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Abstract

Purpose The metabolism of pazopanib is primarily

mediated by CYP3A4. The solubility of pazopanib is pH-

dependent, and an elevated gastric pH may decrease its

bioavailability. This study evaluated the effect of a potent

CYP3A4 inhibitor, ketoconazole, and the proton pump

inhibitor esomeprazole on the pharmacokinetics and safety

of pazopanib and its metabolites.

Methods In Arm A, patients received pazopanib 400 mg

alone once daily for 7 days followed by pazopanib 400 mg

plus ketoconazole 400 mg once daily for 5 days. In Arm B,

patients received pazopanib 800 mg once daily for 7 days,

followed by pazopanib 800 mg plus esomeprazole 40 mg

once daily for 5 days, and then pazopanib alone on the last

day.

Results Arm A enrolled 21 patients. In the presence of

ketoconazole, mean area under the plasma concentration–

time curve 24 h post-dose (AUC(0–24)) and mean maximum

observed concentration (Cmax) of pazopanib increased by

66 and 45 %, respectively; mean AUC(0–24) and Cmax for

pazopanib metabolites were lower or remained unchanged.

Arm B enrolled 13 patients. In the presence of esomep-

razole, mean pazopanib AUC(0–24) and Cmax decreased by

40 and 42 %, respectively; mean values of those parame-

ters for metabolites of pazopanib also decreased.

Conclusions Concomitant use of pazopanib with a strong

CYP3A4 inhibitor should be avoided. If coadministration

is necessary, pazopanib should be reduced to 400 mg.

Concomitant use of pazopanib and proton pump inhibitors

should also be avoided. Alternative dosing regimens that

do not increase gastric pH at the time of pazopanib dosing

should be considered.

Keywords Pazopanib � Ketoconazole � Esomeprazole �
Pharmacokinetics � CYP3A4

Introduction

Pazopanib is an oral tyrosine kinase inhibitor (TKI) of

vascular endothelial growth factor receptors (VEGFR-1,

VEGFR-2, and VEGFR-3), platelet-derived growth factor

receptors (PDGFR-a and PDGFR-b), and c-kit [1]. Paz-

opanib is currently approved for the treatment of patients

with advanced renal cell carcinoma and patients with

advanced soft tissue sarcoma who have received prior

chemotherapy [2, 3]. Pazopanib 800 mg administered once

daily was recommended for evaluation in phase II and III

studies based on the pharmacokinetic and clinical results

from the phase I trial [4]. After repeated dosing of paz-

opanib, the mean steady-state area under the plasma con-

centration–time curve 24 h post-dose (AUC(0–24)) was

743.3 lg h/mL and the median time to maximal plasma

concentration (tmax) was 2.0 h [4]. The mean half-life of

pazopanib was 31.1 h [4]. Therefore, steady-state plasma
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concentrations of pazopanib are achieved after 7 days of

continuous administration or by 5 half-lives.

To ensure that safe and effective plasma concentrations

of pazopanib are maintained during therapy, it is important

to consider the effects of other medications that could alter

its absorption and metabolism. Pazopanib is metabolized

primarily by the CYP450 isoform CYP3A4, with minor

contributions from CYP1A2 and CYP2C8 [5]. Other TKIs

predominantly metabolized by CYP3A4 include neratinib,

imatinib, and dasatinib. Ketoconazole, a potent CYP3A4

inhibitor, has been shown to increase systemic exposure of

these agents [6–8]. Gastric pH also may play a role in the

absorption of and exposure to pazopanib. In vitro studies

have revealed that in aqueous media, pazopanib is very

slightly soluble at pH 1.0 and is practically insoluble above

a pH of 4.0 [9]. Esomeprazole, a potent inhibitor of gastric

acid secretion, is used in the treatment of gastroesophageal

reflux disease and gastric and duodenal ulcers. Repeated

administration of esomeprazole maintains gastric pH above

4.0 for 14 h [10]. The rate and extent of absorption of the

TKI nilotinib have been shown to be reduced by esomep-

razole [11].

