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Abstract Purpose: Carboxyamidotriazole (CAI) is a no-
vel antineoplastic agent in clinical development with
limited oral bioavailability. In vitro, ketoconazole has
been demonstrated to inhibit CYP3A4-mediated
metabolism of CAI. We performed this phase I trial to
determine if ketoconazole-mediated CYP3A4 inhibition
would lead to favorable alteration of CAI pharmacoki-
netics, and to evaluate the safety, toxicity and tolera-
bility of the proposed combination. Design: Forty-seven
patients were treated using a standard three patients per
cohort CAI dose-escalation scheme. In cycle 1, CAI was
administered alone on day —6 followed by a single dose
of ketoconazole (200 mg) on day 0. CAI and ketoco-
nazole (200 mg/day) were subsequently coadministered
on days 1 and 3-28. Plasma samples for pharmacoki-
netic analysis were obtained following the doses on
days —6 and 1. All subsequent cycles were of 28-day
duration, and consisted of daily CAI and ketoconazole
coadministration. Results: Pharmacokinetic analysis was
performed on samples from 44 patients. In most patients
administration of ketoconazole produced an increase in
CAI AUC and C,,,« with a decrease in CAI clearance.
Seven patients experienced stable disease for up to
12 months. Gastrointestinal and constitutional toxicities
were the most common toxicities. Conclusions: Coad-
ministration of CAI with ketoconazole increased CAI
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exposure in most of the patients without altering the
toxicity profile of CAI. The highest CAI dose adminis-
tered on the trial was 300 mg/day. The clinical utility of
such a modulation strategy might be explored in future
clinical trials of CAI.
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Introduction

Carboxyamidotriazole (CAI) is a synthetic oral inhibitor
of calcium influx that has demonstrated antiangiogenic,
antiinvasive and antiproliferative properties [1-5]. CAI
has antitumor activity both in vitro and in xenograft
models [3]. CAI has also displayed cytostatic properties
against various malignancies in previous clinical trials
[6-10]. Based on these preliminary results, CAl-based
treatment regimens are being explored for the treatment
of various solid tumors [11-13]. Ludden and colleagues
[14] have analyzed the in vitro and in vivo metabolism of
CAI, and demonstrated that the two major metabolites
of CAI are products of the cytochrome P450 (CYP450)
system. They also established that hepatic microsome
coincubation with CAI and ketoconazole significantly
inhibits CYP450-mediated metabolism of CAI at
ketoconazole concentrations as low as 3.0 pM.
Ketoconazole is an orally administered imidazole
that is routinely used as an antifungal agent. Ketoco-
nazole is hepatically metabolized, and is a well-studied
inhibitor of CYP3A4, an important drug-metabolizing
enzyme expressed in the liver and the small bowel.
[15-18]. CYP3A4 inhibition has been demonstrated to
increase the bioavailability of various orally adminis-
tered medications that are CYP3A4 substrates [15-17].
For example, ketoconazole coadministration with
cyclosporine has been shown to substantially reduce
the required dose and cost of chronic cyclosporine
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administration [16]. P-glycoprotein (P-gp), a member of
the ATP-binding cassette transporter family, has also
been demonstrated to play a role in decreasing the bio-
availability of several oral medications and P-gp shares
many substrates with CYP3A4 [19-21]. Wang and col-
leagues [22] have recently demonstrated that ketoco-
nazole also inhibits P-gp function, and thus
ketoconazole may play an important role in improving
oral bioavailability of drugs such as CAI by inhibiting
both P-gp and CYP3A4.

Previous CAI clinical trials have shown significant
interpatient variability in CAI kinetics [7-10], which
might partially explain the discrepancies in the observed
toxicities amongst those trials. The micronized formu-
lation has been the best tolerated, albeit the least bio-
available formulation [9, 10]. Therefore, increasing the
exposure to the parent drug by inhibiting its metabolism
could potentially enhance the efficacy. Based on these
observations, we hypothesized that the potent CYP3A4/
P-gp inhibitor ketoconazole, when coadministered with
CAI would substantially reduce CAI metabolism,
increase CAI bioavailability and potentially diminish the
interindividual variability in CAI pharmacokinetics.
Increasing the bioavailability of CAI while decreasing its
kinetic variability could theoretically improve the ther-
apeutic index of CAI. The purpose of this phase I trial
was to determine the toxicity profile of CAI adminis-
tered on a daily administration schedule with ketoco-
nazole, and to describe the resultant pharmacokinetic
effects of the proposed drug modulation.

