal infec-
tions of mouths and joints. The joint fluid data
suggests peak levels may be reached later there
than in serum. Concentrations of drug in tissue
samples may be affected by the vascularity of
the tissue and the contribution of the drug in the
blood to the assay result. More data concerning
the penetration of this drug into body fluids and
tissue and correlation with clinical response are
needed. Penetration of drug into saliva soon
after the tablet was taken cannot be differentiat-
ed with certainty from residual oral contamina-
tion.

No firm conclusions can be drawn from the
patient who was given phenytoin and ketocona-
zole since this patient may have had a low peak
concentration and small AUC after a 400-mg
dose before phenytoin was given. Whether the
concomitant administration of phenytoin in-
creases the rate of metabolic degradation of
ketoconazole is speculative. Studies of hepatic
microsomal function as well as the effect of the
withdrawal of phenytoin would be of interest. A
recent study in rats with relatively short dura-
tion of repeated ketoconazole doses did not
show hepatic enzyme induction in that species
©).

The clinical utility as well as the limited ad-
verse effects thus far reported with ketoconazole
make it likely that this drug will be investigated
in a number of deep fungal infections. For this
reason, further understanding of the pharmaco-
kinetics of ketoconazole, especially at higher
doses, will be very important.



158 BRASS ET AL.

ACKNOWLEDGMENTS

Support for this study included Public Health Service grants
(HLB #8058, GMS #22860, #GMS 22209, #CA 16056) from
the National Institutes of Health and from the Veterans
Administration. C.B. was a recipient of a Medical Research
Council of Canada Fellowship during these studies.

We thank S. Palpant, S. Campbell, H. B. Levine, and P. T.
Vo for clinical and laboratory assistance in this study, and C.
Cesari and K. Oto for patient secretarial assistance.

LITERATURE CITED

1. Bennett, J. E. 1970. Clotrimazole: new drug for systemic
mycoses. Ann. Intern. Med. 73:653-654.

2. Borelli, D., J. L. Bran, J. Fuentes, R. Legendre, E. Leider-
man, H. B. Levine, A. Restrepo-M., and D. A. Stevens.
1979. Ketoconazole, an oral antifungal: laboratory and
clinical assessment of imidazole drugs. Postgrad. Med. J.
55:657-661.

3. Deresinski, S. C., J. N. Galgiani, and D. A. Stevens. 1977.
Miconazole in human coccidioidomycosis: status report, p.

8.

ANTIMICROB. AGENTS CHEMOTHER.

267-292. In L. Ajello (ed.), Third International Symposium
on Coccidioidomycosis. Symposia Specialists, Miami.

. Gibaldi, M., and D. Perrier. 1975. Pharmacokinetics, drugs

and the pharmaceutical sciences, p. 293-296. Marcel Dek-
ker, New York.

. Harvey, R. P., R. A. Isenberg, and D. A. Stevens. 1980.

Molecular modifications of imidazole compounds: studies
of activity and synergy in vitro and of pharmacology and
therapy of blastomycosis in a mouse model. Rev. Infect.
Dis. 2:559-569.

. Niemegeers, C. J.E., J. C. Levron, R. Awouters, and

P. A. J. Janssen. 1981. Inhibition and induction of micro-
somal enzymes in the rat. A comparative study of four
antimycotics: miconazole, econazole, clotrimazole, and
ketoconazole. Arch. Int. Pharmacodyn. Ther. 251:26-38.

. Restrepo, A., D. A. Stevens, and J. P. Utz (ed.). 1980. First

international symposium on ketoconazole. Rev. Infect.
Dis. 2:519-692.

Siegel, S. 1956. Nonparametric statistics for the behavioral
sciences, p. 116-121. McGraw-Hill Book Co., New York.



