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Abstract
Background and Objective Pexidartinib is a novel oral small-molecule inhibitor that selectively targets colony-stimulating 
factor 1 receptor, KIT proto-oncogene receptor tyrosine kinase, and FMS-like tyrosine kinase 3 harboring an internal tandem 
duplication mutation. It is approved in the United States for the treatment of adult patients with symptomatic tenosynovial 
giant cell tumor (TGCT) associated with severe morbidity or functional limitations and not amenable to improvement with 
surgery. Pexidartinib in vitro data indicate the potential for absorption- and metabolism-related drug–drug interactions 
(DDIs). The objective was to present a comprehensive DDI risk assessment of agents that can impact pexidartinib exposure 
by altering its absorption and metabolism potentially affecting efficacy and safety of pexidartinib.
Methods Four open-label crossover studies were performed to assess the effects of a pH modifier (esomeprazole), a strong 
cytochrome P450 (CYP) 3A4 inhibitor (itraconazole), a strong CYP3A/5′-diphospho-glucuronosyltransferase (UGT) inducer 
(rifampin), and a UGT inhibitor (probenecid) on the single-dose pharmacokinetics of pexidartinib. In addition, a physiologi-
cally based pharmacokinetic model was developed to predict the effect of a moderate CYP3A4 inhibitor (fluconazole) and 
a moderate CYP3A inducer (efavirenz) on the pharmacokinetics of pexidartinib.
Results Co-administration of pexidartinib with esomeprazole modestly decreased pexidartinib exposure (maximum plasma 
concentration  [Cmax], ng/mL: geometric mean ratio [90% confidence interval (CI)], 45.4% [36.8–55.9]; area under the 
drug plasma concentration–time curve from time 0 to infinity [AUC ∞], ng•h/mL: geometric mean ratio [90% CI], 53.1% 
[47.4–59.3]), likely related to decreased solubility of pexidartinib at increased pH levels. As expected, the strong CYP3A4 
inhibitor itraconazole increased pexidartinib exposure (Cmax, ng/mL: geometric mean ratio [90% CI], 148.3% [127.8–172.0]; 
AUC ∞, ng•h/mL: geometric mean ratio [90% CI], 173.0% [160.7–186.3]) while the strong CYP3A/UGT inducer rifampin 
decreased exposure (Cmax, ng/mL: geometric mean ratio [90% CI], 67.1% [53.1–84.8]; AUC ∞, ng•h/mL: geometric mean 
ratio [90% CI], 37.0% [30.6–44.8]). In addition, UGT inhibition increased pexidartinib exposure (Cmax, ng/mL: geometric 
mean ratio [90% CI], 105.8% [92.4–121.0]; AUC ∞, ng•h/mL: geometric mean ratio [90% CI], 159.8% [143.4–178.0]), 
consistent with the fact that pexidartinib is a substrate of the UGT1A4 enzyme, which is responsible for the generation of 
the major metabolite, ZAAD-1006a.
Conclusions The physiologically based pharmacokinetic model predicted that a moderate CYP3A4 inhibitor and a moderate 
CYP3A inducer would produce modest increases and decreases, respectively, in pexidartinib exposure. These results provide 
a basis for pexidartinib dosing recommendations when administered concomitantly with drugs with drug–drug interaction 
potential, including dose adjustments when concomitant administration cannot be avoided.
Clinical Trial Registration Probenecid: phase I trial, NCT03138759, 3 May, 2017; esomeprazole, itraconazole, rifampin: 
phase I trials, not registered with ClinicalTrials.gov.
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Key Points 

Cytochrome P450 (CYP) 3A4 inhibitors, CYP3A 
inducers, 5′-diphospho-glucuronosyltransferase (UGT) 
inhibitors, and pH modifiers significantly affect and alter 
pexidartinib pharmacokinetics.

These findings offer valuable insight for treating cli-
nicians on how to safely administer certain agents 
(CYP3A4 inhibitors, CYP3A inducers, UGT inhibitors, 
and pH modifiers) in combination with pexidartinib.

1  Background

Pexidartinib is an orally active, small-molecule kinase 
inhibitor that selectively targets colony-stimulating factor 1 
receptor, KIT proto-oncogene receptor tyrosine kinase, and 
FMS-like tyrosine kinase 3 harboring an internal tandem 
duplication mutation [1, 2]. Based on the ENLIVEN trial, 
pexidartinib is approved for the treatment of adults with 
symptomatic tenosynovial giant cell tumor associated with 
severe morbidity or functional limitations and not amenable 
to surgery [1, 3]. In vitro data suggest that pexidartinib has 
the potential for absorption-related and metabolism-related 
drug–drug interactions (DDIs).

Pexidartinib solubility decreases as pH increases, sug-
gesting that alterations in gastrointestinal pH may influ-
ence the absorption of pexidartinib prior to metabolism, 
resulting in altered bioavailability. Following oral admin-
istration, pexidartinib is extensively metabolized [1]. 
In vitro studies indicate cytochrome P450 (CYP) 3A4 as 
the main enzyme responsible for the metabolism of pex-
idartinib. In addition, the major metabolite of pexidarti-
nib in plasma (ZAAD-1006a) is a N-glucuronide conju-
gate with an exposure similar to the parent compound. 
In vitro data indicate that ZAAD-1006a is generated by 
5′-diphospho-glucuronosyltransferase (UGT). Therefore, 
altered enzymatic activity of any of these metabolizing 
enzymes due to induction or inhibition could potentially 
modify pexidartinib exposure. Overall, pexidartinib has 
DDI potential when administered with agents that influ-
ence pH or modify CYP3A4 and/or UGT activity and that 
have the potential to influence the pharmacokinetic (PK) 
profile of pexidartinib, resulting in a potential increase or 
decrease in pexidartinib exposure.

This report describes the results of four open-label 
crossover studies evaluating the effects of a pH modifier 
(esomeprazole), a strong CYP3A4 inhibitor (itraconazole) 

and a strong CYP3A/UGT inducer (rifampin), and a UGT 
inhibitor (probenecid) on the single-dose pharmacokinet-
ics of pexidartinib. Furthermore, the effect of a moderate 
CYP3A4 inhibitor and inducer (fluconazole and efavirenz, 
respectively) on the single-dose pharmacokinetics of pex-
idartinib was assessed through physiologically based PK 
(PBPK) modeling. The overall objective is to present a 
comprehensive DDI risk assessment of the class of agents 
that can influence exposure of pexidartinib by altering its 
absorption and metabolism, potentially affecting the efficacy 
and safety of pexidartinib. The results from clinical studies 
and PBPK modeling were utilized to develop a dosing rec-
ommendation for pexidartinib when co-administered with 
a class of agents with DDI potential. The derived dosing 
recommendations based on the results from these studies 
are included in the US package insert [1].