Patients and methods
Patient eligibility

All patients participating in the trial provided written
informed consent before study enrollment in accordance
with institutional and Federal guidelines. Patients with a
histologically confirmed diagnosis of nonhematologic
malignancy that was refractory to standard therapy or
for which no known effective therapy was available were
eligible to participate in this study. Other eligibility cri-
teria included measurable or assessable disease by
radiographic studies or physical examination, age at
least 18 years, Karnofsky performance status of at least
70%, and adequate organ function defined as serum
creatinine < 1.5 mg/dl, serum total bilirubin <1.5 mg/
dl, AST and ALT levels less than 2.5 times the upper
limit of normal, absolute neutrophil count of at least
2000/ul and platelet count of at least 100,000/ul. Eligible
patients must have been off previous anticancer therapy
including chemotherapy, radiotherapy, biological ther-
apy, or investigational therapy for at least 4 weeks be-
fore study entry (6 weeks if prior therapy included
nitrosoureas or mitomycin C). All patients of child-
bearing capability were required to use contraception
during therapy and for 2 months after completion of
therapy, and pregnant or lactating patients were

excluded. Patients with malabsorption disorders and
peripheral neuropathy exceeding grade 1 were also
excluded. The oral bioavailability of ketoconazole is
reduced by concurrent antacid administration; hence,
patients requiring antacid therapy were excluded from
the study. Furthermore, patients needing concomitant
administration of CYP3A4 substrates, inhibitors, and
inducers were also excluded.

Drug administration and study design

The National Cancer Institute (NCI), Division of Can-
cer Treatment and Diagnosis supplied CAI. Due to the
lipophilic nature of CAl, it was prepared by dissolution
in polyethylene glycol-400 (PEG-400) and was available
in a gelatin capsule (Gelcap) formulation containing
CAI dissolved in PEG-400, or a micronized capsule
formulation containing 50 mg CAI and microcrystalline
cellulose. Ketoconazole was obtained commercially as
200-mg scored tablets (Janssen Pharmaceuticals, Titus-
ville, N.J.). A single 200-mg oral dose of ketoconazole
produces mean peak plasma concentrations of 3.5 pM
1-2 h after administration, and such levels have been
demonstrated to be adequate for inhibition of CYP3A4-
mediated CAI metabolism [14]. Hence, a fixed 200-mg/
day oral dose of ketoconazole was chosen for the study.
Given the high degree of interindividual variability in
the pharmacokinetic parameters of CAI, and limited
number of dose sizes available for CAI capsules that
generally require “‘rounding off”” doses calculated based
on body surface area (BSA), a more practical flat dosing
schema was selected for this study. Furthermore,
apparent oral clearance would not be expected to cor-
relate with BSA. The study participants were instructed
to administer the study drugs in the morning, under
fasting conditions, and at least 1 h prior to any food
intake.

The initial three dose cohorts were treated with the
Gelcap formulation of CAI. The first cohort of study
participants received 50 mg/day of CAI (Gelcap for-
mulation) concomitantly with a fixed dose of 200 mg/
day ketoconazole. Additionally, 100 and 150 mg/day
CAI dose levels were also studied for the Gelcap for-
mulation. The protocol was amended at that point to
study dose escalation utilizing the better-tolerated
micronized formulation of CAI [9, 10]. The initial
patient cohort treated with the micronized CAI was
started at 100 mg/day dose level, and subsequent dose
escalation consisted of 50 mg/day dose increments per
dose cohort until a maximum tolerated dose (MTD) was
reached or up to a maximum daily dose of 300 mg/day
(Table 1).