Common adverse events (AEs) associated with pazop-

anib therapy include hypertension and elevated liver

enzymes [2]. Severe hepatotoxicity has also been reported

[12]. Concomitant administration of CYP3A4 inhibitors

could lead to increased systemic exposure to pazopanib and

increased risk of toxicity. Conversely, concomitant

administration of drugs that raise gastric pH could poten-

tially reduce steady-state pazopanib concentrations to

subtherapeutic levels. Since many commonly used drugs

are inhibitors of CYP3A4, and inhibitors of gastric acid

secretion are widely prescribed, a study of drug–drug

interactions with pazopanib was designed to determine the

effect of repeated oral dosing of ketoconazole and

esomeprazole on the pharmacokinetics of pazopanib in

patients with solid tumors.

Methods

Patient eligibility

Eligible patients were at least 18 years of age with a his-

tologic or cytologic diagnosis of advanced solid tumor that

had relapsed, was refractory to standard therapy or for

which there was no standard therapy. Additional eligibility

criteria included Eastern Cooperative Oncology Group

(ECOG) performance status of 0 or 1 and adequate

hematologic, hepatic, renal, and blood coagulation func-

tion. Major exclusion criteria included history or clinical

evidence of central nervous system metastases, significant

gastrointestinal abnormalities that could increase the risk of

gastrointestinal bleeding or affect the absorption of study

drugs, presence of uncontrolled infection, corrected QT

interval (QTc) above 480 ms, significant cardiovascular

abnormality less than 6 months before enrollment, poorly

controlled hypertension, or evidence of active bleeding.

Patients were prohibited from using medications that

inhibit or induce CYP3A4 and drugs that increase gastric

pH, to avoid confounding the study objectives. The study

protocol was reviewed and approved by the institutional

review board of each participating center. The trial was

conducted in accordance with good clinical practice and

the principles of the Declaration of Helsinki. All patients

provided written informed consent before receiving

treatment.

Trial design

This was an open-label, two-center, two-arm trial with a

two-period sequential design (VEG113971; ClinicalTri-

als.gov identifier NCT01205230) to assess the effects of

ketoconazole (Arm A) and esomeprazole (Arm B) on the

pharmacokinetics of pazopanib and its metabolites.

Arm A

During period 1, patients received pazopanib 400 mg once

daily for 7 days. During period 2, patients received paz-

opanib 400 mg and ketoconazole 400 mg once daily for

5 days.

Arm B

During period 1, patients received pazopanib 800 mg daily

in the morning for 7 days. On day 7 of period 1, patients

took the first dose of esomeprazole 40 mg in the evening.

During period 2, patients received pazopanib 800 mg and

esomeprazole 40 mg for 4 days. On the final day of period

2, patients received only pazopanib 800 mg.

After completion of period 2 in either arm, the dose of

pazopanib could be reduced or increased in increments of

200 mg, to a minimum dose of 200 mg or a maximum dose

of 800 mg. A target of 12 evaluable patients was to be

enrolled in each arm. Patients were considered evaluable if

they received all doses during periods 1 and 2 without dose

interruptions or modifications, and they had evaluable

pharmacokinetic data. If no more than one patient experi-

enced a dose-limiting toxicity (DLT) during coadminis-

tration of ketoconazole or esomeprazole, an additional six

patients would be enrolled in each arm. If more than one

patient experienced a DLT, an additional 12 patients would

be enrolled and would receive a lower pazopanib dose.

A DLT during the coadministration periods was defined as

a grade 4 hematologic toxicity other than lymphopenia, a
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grade 3 or grade 4 non-hematologic toxicity other than

alopecia, nausea, vomiting, or diarrhea in the absence of

adequate supportive therapy or any toxicity considered

dose-limiting by the investigator. Adverse events were

evaluated and graded using the National Cancer Institute

Common Technology Criteria for Adverse Events, version

3.0.