2  Materials and Methods

2.1  Study Designs

Four separate phase I studies with one or two treatment 
sequences were conducted in healthy subjects at single sites 
in the USA. The studies evaluated the effect of a (1) pH 
modifier (proton pump inhibitor, esomeprazole); (2) strong 
CYP3A4 inhibitor (itraconazole); (3) strong CYP3A/UGT 
inducer (rifampin); and (4) UGT inhibitor (probenecid) on 
the single-dose pharmacokinetics of pexidartinib. The stud-
ies were conducted in compliance with the ethical principles 
of the Declarations of Helsinki and the International Confer-
ence on Harmonization consolidated Guideline E6 for Good 
Clinical Practice and approved by the applicable institutional 
review boards. All subjects provided written informed con-
sent prior to study participation.

In all studies, subjects were screened from day − 21 
through day − 1, and eligible individuals were confined at 
the clinical pharmacology unit for the study duration. The 
high-level design of the studies is presented in Fig. 1a–d. All 
four studies were two-treatment crossover studies investigat-
ing the pharmacokinetics of pexidartinib when administered 
alone and co-administered with perpetrator drugs. There was 
a washout period between periods and treatment, 10 days for 
the esomeprazole, rifampin, and itraconazole studies and 
17 days in the probenecid study (Fig. 1a–d). A pexidartinib 
dose of 600 mg (3 × 200-mg capsules) was utilized in all 
studies. Depending on the study, the following doses were 
utilized, esomeprazole 40 mg, itraconazole 200-mg oral 
solution (20 mL as 10 mg/mL), rifampin 600 mg (2 × 300 
mg capsules), and probenecid 500 mg (1 × 500-mg tab-
let). In all four studies, when pexidartinib was administered 
alone and on the day of co-administration, study drugs were 
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administered in the morning with 240 mL of water after an 
overnight fast of at least 8–10 hours, followed by a continued 
fast for an additional 4 hours.

2.2  Subjects

Inclusion and exclusion criteria were identical between the 
four studies with minor exceptions.

2.2.1  Inclusion Criteria

Eligible subjects were healthy subjects aged 18–60 years 
with a body mass index between 18 and 30 kg/m2 (18–32 
kg/m2 in the UGT inhibitor study). Female subjects required 
a negative serum pregnancy test, to be non-lactating, and 
either surgically sterile or naturally postmenopausal for at 
least 12 consecutive months, while male subjects were either 
surgically sterile or agreed to use double-barrier methods 
of contraception. Subjects required a negative urine test for 
drugs of abuse, human immunodeficiency virus antibody, 
hepatitis surface antigen, and hepatitis C virus antibody, 

and willing to refrain from consuming caffeine/xanthine or 
alcohol from 48 h prior to check-in until the end of the study, 
and willing to refrain from consuming grapefruit or Seville 
oranges 7 days prior to and through the end of the study.

2.2.2  Exclusion Criteria

Subjects with a history or current evidence of any significant 
disorder potentially preventing the successful completion 
of the study, and a history of clinically significant neutro-
penia were excluded. Those with clinical laboratory results 
outside the normal range and considered clinically signifi-
cant, a history of stomach or intestinal surgery or resection 
that may alter drug absorption, or a history of alcoholism 
or drug addiction with 1 year or use of tobacco-containing 
or nicotine-containing products within 6 months were also 
excluded. Subjects were prohibited from taking prescrip-
tion or over-the-counter medications within 14 days prior to 
the study (except acetaminophen and topical hydrocortisone 
cream) or medications known to induce or inhibit CYP3A4, 

Fig. 1  Study designs: a, esome-
prazole study: an open-label 
randomized, two-treatment, 
two-period crossover study; 
b, itraconazole study: a 
single-sequence, two-treat-
ment, two-period crossover 
study; c, rifampin study: a 
single-sequence, two-treatment, 
two-period crossover study; d, 
probenecid study: an open-label 
randomized, two-treatment, 
two-period crossover study

a 

b
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Screening Check-in Pexidartinib Pexidartinib and
Itraconazole
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Check-out
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Treatment ATreatment B
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Check-out

Screening Check-in Randomization
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Treatment ATreatment B

Treatment B

Check-out

• Treatment A: Pexidartinib 600 mg × 1 dose
• Treatment B: Esomeprazole 40 mg once daily for 5 days; esomeprazole and pexidartinib coadministered on day 2
• 10-day washout between treatments

• Treatment A: Pexidartinib 600 mg × 1 dose
• Treatment B: Rifampin 600 mg x 1 dose daily for 9 days, day 10 coadministered with pexidartinib 600 mg, and
  days 11-15 Rifampin 600 mg x 1 dose daily
• 10-day washout between pexidartinib dosing in Period 1 and the start of Rifampin dosing in Period 2

• Treatment A: Pexidartinib 600 mg × 1 dose
• Treatment B: Probenecid 500 mg four times daily for 14 days with pexidartinib coadministered on day 2
• 17-day washout between doses of pexidartinib

• Period 1: Pexidartinib 600 mg × 1 dose
• Period 2: Itraconazole 200 mg twice a day on day 1, then 200 mg once daily on days 2-18 with pexidartinib 
  coadministered on day 6
• 10-day washout between periods
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CYP2C9, or UGT (UGT inhibitor study only) within 28 days 
prior to the study.

2.3  Assessments

Serial plasma samples were collected at the following 
timepoints for the measurements of pexidartinib and 
ZAAD-1006a: 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 6, 8, 
10, 12, 24, 36, 48, 72, 96, and 120 hours. In the strong 
CYP3A4 inhibitor (itraconazole) and UGT inhibitor 
(probenecid) studies, additional samples were collected 
at 144, 168, 192, 216, 240, 264, 288, and 312 hours post-
pexidartinib dose. Plasma samples were analyzed for 
quantification of pexidartinib using the validated liquid 
chromatography-tandem mass spectrometry method over 
a concentration range of pexidartinib of 30–3750 ng/mL. 
For estimation of precision and accuracy of the assay, 
quality control samples were prepared at four concen-
trations (10.0, 30.0, 220, and 3750 ng/mL). Precision 
(coefficient of variation) was 0.8–7.2% within the run, 
and 3.3–6.3% between runs; accuracy was − 7.7 to 7.0% 
within the run, and − 3.3 to 0.3% between runs. Dilution 
integrity was verified at a concentration up to 30,000 ng/
mL when diluted 20-fold. Recovery of pexidartinib was 
between 91 and 97% with the internal standard being 
94%. Short-term stability was similar (24–26 h cumu-
lative stability; 51–55 h [total all thaw cycles]) at − 20 
°C and −80 °C storage, and between 25,000 and 30,000 
ng/mL concentrations. Freeze-thaw stability consisted of 
seven freeze-thaws at − 20 °C. ZAAD-1006a was ana-
lyzed using a qualified liquid chromatography-tandem 
mass spectrometry assay over a concentration range of 
10–5000 ng/mL. Precision (coefficient of variation) was 
1.5–11.4% within the run, and 7.2–11.8% between runs; 
accuracy was − 14.1 to 17.0% within the run, and − 2.3 
to 5.0% between runs. Dilution integrity was verified at a 
concentration up to 25,000 ng/mL when diluted ten-fold, 
and up to 45,000 ng/mL when diluted 15-fold. Recovery 
of pexidartinib was between 88 and 92% with the internal 
standard being 100%. Short-term stability in polypropyl-
ene tubes was 6 hours when stored at − 20 °C and 24 
hours when stored at − 80 °C. Long-term stability stor-
age at − 20 °C was over 400 days compared with 253 
days at − 80 °C storage. Freeze-thaw stability was seven 
freeze-thaws at − 20 °C compared with five freeze-thaws 
at − 80 °C. Analyses performed to assess the interference 
of esomeprazole, itraconazole, and rifampin on the liq-
uid chromatography-tandem mass spectrometry assay for 
the measurement of pexidartinib plasma concentrations 
revealed no interferences on the assay.