In order to determine if ketoconazole had any effect
on CAI pharmacokinetics, the following treatment
scheme was designed for cycle 1 (Fig. 1). A single CAI
test dose was administered on day —6 followed 7 days
later by a single dose of ketoconazole (200 mg/day) on
day 0. Subsequently, CAI and ketoconazole were



Table 1 Dose levels

Dose level
(mg/day)

Formulation No. of patients

treated

Gelatin capsule 50
100
150
Micronized capsule

—_
(=3
(=}

— AL W

coadministered on day 1; no study medications were
administered on day 2. CAI and ketoconazole were then
coadministered on days 3-28. Patients received the same
CAI dose on day —6 (test dose) as the dose they were
given on day 1 and on days 3-28. Plasma samples were
drawn as described below on days —6 and day 1 of the
first cycle. Starting with cycle 2, each treatment cycle
consisted of daily CAI plus ketoconazole coadministered
for 28 days. There was no interruption of therapy be-
tween treatment cycles, and treatment was continued
until disease progression or dose limiting toxicity (DLT).
In the event of a DLT, therapy was held pending reso-
lution of toxicity and therapy could subsequently be
resumed at the next lower dose level, at the discretion of
the patient and treating physician.

For the purposes of determining the MTD, only DLT
occurring during the first cycle of therapy was consid-
ered. Patients not completing cycle 1 for reasons other
than DLT were replaced. DLT was defined as: (a) any
grade 2 or greater nonhematologic toxicity excluding
hepatic transaminase elevation, nausea, emesis, and
alopecia; (b) grade 34 nausea/emesis; (c¢) grade 3-4
hepatic transaminase elevations with an increase of at
least 50% from the prestudy value; (d) any toxicity
resulting in greater than a 5-day delay of drug admin-
istration; or (e) grade 4 hematologic toxicity or febrile
neutropenia. Treatment delays for toxicities more than
grade 1 but less than that constituting a DLT were
allowed for 5 days, and if the toxicity failed to resolve to
less than grade 1 within 5 days of dose delay, then it was

Fig. 1 Cycle 1 treatment =
schedule for CAI and
ketoconazole administration

Day -6*
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considered a DLT. CAI doses that were missed were not
replaced. Toxicity was assessed using NCI Common
Toxicity Criteria (version 2.0). It was required that three
patients complete at least one cycle of therapy prior to
entry of patients at the next higher dose level. Dose
escalation was permitted if none of the initial three
patients incurred DLT. If one of the initial three patients
experienced DLT in cycle 1, the dose cohort was
expanded to six evaluable patients. The MTD was de-
fined as the highest dose level tested at which no more
than one of six patients experienced a DLT.

Pretreatment and follow-up studies

Before starting therapy, all patients were assessed with
a complete history and physical examination. Kar-
nofsky performance status was also assessed, and
tumor burden evaluated radiographically, along with a
chemistry panel, complete blood count, and beta HCG
level (when applicable). Hematologic parameters were
assessed weekly, and complete serum chemistries were
assessed every 2 weeks while on therapy. Physical
examination and performance status evaluations were
performed every 2 weeks during treatment. All of the
above parameters were monitored more frequently if
deemed necessary by the treating physicians. Tumor
response assessments were performed after the first
two cycles of therapy and every two cycles thereafter.
Two-dimensional measurement criteria were used to
classify response using World Health Organization
response criteria. Patients with partial and complete
response or stable disease were allowed to continue
therapy.

CAI pharmacokinetics

Blood samples were obtained using sodium heparinized
vacuum tubes for pharmacokinetic analysis at 0, 1, 2, 3,
4, 8, 24 and 48 h after CAI doses on days —6 and 1. At
the time of collection, plasma was separated by centri-
fugation and stored in polypropylene tubes at —80°C

B B | |

Day 0 Day 1* Days 3-28

CYCLE I TREATMENT SCHEMA

Day —6:
Day 0:
Day 1I:
Days 3 — 28:

CAl alone

ketoconazole (200 mg)

CAl dose + ketoconazole (200 mg)

CALl daily dose + ketoconazole (200 mg/day)