The primary endpoints for Arm A were the plasma

pazopanib AUC(0–24), maximum observed concentration

(Cmax), and tmax after at least 7 consecutive days of

administration of pazopanib alone and after 5 days of

administration of pazopanib and ketoconazole. The pri-

mary endpoints for Arm B were plasma pazopanib

AUC(0–24), Cmax, and tmax after at least 7 days of admin-

istration of pazopanib alone and after 5 days of adminis-

tration of pazopanib and esomeprazole. Secondary

endpoints included the incidence and severity of AEs,

plasma pazopanib concentration 24 h after administration

(C24), pazopanib AUC(0–24), Cmax, and tmax in the presence

of ketoconazole or esomeprazole and plasma ketoconazole

concentrations.

Pazopanib was administered orally (with a full glass of

water) once daily at least 1 h before or 2 h after a meal in

the morning. In Arm A, ketoconazole was administered

orally once daily before the pazopanib dose in the morning,

for a total of 5 days. In Arm B, esomeprazole was

administered orally once daily at bedtime, approximately

3 h after the evening meal, for a total of 5 days.

Assessments

Medical history, physical examination, laboratory tests,

and clinical chemistry were performed 1 day before the

first dose of pazopanib. Vital signs, laboratory tests, and

clinical chemistry were also obtained on the day after the

final dose of pazopanib and at follow-up (14–28 days

after the final dose of pazopanib). Liver function tests

and a 12-lead electrocardiogram were repeated on day 7

of period 1. Patients were monitored continuously for

AEs.

Pharmacokinetic sampling and statistical analysis

In Arms A and B, on day 7 of period 1 and day 5 of period

2, blood samples for the determination of plasma pazopa-

nib and its metabolites were obtained pre-dose and at 1, 2,

3, 4, 6, 8, and 24 h after pazopanib administration. Plasma

samples were analyzed for pazopanib and its metabolites as

previously described [5]. Blood samples for the determi-

nation of plasma ketoconazole (Arm A) were obtained pre-

dose and at 1 and 2 h after pazopanib administration on the

last day of period 2. Plasma samples were analyzed for

ketoconazole using a validated analytical method based on

the protein precipitation, followed by high-performance

liquid chromatography/mass spectrometry/mass spectrom-

etry analysis. The lower limit of quantification for keto-

conazole was 50 ng/mL using a 50 lL aliquot of human

plasma with a higher limit of quantification of 5,000 ng/mL

for ketoconazole. Systemic concentrations of esomeprazole

were not related to its pharmacodynamic effect on pazop-

anib; therefore, plasma concentrations of esomeprazole

were not quantified.

Pharmacokinetic parameters were calculated by standard

non-compartmental methods using WinNonlin (Pharsight

Corporation, Mountain View, CA) and summarized descrip-

tively. To evaluate the effect of ketoconazole on the phar-

macokinetics of pazopanib, loge-transformed AUC(0–24) and

Cmax were fit to a mixed-effects model with a fixed-effect term

for drug treatment and a random effect term for patient.

Estimates and 90 % confidence intervals (CIs) were con-

structed for the difference in least-squares means between

treatments. Those results were back-transformed to provide

ratios of geometric least-squares means and 90 % CIs for the

selected parameters.

The target sample size of 12 evaluable patients per arm

was chosen considering the largest within-patient coeffi-

cient of variation of 38.5 % from previous pazopanib

studies. With a sample size of at least 12 evaluable

patients, it was estimated that the precision (i.e., half-width

of the 90 % CI on the loge scale) for the treatment differ-

ence would be within 32 % of the point estimate for

AUC(0–24) and Cmax.

Results

Patients

Between August 2010 and August 2011, a total of 34

patients were enrolled (Table 1). There were 21 patients

treated with pazopanib 400 mg and ketoconazole 400 mg

(Arm A), and 13 patients treated with pazopanib 800 mg

and esomeprazole 40 mg (Arm B). Overall, the most

common malignancies were breast cancer (21 %), colo-

rectal cancer (12 %), uterine cancer (9 %), and ovarian

cancer (9 %).

Dose-limiting toxicities

In Arm A, one of the first six patients enrolled experienced

a DLT of grade 3 hypertension during period 2. This led to

the enrollment of additional patients dosed at 400 mg of

pazopanib. Subsequently, a second DLT of grade 3

hypertension occurred during period 2. In addition to the

two patients who experienced DLTs, three other patients

were not evaluable for pharmacokinetics because of study
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day vomiting incidents that resulted in dose interruptions.