Safety endpoints included adverse events, physical 
examination, vital signs, a 12-lead electrocardiogram, 

and laboratory assessments. Adverse events were assessed 
by the investigator for severity and causality to study 
medication.

2.4  Data Analysis

The PK analysis set included all subjects who received a 
dose of pexidartinib and had sufficient plasma concentra-
tion data to characterize PK parameters, while the safety 
analysis set included all subjects who received at least one 
dose of pexidartinib. Pharmacokinetic endpoints included 
maximum plasma concentration (Cmax), time to reach Cmax 
(tmax), area under the drug plasma concentration–time curve 
from time 0 to infinity (AUC ∞), and half-life for pexidartinib 
and ZAAD-1006a when pexidartinib was administered alone 
or in combination with the perpetrator drug. The metabolite-
to-parent exposure ratios (MPRs) were reported for Cmax, 
and AUC ∞. Pharmacokinetic parameters for pexidartinib 
and ZAAD-1006a were computed using WinNonlin Profes-
sional (Version 6.4). Plasma concentration values that were 
below the limit of quantification at the beginning and end 
of a PK profile were set to zero, provided that the below the 
limit of quantification values were not flanked by measurable 
concentrations. Below the limit of quantification values that 
were flanked at the adjacent time by measurable concentra-
tions were set to missing in the PK calculations. The mean 
PK parameters of pexidartinib and ZAAD-1006a were sum-
marized descriptively.

The primary statistical analysis compared Cmax and AUC 
∞ of pexidartinib with and without the co-administration of 
the perpetrator drug using an analysis of variance (ANOVA) 
model for the natural log-transformed values of Cmax and 
AUC ∞. The model included factors accounting for the fol-
lowing sources of variation: treatment, period, sequence, 
and subjects nested in sequences. Within the framework of 
an ANOVA, two-sided 90% confidence intervals (CIs) for 
geometric least-square mean ratios of PK parameters were 
calculated. Safety outcomes were analyzed descriptively.

2.4.1  PBPK Model

Based on the available in vitro and clinical data, the phar-
macokinetics of pexidartinib is affected by strong CYP3A4 
inhibitors and inducers. Therefore, a mechanistic PBPK 
model was developed to predict the effect of a moderate 
CYP3A4 inhibitor and inducer on pexidartinib pharma-
cokinetics. A base minimal PBPK model, with a single 
adjusting compartment, which considers metabolism in 
the liver, intestine, and kidney, and compiles other tissues 
together, was utilized for a pexidartinib PBPK analysis and 
further simulations (Simcyp Simulator Version 15, Certara 
Simcyp™).
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2.4.2  Optimization of the ka Value

A sensitivity analysis was completed comparing the impact 
of pexidartinib ka on simulated Cmax across a range of ka 
values (0.12–1.2  h−1). The ka value was set to 0.12  h−1 in 
the original model, which was optimized using in vivo data 
for the 1200-mg dose obtained in healthy subjects from a 
different study (PL3397-A-U121). In the final model, a ka 
value of 0.6  h−1 in conjunction with a tlag time of 0.5 h was 
used to recover the observed steady-state Cmax and tmax in the 
clinical study after administration of multiple 400-mg oral 
doses of pexidartinib in subjects with cancer in the fasted 
state. Because of the inter-study variability in the observed 
Cmax of pexidartinib, a ka value of 0.24  h−1 was employed to 
retrieve the observed steady-state Cmax and tmax of pexidarti-
nib in subjects with cancer. A ka value of 0.12  h−1 (as used 
in the original model) was utilized to recover the observed 
Cmax and tmax of pexidartinib in healthy subjects.

2.4.3  Fugut Input

Initial simulations showed that  fugut set to 1 predicted a low 
F value of 0.06, resulting in insignificant under-estimations 
of Cmax and area under the drug plasma concentration–time 
curve (AUC) of pexidartinib following a single-dose admin-
istration of 400 mg. The predicted low F value was due to 
significant gut metabolism mediated by CYP3A4, and the 
default  fugut value of 1 allowed for 100% drug availability 
for gut metabolism. A subsequent simulation indicated that 
 fugut set to a predicted value (0.0038) led to a predicted F 
value of 0.5, improving the prediction of Cmax and AUC 
of pexidartinib. The forecasting of  fugut utilized physchem, 
blood binding, and tissue composition inputs on the basis of 
methods for tissue distribution [4].

2.4.4  Optimization of  fmCYP3A4

The model estimated the contribution of CYP3A to the 
metabolism of pexidartinib  (fmCYP3A4) was 0.45. The 
 fmCYP3A4 of the model was verified against the observed 
DDI effects in the strong CYP3A4 inhibitor (itraconazole) 
and the strong CYP3A/UGT inducer (rifampin) DDI study. 
Thereafter, the model was used to estimate the impact of 
moderate CYP3A4 inhibitors (fluconazole) and moderate 
CYP3A4 inducers (efavirenz) on the pharmacokinetics of 
pexidartinib for drugs that have not been evaluated within 
in vivo DDI studies.