*Plasma samples collected following doses on days —6 and |
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until analysis. The assay methodology described below
was modified slightly from previously published meth-
ods [23]. Briefly, plasma samples (0.5 ml) were combined
with 30 pl internal standard (33 pg/ml harmine in
methanol) and 3 ml chloroform. After shaking (10 min,
high speed) and centrifuging (15 min, 2500 rpm, 25°C),
the organic layer was evaporated under nitrogen gas
(37°C). The samples were reconstituted in 200 ul mobile
phase and centrifuged (10 min, 14,000 rpm, 25°C). An
aliquot of 60 pl was injected into the HPLC (Hitachi
Instruments, San Jose, Calif.). The mobile phase con-
sisted of 63/37 methanol/81.7 mM ammonium acetate
(pH 6) at a flow rate of 1 ml/min. A pBondapak
(10 pM, 3.9x300 mm ID) column and pBondapak C18
guard-pak (Waters Corporation, Milford, Mass.) were
used. The retention times of the internal standard and
CAI were 8.5 and 11 min, respectively. In some patients,
CAI was detected in plasma at time 0 of day 1. Hence,
these “residual” CAI levels were subtracted from the
levels obtained after giving CAI on day 1, and the
principle of superposition was applied as previously
described [24]. Thus, pharmacokinetic parameters of
CAI were determined by noncompartmental analysis
and the principle of superposition. The area under the
concentration vs time curve (AUC) was determined
using the log-linear trapezoidal rule (WinNonlin soft-
ware; Pharsight Corporation, Mountain View, Calif.).
Analysis of the peak plasma concentration (C,,,,) was
determined by inspection. Clearance was calculated for
each patient using the formula dose/AUC.

Statistical analysis

The modulation of CAI pharmacokinetics by ketoco-
nazole was assessed by comparing the pharmacokinetic
parameters obtained after the CAI test dose (hereafter
referred to as baseline CAI pharmacokinetics) with
those obtained after CAI administered with ketoconaz-
ole. For this purpose, paired ¢-test analysis was used. We
also compared the differences in pharmacokinetic
parameters amongst two patient groups according to
severity of reported toxicity (more than grade 3 toxicity
vs less than grade 3 toxicity) using unpaired ¢-test
analysis. All the P values reported are two-tailed and all
tests were performed at the 0.05 significance level. The
statistical analyses of the data were conducted using
GraphPad software (San Diego, Calif.).

Results
Patient characteristics

Between March 1998 and July 2000, 47 patients were
enrolled on the trial. The characteristics of the patients
enrolled are listed in Table 2. Most patients were heav-
ily pretreated. Several different tumor types were
represented.

Table 2 Patient characteristics. Values are number of patients,
except age in years

Male 25
Female 22
Age (years)

Median 62
Range 27-76
Karnofsky performance status (%)

100 21
90 12
80 12
70 2
Disease

Colorectal 11
Ovarian 10
Renal 5
Lung 5
Sarcoma 5
Uterine 3
Breast 2
Head and neck 2
Other 4
Prior treatment regimens

1 5
2 15
3 10
4 12
5 or more 5

Table 3 Toxicity for all dose levels

Toxicity Grade 1 Grade 2 Grade 3
Gastrointestinal

Nausea/emesis 16 6 3
Constipation 0 0
Diarrhea 1 0 0
Constitutional

Anorexia 8 5

Fatigue 14 9 1
Weight loss 4 3

CNS

Peripheral neuropathy 1

Light headedness 1 0 1
Headache 0 1
Hematologic

Neutropenia 2 0

Anemia 5 1 1
Miscellaneous

Metabolic 2 1 1
Infection 0 0

Toxicity

Table 3 provides a summary of toxicity reported by
44/47 patients on-study (three patients who committed
errors in medication administration were excluded). In
addition to these three patients, ten other patients were
not assessable for MTD determination, as they did not
complete the first cycle of therapy due to disease pro-
gression (four patients), study withdrawal due to sub-
jective intolerance of toxicity (two patients), and
hospitalization due to intercurrent illness (four patients).