This led to the enrollment of additional patients to obtain

evaluable pharmacokinetic data. In Arm B, no DLTs

occurred. All 13 patients received pazopanib at 800 mg.

There was one patient in Arm B whose pharmacokinetic

samples were not evaluable.

Pharmacokinetics

Arm A

Plasma samples for analysis of the pharmacokinetics of

pazopanib, and its metabolites were obtained from 21

patients who received pazopanib 400 mg/day and from 16

patients who received pazopanib 400 mg/day plus keto-

conazole 400 mg/day. In the presence of ketoconazole, the

mean AUC(0–24) increased from 786 to 1,300 lg h/mL and

the mean Cmax rose from 40.7 to 59.2 lg/mL; geometric

least-squares mean ratios of these parameters were 1.66

(90 % CI 1.39, 1.99) and 1.45 (90 % CI 1.14, 1.86),

respectively (Table 2). The mean concentration–time pro-

files of pazopanib when administered alone or following

concomitant administration of ketoconazole are illustrated

in Fig. 1.

The mean AUC(0–24) and Cmax for the pazopanib metabolites

GSK1268997 and GSK1071306 were lower with concomitant

administration of ketoconazole (Table 2). For GSK1268997,

AUC(0–24) decreased by 61 % and Cmax decreased by 68 %; for

GSK1071306, AUC(0–24) decreased by 44 % and Cmax

decreased by 43 % (Table 2). Exposure to the pazopanib

metabolite GSK1268992, as measured by AUC(0–24) and Cmax,

was unchanged by ketoconazole (Table 2).

Coadministration of ketoconazole 400 mg/day had little

effect on the tmax of pazopanib (Table 2). Ketoconazole

shortened pazopanib tmax by 0.45 h (median difference;

90 % CI -1.06, 0.06 h). In contrast, tmax for the metabo-

lites of pazopanib was increased (median difference) by

more than 9 h [GSK1268992, 9.8 h (90 % CI 7.5, 19.9 h);

GSK1268997, 9.4 h (90 % CI 5.5, 11.7 h); GSK1071306,

10.0 h (90 % CI 7.0, 19.0 h)].

The mean plasma concentrations of ketoconazole at 1 and

2 h after administration on day 5 of period 2 in 16 patients

were 4.21 lg/mL (range 0.179–10.5 lg/mL) and 4.82 lg/mL

(range 0.238–8.4 lg/mL), respectively. These results were

consistent with values reported in other studies after admin-

istration of ketoconazole 400 mg daily for 4 days [13, 14].

Arm B

Plasma samples for analysis of the pharmacokinetics of

pazopanib and its metabolites were obtained from 12

patients who received pazopanib 800 mg/day alone and

pazopanib 800 mg/day plus esomeprazole 40 mg/day. In

the presence of esomeprazole, the mean AUC(0–24)

decreased from 848 to 512 lg h/mL and the mean Cmax

decreased from 48.9 to 28.4 lg/mL; geometric least-

squares mean ratios of these parameters were 0.60 (90 %

CI 0.52, 0.70) and 0.58 (90 % CI 0.50, 0.67), respectively

(Table 3). These data indicate that coadministration of

esomeprazole decreased the AUC(0–24) and Cmax of paz-

opanib by 40 and 42 %, respectively. The mean concen-

tration–time profiles of pazopanib when administered alone

or in combination with esomeprazole are shown in Fig. 2.

The mean values of AUC(0–24) and Cmax for the paz-

opanib metabolites GSK1268992, GSK1268997, and

GSK1071306 were lower with concomitant administration

of esomeprazole (Table 3). For GSK1268992, both

Table 1 Patient characteristics

Characteristic Patients (N = 34)

Arm A

(n = 21)

Arm B

(n = 13)

Age, mean years (range) 60.0 (37–80) 57.9 (36–75)

Gender, n (%)

Male 10 (48) 2 (15)

Female 11 (52) 11 (85)

Ethnicity, n (%)

Hispanic or Latino 1 (5) 1 (8)

Not Hispanic or Latino 20 (95) 12 (92)

Race, n (%)