2.4.5  Optimization of CYP Induction Data

The in vitro data showed that pexidartinib is a mechanism-
based inactivator of CYP3A4 with a  Ki (total) of 4.01 μM 
and a kinact of 1.356  h−1. In a human hepatocyte assay, 

pexidartinib was shown to induce CYP3A4. A review of 
the Emax and  EC50 estimates determined in vitro revealed 
significant uncertainty associated with both parameters (i.e., 
wide 95% CI estimated), due to data variability. Hence, a 
sensitivity analysis was performed to determine the optimal 
combination of Emax (range 6–16) and  EC50 (range 0.1–0.3 
µM) estimates, enabling recovery of the observed DDI effect 
on midazolam (data on file). The sensitivity analysis was 
restricted to a narrow range, additional sensitivity analyses 
showed that a wider range of CYP3A4 induction parameters 
(i.e., more potent induction) led to a significant under-esti-
mation of pexidartinib steady-state drug exposures. The Emax 
value was capped at 16 on the basis of (1) the Emax value 
of the most potent inducer, rifampicin, is 16 in the Simcyp 
model and (2) in vitro, the Emax value for pexidartinib is 
lower than those for rifampicin across three donors in the 
in vitro study. Based on the sensitivity analysis, Emax (= 16) 
and  EC50 (= 0.16 µM) were identified.

2.4.6  CYP Enzyme Induction Mechanism

Prediction of drug interactions involving multiple inducers 
for the same enzyme is complex, as multiple inducers may 
affect the same or different transcription factors. The cur-
rent PBPK analysis used the “default” option, which is the 
only option available in Simcyp simulator up to Version 15.1 
(the version in this analysis). The “default” option assumes 
that when multiple inducers are co-administered, the highest 
induction factor of the compounds applied in the enzyme 
induction model is used to predict the net induction effect. 
Two additional options were introduced in Simcyp Version 
16.1, additive and multiplicative options. These two addi-
tional options provide additional flexibility to investigate the 
net effect when multiple inducers are co-administered.

2.4.7  Final Model Parameters

All of the parameters utilized in the model are shown in 
Table 1 of the Electronic Supplementary Material (ESM).

2.4.8  Model Verification

2.4.8.1 Simulation of  Plasma Concentration–Time Profiles 
of Pexidartinib in Patients After Multiple Daily Doses of 400–
1000 mg for 15 Days (Fasted) Verification of the final model 
for pexidartinib focused on daily doses between 400 mg and 
1000 mg because (1) the target dosing regimen is 400 mg 
twice daily (BID) and (2) at lower dose levels there was a 
small number of patients (n = 3) per dose cohort. Simu-
lated and observed plasma concentration–time profiles of 
pexidartinib in patients who received 400 mg, 600 mg, and 
1000 mg (given as split doses of 400 mg/600 mg or 500 
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Table 1  Subject characteristics Parameter Esomeprazole 
study (N = 16)

Itraconazole 
study (N = 16)

Rifampin study
(N = 16)

Probenecid study
(N = 16)

Male, n (%) 15 (93.8) 14 (87.5) 13 (81.3) 9 (56.3)
Race
 White 11 (68.8) 9 (56.3) 6 (37.5) 6 (37.5)
 African  American 5 (31.3) 7 (43.8) 9 (56.3) 10 (62.5)
 Native Hawaiian/other 

Pacific Islander
0 0 1 (6.3%) 0

Mean age, years 41.3 43.3 43.1 39.9
Mean weight, kg 78.4 83.8 80.9 77.4
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Fig. 2  Mean (± standard deviation [SD]) plasma pexidartinib concen-
tration–time profiles by treatment: a, esomeprazole study; b, itracona-
zole study; c, rifampin study; d, probenecid study. Note: Figures on 

the left are presented on a natural scale; figures on the right are pre-
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mg BID) of pexidartinib per day for 15 days are shown 
in Figs. 1, 2, 3a–d, and 4a–d of the ESM. A summary of 
predicted and observed PK parameters for pexidartinib are 
shown in Tables 2–5 of the ESM.

For daily dose levels with a range from 400 to 1000 mg, 
the predicted mean day 15 Cmax and AUC from time 0 to 24 
hours or AUC from time 0 to 6 hours values were within 
0.66-fold to 1.39-fold of the observed data (Tables 2–5 of 
the ESM). The predicted mean day 1 Cmax and AUC from 
time 0 to 24 hours values were within 0.90-fold to 1.23-fold 
of the observed data at the dose level of 400 mg or 600 mg. 
However, there was a significant over-estimation of the day 

1 Cmax and AUC from time 0 to 6 hours values at higher 
doses of 1000 mg.

A separate set of simulations were performed using the 
Sim-Healthy Subjects population. A comparison of the pre-
dicted PK parameters for pexidartinib using the two differ-
ent populations showed that the predicted PK parameters are 
similar across all dose levels. This is expected because the key 
population characteristics considered in the cancer popula-
tion include demographic data, reduced renal function, altered 
plasma binding proteins, and different transporter abundance 
(e.g., OATP1B1/3 and MATE1). Importantly, no change in 
the CYP3A4 activity was incorporated in this population.
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2.4.8.2 Simulation of  Plasma Concentration–Time Profiles 
of Pexidartinib in Healthy Subjects After a Single Dose of 600 
mg With and Without Itraconazole Treatment (Fasted) Sim-
ulations using the final model predicted geometric mean 
AUC ∞ and  Cmax ratios of 1.80 (95% CI 1.75–1.84) and 
1.29 (95% CI 1.27–1.32), respectively, which are consist-
ent with the reported ratios of 1.73 (95% CI 1.58–1.89) and 
1.48 (95% CI 1.24–1.78), respectively, following concurrent 
itraconazole treatment (Table 6 and Fig. 5a–b of the ESM). 
These results are expected because the  fmCYP3A4 value for 
pexidartinib was kept at 45% in the final model, and the 
effect of CYP3A4 induction is minimal after a single dose.

2.4.8.3 Simulations to Impact of Rifampicin on the Phar‑
macokinetics of  Single‑Dose and  Multiple‑Dose Pexidar‑
tinib Mean simulated plasma pexidartinib concentrations 
following a single oral dose of pexidartinib 400 mg in the 
absence of rifampicin, and on the 11th day of 20 days of 
dosing of rifampicin (600 mg once daily [QD]) to subjects 
with cancer are shown in Fig. 6 of the ESM. Mean simu-
lated plasma pexidartinib concentrations following multi-
ple oral doses of 400 mg BID in the absence and presence 
of rifampicin (600 mg QD) to subjects with cancer are 
shown in Fig. 7 of the ESM.
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Fig. 3  Mean (± standard deviation [SD]) plasma ZAAD-1006a concentration–time profiles by treatment: a, esomeprazole study, b, itraconazole 
study, c, rifampin study, d, probenecid study
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The predicted mean  Cmax and AUC ∞ or AUC from 
time 0 to 12 hours values and corresponding geometric 
mean ratios for pexidartinib in the presence and absence 
of rifampicin are shown in Table  7 of the ESM. The 
results indicate that all three induction models were 
able to predict the effect of rifampin on pexidartinib 
pharmacokinetics.