Gastrointestinal toxicity was the most common tox-
icity, particularly nausea/emesis, which was observed in



57% of the patients (25/44). Most of the patients did not
report a significant benefit from previously reported
pharmacologic and non-pharmacologic measures used
to alleviate nausea [7-10]. Two of three patients who
experienced grade 3 nausea/emesis during the second
treatment cycle withdrew from the study; one patient
experienced the toxicity during the first cycle and
accounted for a DLT observed at the 150 mg/day dose
level of the Gelcap formulation. Two patients withdrew
from the study due to intolerance of grade 2 nausea/
emesis.

Constitutional symptoms of fatigue and anorexia
were also common. Fatigue was reported by 54% of the
patients (24/44). One patient experienced grade 3 fatigue
that accounted for a DLT at the 300 mg/day dose level
of the micronized formulation. The toxicity resolved
with discontinuation of CAI, and the patient was
rechallenged with CAI at the next lower dose without
recurrence of the toxicity. Of the 44 patients, 13 (29%)
experienced grade 1 or 2 anorexia.

Neurologic symptoms were reported by 34% of
patients (15/44), and mild (grade 1) sensory neuropathy
accounted for most (67%, 10/15) of the neurologic
toxicities. One patient experienced dose limiting “‘light
headedness” (150 mg/day Gelcap dose level) that
resolved upon discontinuation of CAI. The patient
otherwise had a negative neurologic examination, and
was subsequently treated at the next lower dose of CAI
without recurrence of neurologic symptoms. Another
patient developed new-onset grade 3 headache and ver-
tigo on therapy; however, the diagnostic evaluation
demonstrated new brain metastases.

Four additional patients experienced grade 3 toxici-
ties that were deemed to be unrelated to CAI therapy:
two patients were diagnosed with non-neutropenic
chronic indwelling catheter infections requiring hospi-
talization; one patient was noted to have an elevated
bilirubin level resulting from progressive liver metasta-
ses; and one patient developed grade 3 anemia due to
disease progression that resulted in continuous gastro-
intestinal blood loss (confirmed by a colonoscopy).

Response data

Although assessment of tumor response was not a pri-
mary objective of this study, patients were evaluated for
tumor response after every two cycles of treatment. A
total of 36 patients completed at least two cycles of
therapy, and thus were eligible for response evaluation.
No partial or complete responses were observed. Seven
patients (19%) were noted to have stable disease for
periods up to 12 months (range 4-12 months). Two
heavily pretreated patients with leiomyosarcoma had
disease stabilization of 6 and 12 months duration.
Additionally, two patients with renal cell carcinoma who
had been previously treated with cytotoxic therapy had
disease stabilization for 4 months each. One patient each
with non-small-cell lung cancer and ovarian cancer
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experienced disease stabilization for 6 months, and one
patient with colorectal cancer experienced disease
stabilization for 5 months.

Pharmacokinetics of CAI

Pharmacokinetic data were available for 44 of the 47
treated patients (two patients erroneously self-adminis-
tered the medications at incorrect times and one patient
missed blood sampling times). Table 4 provides a sum-
mary of the CAI pharmacokinetic data. In all 44
patients, CAI AUC and C,,,, values were significantly
higher after CAI and ketoconazole coadministration
compared to the baseline CAI AUC and Cp.y
mean =+ SD baseline CAI AUC in all 44 patients was
15.6+9.4 pg/ml h, which increased to 21.2+12.3 pg/
ml h (P=0.009, paired ¢-test) after CAI and ketoco-
nazole coadministration. Although ketoconazole treat-
ment led to a 136% increase in the mean CAI AUC for
all 44 patients, we noted that many patients demon-
strated minimal or no increase in the CAI AUC. Previ-
ous phase [ trials have shown approximately 20%
intrapatient variability in CAI pharmacokinetics [7-10];
hence, we retrospectively adopted a >20% increase in
AUC as the cut-off for effective modulation by ketoco-
nazole. Thus, 62% of patients (n=27) demonstrated a
>20% change in CAI AUC after CAI and ketoconazole
coadministration. The mean+SD baseline CAI AUC
was 11.3+1.4 pg/ml h and 22.1+£2.2 pg/ml h for pa-
tients with >20% and <20% modulation, respectively.
In the 27 patients with >20% modulation of CAI AUC,
a 206% increase was noted in the CAI AUC after CAI
and ketoconazole coadministration (the mean +SD CAI
AUC after CAI and ketoconazole coadministration was
25.0£13.3 pg/ml h vs a baseline value of 11.3+£1.4 pg/
ml h). A substantial decline in clearance of CAI was
observed across all dose levels after coadministration of
ketoconazole as shown in Table 4. No significant
decrease in the interpatient or intrapatient variability of
CALI kinetics was noted after CAI was administered with
ketoconazole (Table 4). In order to quantify the change
in the various pharmacokinetic parameters before and
after ketoconazole administration, we calculated the
ratio of the mean values for the parameters of interest
before and after modulation with ketoconazole (i.e.,
day 1/day —6). The mean of the ratios and the SD are
represented as ‘“‘modulation ratios” for each parameter
in Table 5.