African-American/African heritage 1 (5) 2 (15)

Central/South Asian heritage 2 (10) 0

South East Asian heritage 1 (5) 0

Native Hawaiian or other Pacific

Islander

0 1 (8)

White/European heritage 17 (81) 10 (77)

ECOG performance status, n (%)

0 7 (33) 7 (54)

1 14 (67) 6 (46)

Primary tumor type, n (%)

Breast 5 (24) 2 (15)

Colon/rectum 1 (5) 3 (23)

Bladder 2 (10) 0

Uterus 2 (10) 1 (8)

Ovary 2 (10) 1 (8)

Renal cell 2 (10) 0

Non-small-cell lung cancer 1 (5) 1 (8)

Soft tissue sarcoma 1 (5) 1 (8)

Thyroid 1 (5) 1 (8)

Othera 4 (19) 3 (23)

ECOG Eastern Cooperative Oncology Group, SD standard deviation
a Other tumor types included adenoid cystic, head and neck, kidney,

small-cell lung cancer, neuroendocrine, pancreas, urothelial
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AUC(0–24) and Cmax decreased by 42 %; for GSK1268997,

AUC(0–24) decreased by 48 % and Cmax decreased by

49 %; for GSK1071306, AUC(0–24) decreased by 30 % and

Cmax decreased by 31 % (Table 3).

Coadministration of esomeprazole increased tmax of

pazopanib (Table 3); from least-squares analysis, the

median difference was 1.07 h (90 % CI –0.10, 2.44 h). The

tmax for pazopanib metabolite GSK1071306 increased by

1.47 h (median difference, 90 % CI –0.02, 3.75 h). Similar

analyses revealed that in the presence of esomeprazole,

tmax for the metabolites GSK1268992 and GSK1268997

increased slightly (GSK1268992: median difference

0.41 h, 90 % CI -0.20, 1.44 h; GSK1268997: median

difference 0.41 h, 90 % CI -0.56, 1.42 h).

Table 2 Effect of ketoconazole on the pharmacokinetic parameters of pazopanib and its metabolites

Treatment,

mg/day

n AUC(0–24),

lg h/mLa

AUC(0–24) ratiob

(PAZ ? KETO/

PAZ)

Cmax, lg/mLa Cmax ratiob

(PAZ ? KETO/

PAZ)

tmax, hc C24, lg/mLa

Pazopanib

PAZ 400d 21 786 (632, 976) 1.66 (1.39, 1.99) 40.7 (32.8, 50.6) 1.45 (1.14, 1.86) 3.98 (2.0–24.0) 26.9 (21.5, 33.6)

PAZ 400 ? KETO 400e 16 1,300 (1,030, 1,620) 59.2 (45.1, 77.6) 3.48 (2.0–23.9) 48.7 (36.5, 65.0)

GSK1268992

PAZ 400d 21 30.3 (23.4, 39.2) 1.02 (0.81, 1.30) 1.55 (1.19, 2.03) 1.00 (0.77, 1.30) 4.0 (2.0–24.3) NR

PAZ 400 ? KETO 400e 16 30.3 (22.5, 40.8) 1.52 (1.16, 2.01) 24.0 (0–27.0) NR

GSK1268997

PAZ 400d 21 17.4 (13.4, 22.7) 0.39 (0.32, 0.46) 1.02 (0.73, 1.45) 0.32 (0.23, 0.44) 3.02 (2.0–8.0) NR

PAZ 400 ? KETO 400e 16 6.67 (4.97, 8.94) 0.31 (0.22, 0.44) 13.4 (0–27.0) NR

GSK1071306

PAZ 400d 21 7.61 (5.81, 9.97) 0.56 (0.43, 0.72) 0.39 (0.30, 0.51) 0.57 (0.44, 0.74) 3.12 (2.0–8.9) NR

PAZ 400 ? KETO 400e 16 4.26 (3.44, 5.27) 0.22 (0.16, 0.29) 24.1 (0–27.0) NR

AUC(0–24) area under the concentration–time curve from 0 to 24 h, Cmax maximum observed concentration, C24 plasma concentration after 24 h, h hours,