The simulated CYP3A4 activity profiles following 
single or multiple oral doses of pexidartinib (400 mg) 
in the absence and presence of rifampicin 600 mg QD in 
subjects with cancer are shown in Figs. 8a–b and 9a–b 
of the ESM. The hepatic CYP3A4 activity was induced 
up to 630% and 510%, respectively, following single and 
multiple oral doses of pexidartinib, respectively.
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2.4.9  Simulations

Simulations were performed to estimate the effect of a 
moderate CYP3A4 inhibitor (fluconazole) and CYP3A4 
inducer (efavirenz) on the PK parameters of pexidartinib. 
Predictions were based on ten virtual trials of ten subjects 
with cancer (50% female) aged 21–85 years for both flu-
conazole and efavirenz. In the fluconazole simulations, 
each virtual subject received a single 400-mg dose of pex-
idartinib orally on day 8, in the presence and absence of 

fluconazole treatment (400 mg on day 1 and 200 mg QD on 
days 2 through 20). Separate simulations were performed 
to assess the effect of fluconazole on multiple doses of pex-
idartinib 400 mg BID. In the efavirenz simulations, each 
virtual subject received a single 400-mg dose of pexidarti-
nib orally alone and on the 11th day of the 20-day regimen 
with efavirenz (600 mg QD). In the multiple-dose efavirenz 
simulations, each virtual subject received multiple doses 
of pexidartinib 400 mg BID in the presence and absence 
of efavirenz 600 mg given QD for 15 days.
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Cmax

Pexidartinib + Esomeprazole vs Pexidartinib

Pexidartinib + Itraconazole vs Pexidartinib

Pexidartinib + Rifampin vs Pexidartinib

Pexidartinib + Probenacid vs Pexidartinib

a
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Pexidartinib + Itraconazole vs Pexidartinib

Pexidartinib + Rifampin vs Pexidartinib

Pexidartinib + Probenacid vs Pexidartinib

b

Fig. 4  Forest plot (odds ratio) of the effect of a pH modifier (esome-
prazole): a strong cytochrome P450 (CYP) 3A inhibitor (itracona-
zole) and strong CYP3A inducer (rifampin), and a 5′-diphospho-glu-
curonosyltransferase inhibitor (probenecid) and the simulated effects 
of a moderate CYP3A inhibitor (fluconazole) and a moderate CYP3A 

inducer (efavirenz) on the single dose: a, maximum plasma concen-
tration (Cmax); and b, area under the drug plasma concentration–time 
curve from time 0 to infinity (AUC ∞) of pexidartinib presented as 
90% confidence intervals
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3  Results

3.1  Subjects

There were 16 subjects in each study. All 16 subjects 
completed the esomeprazole and rifampin DDI studies. 
Because of adverse events, three subjects discontinued the 
itraconazole DDI study after receiving pexidartinib alone 
and did not continue to receive pexidartinib plus itracona-
zole. One subject discontinued the probenecid DDI study 

because of an AE after receiving probenecid, 15 subjects 
received pexidartinib alone, and 13 subjects received pex-
idartinib with probenecid.

Subject characteristics are summarized in Table 1. 
The subjects were predominantly male in all four stud-
ies (56.3−93.8%), and the mean age ranged from 39.9 
to 43.3 years. Most subjects were white in the esome-
prazole and itraconazole studies, while the majority 
were African American in the rifampin and probenecid 
studies.

Table 2  Summary of plasma pexidartinib and ZAAD-1006a pharmacokinetic parameters

AUC ∞ area under the plasma concentration–time curve from 0 to infinity, Cmax maximum plasma concentration, MW molecular weight, SD 
standard deviation, t½ terminal elimination half-life, tmax time to  Cmax

Pharma-
cokinetic 
parameter

Statistic Esomeprazole Study Itraconazole study Rifampin study Probenecid study

Pexidartinib 
alone

Pexidartinib 
+ esomepra-
zole

Pexidartinib 
alone

Pexidartinib 
+ itracona-
zole

Pexidartinib 
alone

Pexidarti-
nib +
rifampin

Pexidartinib 
alone

Pexidartinib 
+ probene-
cid

Pexidartinib
Cmax, ng/mL n 16 16 16 13 16 16 15 16

Mean
(SD)

6694
(1795)

3123
(1143)

4215
(851)

6650
(2192)

5261
(1939)

3499
(1051)

5377
(1763)

5583
(1844)

tmax, h n 16 16 16 13 16 16 15 16
Median
(range)

3.0
(1.50–4.50)

2.0
(1.50–4.00)

2.5
(1.50–4.50)

2.0
(1.50–4.50)

2.5
(1.50–4.00)

3.0
(1.50–4.50)

2.5
(1.50–4.50)

2.5
(1.50–3.50)

AUC ∞, 
ng•h/mL

n 16 16 16 13 15 16 15 16
Mean
(SD)

107,585
(28,219)

58,054
(17,514)

76,045
(17,211)

139,842
(37,676)

96,697
(28,517)

35,446
(12,046)

77,509
(28,477)

118,899
(27.1)

t½, h n 16 16 16 13 15 16 15 16
Mean
(SD)

25.3
(7.11)

26.7
(8.96)

24.2
(3.71)

28.8
(4.18)

25.4
(4.93)

16.8
(4.21)

21.5
(18.2–42.3)

26.7
(19.5–38.6)

ZAAD-1006a
Cmax, ng/mL n 16 16 16 13 16 16 15 16

Mean
(SD)

5464
(1339)

2593
(827)

3903
(842)

6019
(1435)

4780
(2110)

6574
(2753)

4403
(1331)

4284
(1191)

tmax, h n 16 16 16 13 16 16 15 16
Median
(range)

4.25
(3.00–5.00)

4.25
(2.00–4.50)

4.50
(2.00–5.00)

4.50
(2.50–8.00)

4.50
(2.50–4.50)

4.50
(3.00–8.00)

4.50
(2.50–5.00)

6.98
(3.50–11.9)

AUC ∞, 
ng•h/mL

n 16 16 16 13 16 16 15 16
Mean
(SD)

134,977
(37,097)

71,677
(24,690)

117,211
(29,221)

246,701
(66,704)

131,507
(53,792)

75,577
(37,180)

97,684
(33,889)

208,436
(48,136)

t½, h n 16 16 16 13 16 16 15 16
Mean
(SD)

25.3
(6.92)

26.7
(7.59)

24.0
(4.28)

30.0
(4.11)

26.0
(5.70)

16.1
(4.55)

25.1
(7.28)

28.6
(4.89)

Metabolite-to-parent ratio
Cmax, MW- 

adjusted 
ratio (%)

n 16 16 16 13 16 16 15 16
Mean
(SD)

55.9
(11.3)

60.6
(10.6)

66.2
(13.6)

67.9
(21.4)

64.7
(15.9)

131.9
(36.4)

85.2
(23.4)

79.5
(17.6)

AUC ∞, MW-
adjusted 
ratio (%)

n 16 16 16 13 15 16 15 16
Mean
(SD)

89.0
(14.6)

86.7
(11.6)

109.6
(20.7)

126.3
(25.1)

95.8
(27.1)

149.5
(47.6)

128.4
(31.2)

181.4
(44.6)
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3.2  Pharmacokinetics

The mean plasma concentrations of pexidartinib and ZAAD-
1006a administered alone and with the perpetrator drug in 
all four studies are summarized in Figs. 2 and 3, respectively, 

while Table 2 summarizes pexidartinib and ZAAD-1006a 
PK parameters and ANOVA models when administered 
alone and in combination with perpetrator agents. The mean 
tmax values ranged from 2.0 to 3.0 h for pexidartinib and 
from 4.3 to 7.0 h for ZAAD-1006a.

