
Abstract. Background and Aim: Navitoclax is a targeted B-
cell lymphoma-2 (Bcl-2) family protein inhibitor. The present
study evaluated the effect of ketoconazole, a strong
cytochrome P450 (CYP) 3A4 inhibitor, on the
pharmacokinetics of navitoclax in patients with cancer.
Patients and Methods: Eleven patients with cancer were
enrolled in this Phase I study. Single doses of navitoclax at
60 mg were administered orally on days 1 and 8.
Ketoconazole at 400 mg was given once daily from days 7
through 10. Blood samples were collected pre-dose through
72 h after each navitoclax dose. Results: Ten patients had
evaluable pharmacokinetic data and were, therefore,
included in pharmacokinetic statistical analyses. The
maximum observed plasma concentration (Cmax) and area
under the plasma concentration-time curve (AUC) from time
0 to infinite time (AUC∞) of navitoclax in the presence of
ketoconazole was 94% (90% confidence interval
(CI)=53165%) and 155% (90% CI=91264%), respectively
of those observed with navitoclax when administered alone.
The increase in navitoclax AUC∞ was primarily driven by
two patients, who had 5-fold and 11-fold increases,
respectively, in navitoclax AUC∞ in the presence of
ketoconazole. These two participants had unusually low
plasma drug exposure when navitoclax was administered
alone, and their navitoclax exposure in the presence of

ketoconazole increased to be within the range of the other 8
patients. There were no adverse events related to navitoclax
exposure reported in these 2 patients. Conclusion: Co-
administration of navitoclax with ketoconazole did not
increase navitoclax exposure above that observed with
navitoclax monotherapy and did not appear to affect its
safety profile. Results suggest CYP3A does not play a major
role in elimination of navitoclax.

Navitoclax is a first-in-class, orally bioavailable B-cell
lymphoma 2 (Bcl-2) family protein inhibitor that binds with
high affinity to multiple Bcl-2 family proteins including anti-
apoptotic Bcl-XL, Bcl-2, and Bcl-w. Anti-apoptotic Bcl-2
family members are associated with tumor initiation, disease
progression, and drug resistance, and thus are compelling
targets for oncology drug development (1). Navitoclax has
been studied in multiple phase I and II clinical trials as both
a single-agent and combination therapy in patients with
hematological malignancies or solid tumors (2-5). 

The pharmacokinetic properties of navitoclax
monotherapy have been well-characterized. After oral
administration of navitoclax in a lipid formulation,
navitoclax plasma concentrations peak at approximately 9 h
after dosing. Food has a negligible effect on the oral
bioavailability of the lipid formulation of navitoclax. The
maximum observed plasma concentration (Cmax) and area
under the plasma concentration-time curve (AUC) of
navitoclax are approximately dose-proportional between the
10 and 475 mg doses. The oral clearance of navitoclax
averages about 4.4 l/h and the terminal half-life of navitoclax
is about 17 h across dose levels. Urinary excretion of intact
navitoclax and its metabolites is negligible, suggesting that
navitoclax is mainly eliminated by metabolism. There is no

2001

Correspondence to: Dr. Ahmed H. Salem, Clinical Pharmacology
and Pharmacometrics, AbbVie Inc., 1 North Waukegan Road, North
Chicago, IL 60064-1802, U.S.A. E-mail: sale0074@umm.edu

Key Words: Navitoclax, ketoconazole, cytochrome P450 3A, drug
interaction, cancer, Bcl-2.

ANTICANCER RESEARCH 34: 2001-2006 (2014)

Effect of Co-administration of Ketoconazole, 
a Strong CYP3A Inhibitor, on the Pharmacokinetics, 
Safety and Tolerability of Navitoclax, a First-in-class 

Oral Bcl-2 Family Inhibitor, in Cancer Patients
AHMED HAMED SALEM1,2, JIANNING YANG1, ALISON GRAHAM1, AMITA PATNAIK3, 

KYLE HOLEN1, RAJENDRA PRADHAN4 and HAO XIONG1

1Clinical Pharmacology and Pharmacometrics, 
Biometrics and Oncology Development, AbbVie Inc., North Chicago, IL, U.S.A.;
2Clinical Pharmacy, Faculty of Pharmacy, Ain Shams University, Cairo, Egypt;

3South Texas Accelerated Research Therapeutics, San Antonio, TX, U.S.A.;
4Clinical PK/PD, Alexion Pharmaceuticals, Cheshire, CT, U.S.A.