KETO ketoconazole, NR not reported, PAZ pazopanib, tmax time of occurrence of Cmax

a Geometric mean (95 % confidence interval)
b Geometric least-squares mean ratio (90 % confidence interval)
c Median (range)
d Blood samples obtained during period 1 from patients who received only PAZ
e Blood samples obtained during period 2 from patients who received PAZ ? KETO

Fig. 1 Mean (±standard error)

plasma concentrations of

pazopanib following

administration of pazopanib

400 mg for 7 days or

coadministration of pazopanib

400 mg plus ketoconazole

400 mg for 5 days (linear

scale). Inset semi-log scale
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Safety

Overall, the most common drug-related AEs were nausea

(29 %), vomiting (21 %), hypertension (21 %), decreased

appetite (18 %), and diarrhea (15 %) (Table 4). Adverse

events were more frequently observed in patients receiving

both study drugs than in patients receiving pazopanib only.

The majority of AEs in either arm were grade 1 or 2. In

Arm A, four patients experienced grade 3 or 4 AEs that

were considered drug-related. One patient receiving paz-

opanib alone experienced grade 3 hypertension that was

resolved within 24 h. Among patients who received paz-

opanib plus ketoconazole, one experienced grade 4 hypo-

kalemia, one experienced grade 3 lymphopenia, and one

experienced grade 3 hypertension that led to withdrawal

from the trial. An additional patient withdrew from the trial

Table 3 Effect of esomeprazole on the pharmacokinetic parameters of pazopanib and its metabolites

Treatment,

mg/day

n AUC(0–24),

lg h/mLa
AUC ratio,b

(PAZ ? ESO/

PAZ)

Cmax, lg/mLa Cmax ratio,b

(PAZ ? ESO/

PAZ)

tmax, hc C24, lg/mLa

Pazopanib

PAZ 800d 12 848 (661, 1,090) 0.60 (0.52, 0.70) 48.9 (39.5, 60.6) 0.58 (0.50, 0.67) 3.0 (1.9–7.8) 27.2 (20.4, 36.4)

PAZ 800 ? ESO 40e 12 512 (418, 627) 28.4 (23.8, 33.9) 3.9 (1.0–24.8) 17.3 (12.6, 23.7)

GSK1268992

PAZ 800d 12 35.5 (25.4, 49.6) 0.58 (0.50, 0.68) 1.95 (1.48, 2.57) 0.58 (0.50, 0.68) 3.0 (1.1–5.8) NR

PAZ 800 ? ESO 40e 12 20.8 (16.2, 26.5) 1.13 (0.89, 1.44) 3.0 (1.0–24.8) NR

GSK1268997

PAZ 800d 12 21.6 (14.2, 33.0) 0.52 (0.43, 0.62) 1.65 (1.19, 2.27) 0.51 (0.42, 0.61) 2.2 (1.1–6.1) NR

PAZ 800 ? ESO 40e 12 11.2 (7.54, 16.7) 0.84 (0.56, 1.24) 2.4 (1.0–24.8) NR

GSK1071306

PAZ 800d 12 11.7 (8.24, 16.6) 0.70 (0.60, 0.80) 0.61 (0.43, 0.86) 0.69 (0.61, 0.79) 3.9 (2.0–7.9) NR

PAZ 800 ?ESO 40e 12 8.14 (5.73, 11.6) 0.42 (0.30, 0.59) 6.0 (1.0–24.8) NR

AUC(0–24) area under the concentration–time curve from 0 to 24 h, Cmax maximum observed concentration, C24 plasma concentration after 24 h,

ESO, esomeprazole, h hours, NR not reported, PAZ pazopanib, tmax time of occurrence of Cmax

a Geometric mean (95 % confidence interval)
b Median (range)
c Geometric least-squares mean ratio (90 % confidence interval)
d Blood samples obtained during period 1 from patients who received only PAZ
e Blood samples obtained during period 2 from patients who received PAZ ? ESO

Fig. 2 Mean (±standard error)

plasma concentrations of

pazopanib following

administration of pazopanib

800 mg for 7 days or

coadministration of pazopanib

800 mg plus esomeprazole

40 mg for 5 days (linear scale).