Table 3  Analysis of variance models of plasma pexidartinib pharmacokinetic parameters

AUC ∞ area under the plasma concentration–time curve from 0 to infinity, CI confidence interval, Cmax maximum plasma concentration, LS least 
square, SD standard deviation

Pharma-
cokinetic 
parameter

Statistic Esomeprazole study Itraconazole study Rifampin study Probenecid study

Pexidartinib 
alone

Pexidartinib 
+ esome-
prazole

Pexidartinib 
alone

Pexidartinib 
+ itracona-
zole

Pexidartinib 
alone

Pexidartinib 
+ rifampin

Pexidartinib 
alone

Pexidartinib 
+ probene-
cid

Cmax, ng/mL n 16 16 13 13 16 16 15 16
Geometric 

LS mean
6431 2917 4255 6308 4924 3304 5034 5324

Geometric 
LS mean 
ratio (%) 
(90% CI)

45.4 (36.8–55.9) 148.3 (127.8–172.0) 67.1 (53.1–84.8) 105.8 (92.4–121.0)

AUC ∞, 
ng•h/mL

n 16 16 13 13 15 15 15 16
Geometric 

LS mean
104,389 55,378 78,240 135,354 91,863 33,977 71,913 114,899

Geometric 
LS mean 
ratio (%) 
(90% CI)

53.1 (47.4–59.3) 173.0 (160.7–186.3) 37.0 (30.6–44.8) 159.8 (143.4–178.0)

Table 4  Analysis of variance models of plasma ZAAD-1006a pharmacokinetic parameters

AUC ∞ area under the plasma concentration–time curve from 0 to infinity, CI confidence interval, Cmax maximum plasma concentration, LS least 
square, SD standard deviation

Pharma-
cokinetic 
parameter

Statistic Esomeprazole study Itraconazole study Rifampin study Probenecid study

Pexidartinib 
alone

Pexidartinib 
+ esome-
prazole

Pexidartinib 
alone

Pexidartinib 
+ itracona-
zole

Pexidartinib 
alone

Pexidartinib 
+ rifampin

Pexidartinib 
alone

Pexidartinib 
+ probene-
cid

Cmax, ng/mL n 16 16 13 13 16 16 15 16
Geometric 

LS mean
5289 2472 3892 5858 4384 5942 4162 4138

Geometric 
LS mean 
ratio (%) 
(90% CI)

46.75 (39.9–54.8) 150.5 (129.3–173.2) 135.5 (108.5–169.4) 99.4 (87.2–113.4)

AUC ∞, 
ng•h/mL

n 16 16 13 13 16 16 15 16
Geometric 

LS mean
130,366 67,646 121,049 238,561 122,014 67,655 90,364 203,649

Geometric 
LS mean 
ratio (%) 
(90% CI)

51.9 (46.5–57.9) 197.1 (179.4–216.5) 55.5 (46.2–66.5) 225.4 (200.0–254.0)
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3.2.1  Esomeprazole (pH Modifier) DDI Study

Based on the ANOVA, Cmax and AUC ∞ for pexidarti-
nib were decreased by approximately 55% (2917 ng/mL 
vs 6431 ng/mL) and 47% (55,378 ng•h/mL vs 104,389 
ng•h/mL), respectively, when pexidartinib was adminis-
tered with esomeprazole (Table 3, Fig. 4a–b). Similarly, 
ZAAD-1006a Cmax and AUC ∞ values were decreased 
by 53% (2472 ng/mL vs 5289 ng/mL) and 48% (67,646 
ng•h/mL vs 130,366 ng•h/mL), respectively, when the 
drug was co-administered with esomeprazole (Table 4). 
However, the mean MPR for Cmax and AUC ∞ were not 
significantly affected by co-administration with esomepra-
zole (Table 3, Fig. 4a, b), indicating in healthy subjects 
with normal hepatic and renal function and not taking any 
metabolism-altering drug, ZAAD-1006a pharmacokinetics 
is formation rate-limited pharmacokinetics.

3.2.2  Itraconazole (Strong CYP3A4 Inhibitor) DDI Study

Concomitant administration of itraconazole increased pex-
idartinib Cmax and AUC ∞ by approximately 48% and 73%, 
respectively (Table 3, Fig. 4a, b). Similarly, Cmax and AUC 
∞ of ZAAD-1006a were approximately 50% (5858 ng/mL vs 
3892 ng/mL) and 97% (238,561 ng•h/mL vs 121,049 ng•h/
mL) higher when pexidartinib was co-administered with 
itraconazole (Table 4). The mean MPR for  Cmax was similar 
for both treatments, while the mean MPR for AUC ∞ was 
slightly increased (approximately 15%) when pexidartinib 
and itraconazole were co-administered (Table 2).

3.2.3  Rifampin (Strong CYP3A Inducer) DDI Study

Concomitant administration of rifampin decreased pex-
idartinib  Cmax and AUC ∞ approximately 33% and 63%, 
respectively (Table 3, Fig. 4a, b). A 36% increase in the 
Cmax (5942 ng/mL vs 4384 ng/mL) and a 45% decrease in 
AUC ∞ (67,655 ng•h/mL vs 122,014 ng•h/mL) of ZAAD-
1006a (Table 4) were observed when pexidartinib was co-
administered with rifampin. The MPRs for Cmax and AUC ∞ 
were increased on co-administration with rifampin (Table 2).

3.2.4  Probenecid (UGT Inhibitor) DDI Study

Pexidartinib AUC ∞ was increased on co-administration with 
probenecid by approximately 60%, although Cmax values 
were unchanged (Table 3, Fig. 4a, b). ZAAD-1006a AUC ∞ 
was also increased by approximately 125% (203,649 ng•h/
mL vs 90,364 ng•h/mL) with co-administration with no dif-
ference for Cmax (4138 ng/mL vs 4162 ng/mL) (Table 4). 
Concomitant administration also increased the MPR for 
AUC ∞ by approximately 42% compared with pexidartinib 
alone (Table 2).