0250-7005/2014 $2.00+.40



significant difference in navitoclax pharmacokinetics among
patients with lymphoid malignancies, small cell lung cancer,
and chronic lymphocytic leukemia (2-5).

Non-clinical data suggest a role of cytochrome P450 (CYP)
3A in navitoclax metabolism, although the relative
contribution of CYP3A could not be quantified due to its very
slow turnover in vitro. Therefore, navitoclax metabolism may
be subject to inhibition by CYP3A inhibitors. Ketoconazole is
a potent CYP3A inhibitor and a drug of choice to investigate
the susceptibility of a drug to CYP3A inhibition (6).
Additionally, ketoconazole is a broad-spectrum anti-fungal
agent and is frequently used to treat patients with cancer.
Fungal infections in neutropenic cancer patients have
increased in frequency and constitute an important cause of
morbidity and mortality. Empirical anti-fungal therapy such as
ketoconazole is often administered to patients who have failed
to respond to antibacterial antibiotics (7). Therefore,
ketoconazole was selected to investigate the effect of CYP3A
inhibition on the pharmacokinetics of navitoclax. 

Patients and Methods

Participants. Patients enrolled in the study had to be 18 years of age
or older with malignancy, either relapsed or refractory to standard
therapy, failed at least one prior standard therapy, or had no known
effective therapy; Eastern Cooperative Oncology Group (ECOG)
performance score of 2 or less, life expectancy of 90 days or more,
and adequate bone marrow, renal and hepatic function. 

This study was conducted at the South Texas Accelerated Research
Therapeutics in San Antonio, TX, USA in accordance with the
protocol, Good Clinical Practice guidelines, applicable regulations
and guidelines governing clinical study conduct and Ethical principles
that have their origin in the Declaration of Helsinki. The Western
Institutional Review Board approved the protocol (Study M10-957),
informed consent, and other relevant information (e.g. advertising,
written information provided to patients) prior to any subject
participating in the study. All patients voluntarily provided written
informed consent prior to participating in the study.

Study design. Each subject received a single 60-mg oral dose of
navitoclax liquid formulation on study day 1 (regimen A) and a
single 60-mg dose of navitoclax liquid formulation on study day 8
and 400 mg once-daily oral dose of ketoconazole on study days 7
through 10 (regimen B). Both navitoclax and ketoconazole were
administered under fasting conditions. On study Day 8, navitoclax
was administered approximately 5 minutes before the ketoconazole
dose or may have been taken at the same time. A 60 mg navitoclax
dose was chosen for the study in order to maintain safety in the
event that ketoconazole increased navitoclax exposure by up to 6-
fold. Participants did not use known inhibitors or inducers of
CYP3A within one week prior to the first navitoclax dose and
during the study (except ketoconazole specified in the study), and
did not consume grapefruit or grapefruit products within the three
days prior to the initial study drug administration and during the
study. Anticancer therapy including chemotherapy, immunotherapy,
radiotherapy, hormonal, or any other investigational agents was not
allowed within 14 days prior to the first dose of navitoclax. 

Plasma navitoclax assay. Blood samples for navitoclax plasma
concentration assay were collected prior to dosing (0 h) and 2, 4, 6,
8, 10, 12, 24, 48 and 72 h after dosing on study days 1 and 8.
Plasma concentrations of navitoclax were determined using a
validated liquid chromatography method with tandem mass
spectrometric detection (LC-MS/MS). All calibration curves had
correlation coefficient (r2) values greater than or equal to 0.9947.
The lower limit of quantification for navitoclax was 5.06 ng/ml. The
estimated overall precision was between 4.4% to 12.7%, and the
overall accuracy ranged from 0.5% to 12.9%.