Discussion

There are various examples in the literature of deliberate
inhibition of CYP3A substrate metabolism to poten-
tially enhance the clinical benefit of certain oral medi-
cations [15, 16]. This phase I study demonstrated that
coadministration of CAI and ketoconazole increased the
AUC and C,,,x while decreasing the clearance of CAI in
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Table 4 CAI pharmacokinetics

Formulation Dose level Patients AUC (pg/ml h) Cnax (ng/ml) Apparent oral clearance
(mg/day) (1/h)
CALI alone CAI + CALI alone CAI + CALI alone CAI +
ketoconazole ketoconazole ketoconazole
Gelcap 50 4 9.1+1.4 21.8+10.5 0.4+0.1 0.6+0.3 5.6+0.8 28+1.5
100 3 16.9+7.5 26.3+15.6 0.8+0.5 0.6+0.6 7.1+£3.9 47+2.4
150 6 17.7+£7.9 28.6+11.4 0.8+0.3 1.1+04 10.7+6.6 6.1£2.6
Total 13 14.8+7.2 259+11.5 0.7+0.3 09+04 83+5.2 4.8+2.6
Micronized 100 5 7.4+4.2 9.9+4.7 0.2+0.2 0.3+0.2 18.3+11.2 12.5+7.1
150 3 11.3+6.8 13.9+2.1 04+0.3 0.4+0.1 16.1+7.3 109+1.5
200 4 29+142  248+75 0.7+0.3 0.7+0.3 9.7+5.1 8.8+3.2
250 4 17.3+7.7 32.8+23.5 0.5+0.2 0.9+0.7 17.1+84 12.8+£10.8
300 15 16.3+10.1 20.9+9.7 0.5+0.3 0.6+0.3 40.4 +£60.1 17.1+7.7
Total 31 15.7+£10.3 20.5+12.4% 0.5+0.3 0.6+0.3* 27.5+434 14.1+7.5
*P<0.05, baseline values compared to post ketoconazole modulation, two-tailed paired z-test.
Table 5 CAI pharmacokinetics: - -
modulation ratios Formulation Dose level Patients AUC Chnax Apparent oral
(mg/day) clearance
Gelcap 50 4 2.3+0.8 1.6+0.9 0.5+0.2
100 3 1.8+1.0 0.9+0.6 0.8+0.7
150 6 22422 1.4+0.4 0.7+£0.4
Total 13 22+1.6 1.4+0.6 0.7+04
Micronized 100 5 2.1+1.8 2.7+£2.6 1.1+1.2
150 3 1.4+0.5 1.44+0.7 0.7+0.3
200 4 1.2+0.9 1.5+14 1.1+£0.6
250 4 1.8+1.0 2.1+1.3 0.7+0.4
300 15 2.8+5.0 1.5+1.0 0.8+0.6
Total 31 22+3.6 1.8+14 09+0.7

most patients. However, almost 40% of patients studied
did not have an appreciable increase in CAI exposure
after coadministration of ketoconazole. These patients
were distributed across the different dose levels for both
formulations, and hence the formulation or CAI dose
might not have been contributing factors in the observed
differences in modulation. Patient error in reporting or
compliance with concomitant medications is a possibil-
ity that cannot be excluded as a factor that might have
contributed to the observed variability in the modula-
tion as well.