Inset semi-log scale
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because of grade 3 hypertension, but that event was not

considered drug-related. In Arm B, two patients receiving

pazopanib and esomeprazole experienced grade 3 hyper-

tension that was considered drug-related. However, both

patients had hypertension at baseline and were adequately

managed without dose reduction or dose interruption, and

the events were not considered DLTs. No serious AEs or

deaths occurred during the study. No prolongation of the

QTc interval or severe liver toxicity was observed.

Discussion

Potential drug interactions with pazopanib have been

explored previously. Administration of pazopanib with a

cocktail of CYP450-specific probe drugs (Cooperstown

5 ? 1 cocktail) suggested that pazopanib is a weak inhib-

itor of CYP3A4, its main metabolic enzyme, and had the

potential to increase the systemic concentrations of other

CYP3A4-metabolized drugs [5]. One of the objectives of

the present study was to determine the effect of CYP3A4

inhibition on the pharmacokinetics and safety of

pazopanib.

Pharmacokinetic analyses revealed that systemic expo-

sure of pazopanib was increased by the strong CYP3A4

inhibitor ketoconazole. Pazopanib AUC(0–24) and Cmax

increased 66 and 45 %, respectively, following coadmin-

istration of pazopanib and ketoconazole, with concomitant

decreases in those parameters for the metabolites

GSK1268997 and GSK1071306. These results are consis-

tent with an increase in pazopanib exposure due to

decreased metabolism in the presence of a CYP3A4

inhibitor. Metabolite GSK1268992 exposure was not

changed in the presence of ketoconazole, suggesting that

other metabolic pathways are also involved and play a

minor role in the systemic clearance of pazopanib.

The recommended therapeutic dose of pazopanib in

patients with normal hepatic function is 800 mg once daily.

Higher doses were associated with increased toxicity [4]. In

the present trial, daily administration of pazopanib 400 mg

Table 4 All drug-related

adverse events

ALT alanine aminotransferase,

ESO esomeprazole, KETO
ketoconazole, PAZ pazopanib

Patients, n (%)

Arm A Arm B

PAZ

400 mg

n = 21

PAZ 400 mg ? KETO

400 mg

n = 21

PAZ

800 mg

n = 13

PAZ 800 mg ? ESO

40 mg

n = 13

Any adverse event 8 (38) 13 (62) 2 (15) 7 (54)

Nausea 5 (24) 2 (10) 1 (8) 2 (15)

Vomiting 3 (14) 3 (14) 1 (8) 0

Diarrhea 3 (14) 2 (10) 0 0

Hypertension 3 (14) 2 (10) 0 2 (15)

Appetite decreased 1 (5) 3 (14) 0 2 (15)

Fatigue 1 (5) 0 0 2 (15)

Serum bilirubin

increased

0 2 (10) 0 0

Headache 0 2 (10) 0 0

Adrenal insufficiency 0 1 (5) 0 0

ALT increased 0 1 (5) 0 0

Anemia 0 1 (5) 0 0

Serum amylase

increased

0 1 (5) 0 0

Dizziness 1 (5) 0 0 0

Dysgeusia 0 0 0 1 (8)

Epistaxis 0 1 (5) 0 0

Hypoalbuminemia 0 1 (5) 0 0

Hypokalemia 0 1 (5) 0 0

Hypothyroidism 0 1 (5) 0 0

Lipase increased 0 1 (5) 0 0

Lymphopenia 0 1 (5) 0 0

Pruritus 0 0 0 1 (8)
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plus ketoconazole 400 mg led to steady-state systemic

exposures (mean AUC(0–24) = 1,300 lg h/mL; mean

Cmax = 59.2 lg/mL) that were comparable to values

reported in a study of pazopanib 800 mg once daily in the

absence of CYP3A4 inhibition. In that trial, at the recom-

mended therapeutic dose, values for mean AUC(0–24)

and mean Cmax at steady-state were reported to be 1,040

lg h/mL and 58 lg/mL, respectively [5]. Administration

of pazopanib at 800 mg in the presence of a strong

CYP3A4 inhibitor could therefore lead to increased sys-

temic exposure of pazopanib and increased risk of toxicity.