Pharmacokinetic analysis. Values of pharmacokinetic parameters
of navitoclax were estimated using noncompartmental methods
(Phoenix WinNonlin™, Version 6.1, Pharsight Corporation,
Mountain View, CA, USA). Parameters estimated included (Cmax),
time of peak plasma concentration (Tmax), AUC from time 0 to the
time of the last measurable concentration (AUCt), AUC from time
0 to infinite time (AUC∞), terminal half-life (t1/2), and oral
clearance (CL/F).

Statistical analysis. To compare navitoclax pharmacokinetics with
and without ketoconazole co-administration, a paired t-test was
performed on the natural logarithms of Cmax, AUCt and AUC∞. The
relative bioavailability of navitoclax with ketoconazole to
navitoclax-alone was estimated and a 90% confidence interval was
provided for Cmax and AUC. Ratios and confidence intervals were
obtained by exponentiation of the difference of mean logarithms and
corresponding confidence intervals obtained within the framework
of the paired t-test. All statistical tests were performed using SAS,
Version 8.02 (SAS Institute, Cary, NC, USA), under the Unix
operating system.

Study size consideration was based on the difference between the
combination regimen (navitoclax with ketoconazole) versus
navitoclax alone regimen within the paired t-test framework
assuming the logarithm of AUC to have a variance for the difference
of 0.11 which was obtained from the results of previous navitoclax
studies. Data from 10 participants would provide at least 80% power
to detect a 40% increase (or 29% decrease) in the central value of
AUC between the two regimens. Twelve patients were planned to
be enrolled, allowing for potential drop-outs. 

Safety and tolerability. Treatment-emergent adverse events were
defined as adverse events with onset after the first dose of study
drug through 30 days following the last day of study drug
(navitoclax and/or ketoconazole). Treatment-emergent adverse
events were summarized for navitoclax treatment alone (onset study
days 1 through 6), ketoconazole treatment alone (onset day 7), and
navitoclax with ketoconazole treatment (onset study days 8 through
38). The number and percentage of patients reporting treatment-
emergent adverse events were tabulated by the Medical Dictionary
for Regulatory Activities (MedDRA) System Organ Class and
Preferred Term for each regimen (8). Laboratory test values and
vital signs measurements that were potentially clinically significant,
according to predefined criteria, were identified. 

Results

Eleven adult (6 females) patients participated in the study.
The majority of patients (8/11) were white, 2 were black, and
1 subject was Hispanic. The majority of patients (8/11) were
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under 65 years of age. The demographics of patients enrolled
in the study are summarized in Table I.

All 11 subjects enrolled in the study had a malignancy;
three participants had colon cancer (adenocarcinoma), two
had ovarian cancer (one adenocarcinoma, one papillary
cystodenocarcinoma), one had both ovarian and colon cancer
(adenocarcinoma), one had pancreatic adenocarcinoma, one
had both prostate and colon cancer (adenocarcinoma), one
had esophageal adenocarcinoma, one had bladder cancer, one
had colon cancer and metastatic melanoma, and one had
infiltrating ductal breast carcinoma. 

One of the 11 did receive the study drug for both regimens
A and B, however only one pharmacokinetic time-point (0-h)
was collected for regimen B because the patient was
discontinued from the study due to an adverse event
(vomiting). This patient was excluded from the statistical
analyses of the plasma concentration, pharmacokinetic
parameters, and relative bioavailability assessments.
However, the safety data set included in all 11 participants
who received at least one dose of study drug. 

The plasma concentration–time profiles of navitoclax after
administration of a single dose of navitoclax alone and with
ketoconazole are presented in Figure 1. Pharmacokinetic
parameters of navitoclax are summarized in Table II.

According to the results of the paired t-test (N=10), the
central values of navitoclax Tmax, Cmax, AUCt and AUC∞
were not statistically significantly different when navitoclax
was administered with ketoconazole compared with to
corresponding values when navitoclax was administered
alone (p≥0.104).

Based on all 10 evaluable patients, the point estimate of
Cmax and AUC∞ of navitoclax in the presence of
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Figure 1. Plasma navitoclax concentration (mean±standard deviation) vs. time profiles following administration of 60 mg navitoclax alone on day
1 and co-administration of 60 mg navitoclax with 400 mg ketoconazole on day 8.

Table I. Demographic and baseline characteristics of the participants
enrolled in the study.