Data from other studies with similar pharmacokinetic
modulation strategies also suggest that such strategies
are not effective uniformly in all of the study subjects
[17, 25]. The interindividual variability in CYP3A4
activity [26, 27] probably plays an important role in the
diminished modulation of CAI kinetics observed in
some patients. The significantly higher baseline CAI
AUC observed in the patients with minimal modulation
of CAI pharmacokinetics suggests that they might have
had functionally or quantitatively reduced CYP3A4 at
baseline, thus, diminishing the impact of further inhibi-
tion of CYP3A4 by ketoconazole. In agreement with this
hypothesis, Brophy and colleagues [28] conducted a trial
to evaluate the potential impact of coadministration of
two CYP3A4 substrates (amprenavir and clarithromy-
cin), and they also observed that subjects with low

baseline amprenavir AUC had a higher likelihood of a
larger pharmacokinetic interaction with clarithromycin.
Review of data from other trials [17, 25] in which
interactions between azoles and CYP3A substrates were
investigated also suggests similar nonuniform pharma-
cokinetic interactions. Similarly, interindividual differ-
ences in P-gp levels [29, 30] could also play an
independent and/or synergistic role in altering the
modulatory effect of ketoconazole.

One of the objectives of the study besides increasing
patients’ systemic exposure to CAI was to decrease the
previously described variation in CAI kinetics among
patients [7-10]. We were not able to demonstrate a sig-
nificant reduction in the interpatient variability in the
pharmacokinetic parameters measured in the study. The
fact that CAI exposure increased significantly in some
patients while exhibiting limited change in others con-
tributed to the observed lack of reduction in the inter-
patient variability of CAI kinetics.

The highest micronized CAI dose administered in the
current trial was 300 mg/day, which was similar to that
recommended by Berlin et al. [10] for a ““fixed-dose”
schedule of single-agent micronized CAI. Mild to mod-
erately severe constitutional, gastrointestinal and neu-
rologic toxicities were the most common toxicities
observed in the current trial. The overall toxicity profile
of CAI when coadministered with ketoconazole was



similar to that observed previously with single-agent
CAI by Kohn and colleagues [9]. A negligible increase in
grade 3 gastrointestinal toxicity was observed on this
trial compared to the single-agent micronized CAI study
reported by Kohn and colleagues [9]. Ketoconazole is
known to cause gastrointestinal toxicity at high doses,
but is well tolerated at the dose utilized in the present
study [31, 32]. One possible explanation for the mildly
increased incidence of severe gastrointestinal toxicity
observed in the current trial is potential synergistic
impact of a relatively innocuous dose of ketoconazole
when combined with CAI. In the current trial, the inci-
dence of serious neurotoxicity was negligible compared
to previous reports by Berlin and colleagues [8, 10].
Berlin et al. [10] have reported a much higher rate of
grade 3 neurotoxicity compared to that observed in the
present trial. Although comparing data from different
trials conducted with dissimilar trial designs is difficult,
analysis of available data from the various CAI clinical
trials using the micronized formulation does not provide
specific insight regarding the observed discrepancies in
the toxicity. Small sample sizes of the individual studies
and the inherent selection bias associated with such
small studies might have contributed to some of the
observed discrepancies.

To conclude, this study demonstrates that rationally
designed drug modulation strategies for oral medica-
tions can be implemented successfully and safely. In this
trial, modulation of CAI pharmacokinetics using
ketoconazole led to increased CAI exposure in most
patients, and the modulation did not lead to any
appreciable increase in toxicity. However, the modula-
tion was not useful in decreasing the interpatient vari-
ability in CAI pharmacokinetics. As several new oral
anticancer therapies are now becoming available, such
drug modulation strategies might be explored early in
therapeutic development to investigate their potential
role in improving the therapeutic index of such agents.
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