The current prescribing information recommends that coad-

ministration of pazopanib and strong CYP3A4 inhibitors

should be avoided. If coadministration is necessary, the dose

of pazopanib should be reduced to 400 mg once daily.

Another objective of this trial was to study the effect of

elevated gastric pH on the pharmacokinetics of pazopanib.

A previous trial revealed that administration of pazopanib

with food was associated with an approximately two-fold

increase in systemic exposure to the drug [15]. The current

prescribing information recommends that pazopanib be

administered in the fasted state to minimize day-to-day

variations in exposure. In the present study, the protocol to

test potential interaction between pazopanib and esomep-

razole specified that esomeprazole 40 mg was to be

administered in the evening and pazopanib 800 mg was to

be administered in the fasted state in the morning. The

results of this study demonstrate that at steady-state, sys-

temic exposure to pazopanib was reduced by esomepraz-

ole. Mean AUC(0–24) decreased by 40 % and mean Cmax

decreased by 42 %; steady-state blood levels of all 3

metabolites of pazopanib were similarly decreased. These

results suggest that absorption of pazopanib is hindered by

elevated fasting gastric pH and is consistent with the

observation that the solubility of pazopanib is greater in a

more acidic environment [15].

Results from a phase I trial suggested that the clinical

efficacy of pazopanib is related to a threshold steady-state

trough concentration (C24) of at least 15 lg/mL [4]. In the

present study, the mean values for C24 in patients receiving

pazopanib 800 mg once daily in the absence of esomep-

razole were 27.2 lg/mL (Table 3). In the presence of

esomeprazole, the mean C24 of pazopanib dropped to

17.3 lg/mL (Table 3). Since the latter value is close to the

threshold concentration for therapeutic efficacy, and there

can be substantial between-patient variability in exposure

at the same dose level, coadministration of esomeprazole

may create the potential for subtherapeutic exposure of

pazopanib in some patients. If pazopanib and esomeprazole

must be used together, care should be taken to administer

pazopanib when gastric pH is expected to be at a minimum.

Gastric pH has been observed to follow a circadian pattern,

with pH tending to fall during the nighttime fasting period

and then rise in the morning hours of 6–8 a.m. [16]. A

study that examined gastric pH following an evening dose

of esomeprazole 40 mg found that the value of gastric pH

reached approximately 6.0 during the morning peak just

before breakfast and was at a minimum of approximately

3.0 just before dinner [17]. To avoid reduced absorption

and subtherapeutic blood levels, the dosing schedule of

pazopanib therefore should be tailored to match a mini-

mum in gastric pH in patients receiving esomeprazole or

other drugs that reduce gastric acidity.

The interactions between pazopanib and the other study

drugs appeared to have little effect on safety, as pazopanib

was well tolerated in this study. Most AEs were grade 1 or

2 in either arm, and no new or unexpected AEs were

reported. Hypertension, an AE known to be associated with

pazopanib therapy, was observed in no more than 15 % of

patients in either study arm; all events of hypertension were

well managed. More AEs were observed during the second

phase of each study arm, when pazopanib was being co-

administered with either ketoconazole or esomeprazole.

However, the design of the study does not permit a rigorous

evaluation of whether the increase in AEs was caused by

the increased time on pazopanib therapy or by drug–drug

interactions.

Conclusion

Administration of pazopanib in the presence of a CYP3A4

inhibitor, such as ketoconazole, increased systemic expo-

sure to pazopanib. Concomitant use of pazopanib with a

strong inhibitor of CYP3A4 should be avoided. A reduced

dose of pazopanib 400 mg daily should be given if con-

comitant administration with a CYP34A inhibitor is nec-

essary. There was a reduction in the absorption of

pazopanib when coadministered with esomeprazole at the

40 mg/day dose. If pazopanib and proton pump inhibitors

are used concomitantly, the dosing pattern should avoid

administration of the proton pump inhibitor at bedtime and

administration of pazopanib the following morning, when

gastric pH is maximal. Consideration should be given to

changing pazopanib administration at a time when gastric

pH is expected to be low, such as late evening.
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