Characteristic All participants All participants 
(N=11) with evaluable 

PK (N=10a)

Gender Female 6 5
Male 5 5

Ethnicity, n (%) White 8 7
Black 2 2
Hispanic or Latino 1 1

Age, years Mean (SD) 58.5 (12.42) 57.8 (12.89)
Median 60.0 59.5
Range 31-80 31-80

Age, n (%) < 65 years 8 8
>= 65 years 3 2

Weight, kg Mean (SD) 83.9 (28.77) 85.9 (29.52)
Median 76.0 80.5
Range 57-151 57-151

Height, cm Mean (SD) 170.9 (10.34) 172.8 (8.66)
Median 173.0 174.0
Range 152-185 160-185

Nicotine use User 1 1
Ex-user 4 4
Non-user 6 5

Alcohol use User 7 7
Ex-user 1 0
Non-user 3 3

aOne patient received study drug for both regimens A and B, however,
only one PK timepoint (0 h) was collected for regimen B because the
patient was discontinued from the study due to an adverse event
(vomiting). This patient was excluded from the statistical analyses of
the plasma concentration, PK parameters and relative bioavailability
assessments. PK: Pharmacokinetics; SD: Standard deviation.



ketoconazole was approximately 94% and 155%,
respectively, of that observed after navitoclax alone treatment
(Table III). However, the increase in navitoclax AUC∞ was
primarily driven by two patients. These patients had
approximately 11- and 5-fold, respectively, higher navitoclax
AUC∞ after co-administration of navitoclax with
ketoconazole (Figure 2). In a secondary analysis excluding

these two patients, the point estimates of Cmax and AUC∞ of
navitoclax in the presence of ketoconazole were
approximately 63% and 105%, respectively, of that observed
after navitoclax alone administration (Table III).

There were no deaths or other serious adverse events in
the study. Treatment-emergent adverse events were reported
for 3/11 patients after receiving navitoclax alone (onset study
days 1 through 6) and 9/11 of those after receiving
navitoclax plus ketoconazole (onset study days 8 through
38). One patient discontinued ketoconazole treatment
because of vomiting after co-administration of navitoclax
and ketoconazole. As stated earlier, this patient was excluded
from pharmacokinetic assessment. With regards to the two
patients with 11- and 5- fold increase in navitoclax exposure,
no adverse events were reported for the first, and one adverse
event (grade 2 tumor pain with onset 16 days after last dose
of navitoclax) was reported for the second.

Discussion

As far as we are aware of, this study is the first clinical study
to investigate the metabolic profile of navitoclax, the first
orally bioavailable Bcl-2 family protein inhibitor, in cancer
patients and its potential for drug interactions. The objective
of this study was to assess the effect of ketoconazole, a potent
CYP3A inhibitor, on the pharmacokinetics of navitoclax in
such patients. When all evaluable patients were included in the
analysis, ketoconazole appeared to have no effect on the Cmax
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Table II. Pharmacokinetic parameters of navitoclax (mean±standard
Deviation).

Pharmacokinetic Regimen A: Regimen B:
parameters Navitoclax alone Navitoclax

(N=10) with ketoconazole
(N=10)

Tmax (h) 7.0±1.3 10.7±7.5
Cmax (μg/ml) 1.03±0.73 0.90±0.59
AUCt (μg•h/ml) 15.3±12.7 19.8±12.1
AUC∞ (μg•h/ml) 16.2±13.4 22.7±14.1
t1/2a (h) 16.9±3.5 23.5±4.5
CL/F (l/h) 7.9±7.8 4.8±5.0

Tmax: time to maximum observed plasma concentration; Cmax: maximum
observed plasma concentration; AUCt: area under the plasma
concentration-time curve from time 0 to time of last measurable
concentration; AUC∞: AUC from time 0 to infinite time; t1/2: terminal half-
life; CL/F: oral clearance. Regimen A=single 60 mg oral dose of
navitoclax; regimen B=single 60 mg oral dose of navitoclax with 400 mg
oral once-daily ketoconazole. aHarmonic mean±pseudo-standard deviation.