3.2.5  Predicted DDI Risk with Moderate CYP3A Inducers/
Inhibitors Using a PBPK Model

The predicted impact of a moderate CYP3A4 inhibitor and 
inducer on the single-dose and multiple-dose pharmacoki-
netics of pexidartinib is summarized in Table 5 and Fig. 5. 
The moderate CYP3A4 inhibitor, fluconazole, was predicted 

Table 5  Predicted effect of a moderate cytochrome P450 3A4 inhibitor (fluconazole) and an inducer (efavirenz) on single-dose and multiple-
dose pharmacokinetics of pexidartinib using physiologically based pharmacokinetic modeling

AUC 12 area under the plasma concentration–time curve from time 0 to 12 hours, AUC ∞ AUC from time 0 to infinity, BID twice daily, CI confi-
dence interval, Cmax maximum plasma concentration, LS least square, PK pharmacokinetic, SD single dose
a AUC ∞

Pharma-
cokinetic 
parameter

Statistic Fluconazole study Efavirenz study

Pexidartinib 
alone
400 mg SD

Pexidartinib 
400 mg SD 
+ flucona-
zole

Pexidartinib 
alone
400 mg BID

Pexidartinib 
400 mg BID 
+ flucona-
zole

Pexidartinib 
alone
400 mg SD

Pexidartinib 
400 mg 
SD +
efavirenz

Pexidartinib 
alone
400 mg 
BID

Pexidartinib 
400 mg BID 
+
efavirenz

Cmax, ng/mL Geometric 
LS mean

7106 8180 8288 11,426 6106 4558 7521 6046

Geometric 
LS mean 
ratio (%) 
(90% CI)

115 (114–116) 138 (135–140) 75 (72–77) 80 (77–84)

AUC 12, 
ng•h/mL

Geometric 
LS mean

54,378 83,692 43,956 72,541 50,308a 25,794a 42,090 30,173

Geometric 
LS mean 
ratio (%) 
(90% CI)

154 (150–158) 165 (161–169) 51 (48–55) 72 (67–76)
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to increase Cmax and AUC ∞ by 15% (8180 ng/mL vs 7106 
ng/mL) and 54% (83,692 ng•h/mL vs 54,378 ng•h/mL), 
respectively, after single doses, and increase by 38% (11,426 
ng/mL vs 8288 ng/mL) and 65% (72,541 ng•h/mL vs 43,956 
ng•h/mL), respectively, after multiple doses (Table 5). In 
contrast, the model predicted that the moderate CYP3A4 

inducer, efavirenz, would decrease Cmax and AUC ∞ by 25% 
(4558 ng/mL vs 6106 ng/mL) and 49% (25,794 ng•h/mL 
vs 50,308 ng•h/mL), respectively, after single doses, and 
decrease by 20% (6046 ng/mL vs 7521 ng/mL) and 28% 
(30,173 ng•h/mL vs 42,090 ng•h/mL), respectively, after 
multiple doses (Table 5, Fig. 5b).

3.3  Safety

Safety results were generally consistent with the previously 
defined safety profile of pexidartinib. All treatment-emer-
gent adverse events (TEAEs) in the four studies were grade 
1 or 2. In the esomeprazole study, three subjects experienced 
a TEAE, one each during pexidartinib alone, esomeprazole 
alone, and pexidartinib plus esomeprazole. All TEAEs were 
of grade 1 intensity and none of the events (abdominal pain, 
constipation, toothache, musculoskeletal chest pain, head-
ache, oropharyngeal pain) was considered related to study 
drug administration. In the itraconazole study, nine sub-
jects experienced a TEAE with seven assessed as related 
to the study drug (pexidartinib or itraconazole). The most 
reported TEAEs were contact dermatitis and pruritis (n = 3 
each), abdominal pain, constipation, diarrhea, nausea, and 
ventricular tachycardia (n = 2 each). Two subjects receiv-
ing pexidartinib alone discontinued therapy because of ven-
tricular tachycardia. In the rifampin study, a single subject 
experienced a grade 1 TEAE (diarrhea). Eight subjects in 
the probenecid study experienced a TEAE of which four 
were considered study drug related. All events were of mild 
severity except an increase in alanine aminotransferase (n 
= 1) and rash (n = 1), both grade 2, which were related to 
pexidartinib and probenecid, respectively. There was one 
discontinuation because of rash, determined to be related 
to probenecid.

4  Discussion

The current studies were designed to evaluate the in vivo 
drug interaction potential when pexidartinib is administered 
as a single dose (600 mg) in healthy subjects with a pH 
modifier, esomeprazole, and strong inhibitors/inducers of 
CYP3A4 and UGT (itraconazole, rifampin, probenecid). 
Additionally, a PBPK model was developed that allows the 
ability to predict the effect of other agents that have CYP3A4 
inhibition/induction potential. The PBPK model was utilized 
to predict the effect of a moderate CYP3A4 inhibitor (flu-
conazole) and an inducer (efavirenz) on pexidartinib phar-
macokinetics. The overall outcome of the DDI assessment 
is presented in Table 5. Pexidartinib dose reduction is rec-
ommended when co-administered with moderate and strong 
CYP3A and UGT inhibitors. Concurrent administration of 
pexidartinib with strong CYP3A inducers and proton pump 
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Fig. 5  Simulated mean plasma concentration–time profiles of pex-
idartinib: a, multiple oral doses of pexidartinib (400 mg twice daily) 
in the absence of (solid black line) and presence (dashed black line) 
of fluconazole 200 mg once daily (400 mg on day 1) in subjects with 
cancer using the original model; b, single oral dose of pexidartinib 
(400 mg) in the absence of (solid black line) efavirenz and on the 
eighth day of 20 days of dosing of efavirenz (dashed black line) 600 
mg daily in subjects with cancer using the final model
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inhibitors have been recommended to be avoided. The cur-
rent recommendation of pexidartinib dosing with strong and 
moderate CYP3A4 inhibitors and inducers and UGT inhibi-
tors and pH modifiers are based on the study results and 
PBPK modeling reported in the article.

The effect of esomeprazole on the pharmacokinetics of 
pexidartinib was evaluated because the solubility of pexidar-
tinib decreases as pH increases, suggesting that alterations 
in gastrointestinal pH may influence drug absorption and, 
therefore, bioavailability of pexidartinib. The esomepra-
zole study showed that AUC ∞ values of pexidartinib and 
ZAAD-1006a were decreased by approximately 47% each 
with no change in the MPR [1]. ZAAD-1006a has forma-
tion rate-limited pharmacokinetics in healthy subjects with 
normal hepatic and renal function, indicating its exposure is 
limited by the formation of ZAAD-1006 from pexidartinib 
and not by the elimination of ZAAD-1006a. Therefore, the 
decreased exposure of ZAAD-1006a with no change in the 
MPR when administered with esomeprazole indicates that 
the observed decrease in ZAAD-1006a exposure is due to 
the reduced bioavailability of pexidartinib and is not driven 
by increased elimination of ZAAD-1006a. Additionally, an 
exposure–response analysis showed that efficacy is related 
to exposure [5]. Therefore, as lower exposure may lead to 
lower efficacy, it is recommended to avoid the concomitant 
use of proton pump inhibitors while taking pexidartinib. If 
acid reduction is required, pexidartinib can be administered 
2 h before or after locally acting antacids or 2 h prior or 10 h 
after histamine-2 receptor antagonists. This recommendation 
was developed to ensure that pexidartinib is administered in 
a time window during which there is no to minimum eleva-
tion of gastric pH following administration of the antacids 
and histamine-2 receptor antagonists [1].