Figure 2. Individual pharmacokinetic parameter values (maximum observed plasma concentration “Cmax” and the area under the plasma
concentration-time curve from time 0 to infinite time “AUC∞”) of navitoclax after administration of 60 mg navitoclax alone (day 1) and after
coadministration of 60 mg navitoclax with 400 mg ketoconazole (day 8). 



of navitoclax (point estimate of 94%), but did moderately
increase the AUC∞ of navitoclax (point estimate of 155%).
The AUC increase was much lower than the 5-fold cut-off
used by the Food and Drug Administration (FDA) to define
sensitive CYP3A substrates for which caution should be
exercised when co-administered with strong or moderate
CYP3A inhibitors (6). Furthermore, data from two participants
were markedly different from the other eight. Pharmacokinetic
profiles of these two were characterized by unusually low
plasma exposure after taking navitoclax alone, but exposures
were well within the range of the other eight after co-
administration with ketoconazole. As a result, co-
administration of ketoconazole appeared to cause 5- and 11-
fold increase in navitoclax Cmax and AUC∞, respectively, in
one patient, and 4- and 5-fold increase in navitoclax Cmax and
AUC∞, respectively, in the other. In contrast, ketoconazole had
no effect on the AUC∞ of navitoclax and caused moderate
(37%) reduction on the Cmax of navitoclax in the other eight
patients. The apparent moderate reduction in Cmax may be
related to the small sample size and high inter-occasion
variability. The plasma navitoclax exposure in this study was
consistent with observations in previous navitoclax
monotherapy studies (3-5).

It is noteworthy that the multiple-fold increase in
navitoclax exposure in two participants in the presence of
ketoconazole did not result in overexposure to navitoclax
compared to the plasma exposure observed in the other eight
participants and was not associated with any drug-related
adverse events. The higher adverse event rate observed with
regimen B was mainly attributed to ketoconazole with four
of the patients suffering an adverse event with regimen B
being assessed by the investigator as at least being possibly
related to ketoconazole. In addition, the time period for
monitoring the onset of treatment-emergent adverse events
was almost five times longer for the combination treatment

(study days 8 through 38) than for navitoclax treatment alone
(study days 1 through 6) for most participants. 

Because CYP3A expression does not exhibit a bi-modal
distribution, it is unlikely that CYP3A inhibition played a
major role in the multiple-fold increase in navitoclax Cmax
and AUC∞ after co-administration with ketoconazole in these
two participants. No differences in dose administration or
patient characteristics explained the unusually low navitoclax
exposure in these two patients after taking navitoclax alone,
which appears to be the main reason for the unexpected
difference in regimens. Genotyping of metabolizing enzymes
and drug transporters did not show any association between
the pharmacokinetic behavior of these two participants and
their genotypes. Similar magnitude of increase between Cmax
and AUC∞ in these two patients suggests that the increase in
plasma navitoclax exposure was more likely caused by
differences in navitoclax absorption rather than elimination
on the two navitoclax dosing days. 

In conclusion, co-administration of a single 60-mg dose
of navitoclax with 400 mg once-daily doses of ketoconazole
did not result in plasma navitoclax exposure above that
observed with navitoclax monotherapy. Variations in
navitoclax exposure in response to ketoconazole co-
administration were not associated with significant changes
to the safety profile. This clinical study suggests that CYP3A
does not play a major role in the elimination of navitoclax.
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Table III. Relative bioavailability and 90% confidence intervals.

Parameter Central valuec Relative bioavailability

Testa Referenceb Point estimated 90% confidence intervald

All evaluable patients included (N=10)
Cmax 0.70 0.74 0.94 0.531-1.650
AUCt 15.4 10.8 1.43 0.838-2.435
AUC∞ 17.7 11.4 1.55 0.910-2.642
With two potential outliers excluded (N=8)
Cmax 0.71 1.13 0.63 0.433-0.908
AUCt 15.0 15.5 0.97 0.714-1.322
AUC∞ 17.2 16.4 1.05 0.787-1.411

aRegimen A=single 60 mg oral dose of navitoclax; bregimen B=single 60 mg oral dose of navitoclax with 400 mg oral once-daily ketoconazole;
cantilogarithm of the least squares means for logarithms; dantilogarithm of the difference (test minus reference) of the arithmetic means for
logarithms, and the corresponding confidence interval.
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