Itraconazole, rifampin, and probenecid were selected in 
the metabolism-based DDI evaluation because these three 
drugs are the US Food and Drug Administration-recom-
mended and commonly used probe drugs of a strong CYP3A 
inhibitor, CYP3A inducer, and UGT inhibitor, respectively, 
in a clinical DDI study setting [6–10]. Such strong index 
perpetrators are used to create worst-case scenarios where 
the results can be used to extrapolate the findings to con-
comitant medications sharing the same DDI potential. Addi-
tionally, a PBPK model was developed using the data from 
the clinical DDI studies along with data from other clinical 
PK studies. The PBPK model was then used to predict the 
effect of a moderate CYP3A4 inhibitor (fluconazole) and a 
moderate CYP3A4 inducer (efavirenz) on the pharmacoki-
netics of pexidartinib. Consistent with the knowledge that 
CYP3A4 is the main enzyme responsible for pexidartinib 
metabolism, the results of the current studies indicated that 
the exposure of pexidartinib (as measured by AUC ∞) was 
increased 73% by a strong CYP3A4 inhibitor and decreased 
63% by a strong CYP3A inducer. The inhibition of CYP3A4 

by itraconazole also resulted in a greater production of the 
glucuronide conjugate (i.e., ZAAD-1006a) with AUC ∞ val-
ues increased by 97% compared with when pexidartinib is 
administered alone. This reflects a greater role of UGT in 
the metabolism when a CYP3A4 inhibitor is present. As 
expected, co-administration of pexidartinib with the strong 
CYP3A/UGT inducer rifampin resulted in decreased expo-
sure to pexidartinib (i.e., AUC ∞ decreased 63%) [8]. The 
enzyme induction also resulted in an increase in ZAAD-
1006a exposure and MPR. This is consistent with increased 
metabolism of pexidartinib via the UGT pathway in the pres-
ence of an inducer, rifampin. Results from the PBPK model 
predicting the effect of a moderate CYP3A4 inhibitor and 
a moderate inducer suggest that pexidartinib exposure was 
impacted to a lesser degree compared with when pexidarti-
nib was co-administered with strong CYP3A inducer/inhibi-
tors. The moderate CYP3A4 inhibitor fluconazole is pre-
dicted to modestly increase single-dose and multiple-dose 
exposure of pexidartinib (54% and 65%, respectively), while 
the moderate CYP3A4 inducer efavirenz modestly decreased 
single-dose and multiple-dose exposure of pexidartinib (49% 
and 28%, respectively).

Probenecid, a general inhibitor of a variety of UGT 
isozymes, which is responsible for glucuronidation reac-
tions [7], also inhibits organic anion transporter (OAT) 
1 and OAT3 [6]. While pexidartinib undergoes glucuro-
nidation, in vitro data suggest that it is not a substrate 
for OAT1. ZAAD-1006a is generated by UGT, and it is 
a substrate of OAT [11]. Therefore, it is possible that 
OAT inhibition by probenecid may lead to a decrease in 
renal elimination of ZAAD-1006a and therefore, pos-
sibly increase ZAAD-1006a exposure. In this study, the 
observed 60% increase in pexidartinib exposure on co-
administration with probenecid is consistent with the 
fact that pexidartinib is a substrate of UGT. In addition, 
the extent of increase in ZAAD-1006a exposure (more 
than two-fold) was higher than the observed increase in 
pexidartinib exposure (60%), resulting in a 42% higher 
MPR (based on AUC) when pexidartinib was co-admin-
istered with probenecid. This relatively higher extent of 
increase in ZAAD-1006a exposure could possibly be due 
to decreased renal elimination of ZAAD-1006a via OATs 
in the kidneys in the presence of probenecid. Previously, 
it was reported that co-administration with probenecid in 
healthy subjects resulted in an approximately 50% increase 
in olmesartan AUC [12].

Based on the findings of these CYP3A inhibitor/inducer 
and UGT inhibitor studies, it is recommended to avoid con-
comitant use of pexidartinib with strong CYP3A inducers 
as the reduced exposure may lead to suboptimal clinical 
benefit [1]. Mild and moderate CYP3A inducers may be co-
administered with pexidartinib because a predicted decrease 
in pexidartinib exposure when administered with moderate 
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CYP3A/UGT inducers is less than the variability in expo-
sure following multiple doses of pexidartinib. To avoid 
potential increased adverse events associated with higher 
exposure, a reduced dose is recommended when pexidartinib 
is administered with moderate or strong CYP3A4 inhibi-
tors, or UGT inhibitors. Pexidartinib pharmacokinetics is 
dose proportional, and currently pexidartinib is available 
only at a dose strength of 200 mg/capsule. Therefore, for 
the planned total daily pexidartinib doses of 800 mg and 
400 mg, a reduced dose of 400 mg and 200 mg, respectively, 
has been recommended when co-administered with strong 
and moderate CYP3A4 inhibitors. For those with a planned 
daily dose of 600 mg, the dose should be reduced to 400 mg/
day [1]. If concomitant use of a moderate or strong CYP3A 
inhibitor or UGT inhibitor is discontinued, the pexidartinib 
dose should be increased to the dose that was used before 
starting the inhibitor after three half-lives of the inhibitor.

The dosing recommendations when co-administered with 
moderate CYP3A inhibitors and inducers are based on the 
PBPK modeling, suggesting that an optimally defined PBPK 
model can be used to assess the CYP3A-based DDI potential 
of a molecule without performing specific clinical DDI studies. 
This model-based DDI risk assessment reduces the exposure 
of healthy subjects to the investigational agents and other drugs 
and reduces resource requirements, including the cost and time 
of drug development. In recent years, this methodology has 
been used to assess the DDI risk for multiple drugs [13].

5  Conclusions

The pharmacokinetics of pexidartinib is significantly altered 
by pH modifiers, CYP3A4 inhibitors, CYP3A inducers, and 
UGT inhibitors. The results of these studies offer guidance 
for clinicians on how to safely administer such agents in 
combination with pexidartinib.
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