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Abstract
Background and Objective Gilteritinib is a novel, highly selective tyrosine kinase inhibitor approved in the USA, Canada, 
Europe, Brazil, Korea, and Japan for the treatment of FLT3 mutation-positive acute myeloid leukemia. This article describes 
the clinical pharmacokinetic profile of gilteritinib.
Methods The pharmacokinetic profile of gilteritinib was assessed from five clinical studies.
Results Dose-proportional pharmacokinetics was observed following once-daily gilteritinib administration (dose range 
20–450 mg). Median maximum concentration was reached 2–6 h following single and repeat dosing of gilteritinib; mean 
elimination half-life was 113 h. Elimination was primarily via feces. Exposure to gilteritinib was comparable under fasted 
and fed conditions. Gilteritinib is primarily metabolized via cytochrome P450 (CYP) 3A4; coadministration of gilteritinib 
with itraconazole (a strong P-glycoprotein inhibitor and CYP3A4 inhibitor) or rifampicin (a strong P-glycoprotein inducer 
and CYP3A inducer) significantly affected the gilteritinib pharmacokinetic profile. No clinically relevant interactions were 
observed when gilteritinib was coadministered with midazolam (a CYP3A4 substrate) or cephalexin (a multidrug and toxin 
extrusion 1 substrate). Unbound gilteritinib exposure was similar between subjects with hepatic impairment and normal 
hepatic function.
Conclusions Gilteritinib exhibits a dose-proportional pharmacokinetic profile in healthy subjects and in patients with 
relapsed/refractory acute myeloid leukemia. Gilteritinib exposure is not significantly affected by food. Moderate-to-strong 
CYP3A inhibitors demonstrated a significant effect on gilteritinib exposure. Coadministration of gilteritinib with CYP3A4 
or multidrug and toxin extrusion 1 substrates did not impact substrate concentrations. Unbound gilteritinib was comparable 
between subjects with hepatic impairment and normal hepatic function; dose adjustment is not warranted for patients with 
hepatic impairment.
Clinical Trial Registration NCT02014558, NCT02456883, NCT02571816.

1 Introduction

Over 90% of leukemia cases are diagnosed in adults 20 years 
of age and older, among whom the most common types are 
chronic lymphocytic leukemia (37%) and acute myeloid leu-
kemia (AML; 32%). [1] It was estimated that 19,520 patients 

(10,380 men and 9140 women) would be diagnosed with 
AML and 10,670 would die of the disease in 2018 in the 
USA [1].

FLT3, a member of the class III receptor tyrosine kinase 
family, and its ligand play an important role in the prolif-
eration, survival, and differentiation of multipotent stem 
cells. FLT3 is over expressed in the majority of AML cases. 
Activated FLT3 with internal tandem duplications (FLT3-
ITD) in and around the juxtamembrane domain, and tyros-
ine kinase domain mutations at the aspartic acid residue 
at position 835 (D835), lead to constitutive activation of 
FLT3. FLT3-ITD and D835 oncogenic mutations occur in 
approximately 28–34% and 11–14% of patients with AML, 
respectively, and are associated with a high rate of relapse 
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and a shortened duration of survival [2]. The receptor tyros-
ine kinase, AXL, also has transformational properties and is 
involved in the activation of FLT3 [3, 4]. Inhibition of AXL 
prevents its interaction with FLT3, which in turn blocks the 
proliferation of FLT3-mutant and FLT3-wild-type AML 
cells [3, 4]. In vivo inhibition of AXL was shown to sup-
press the leukemic burden of FLT3-ITD-positive AML in 
subcutaneous xenograft and leukemia engraftment mouse 
models [4].

Effective therapies that target FLT3 have been a focus 
of AML drug development for many years. First-gen-
eration FLT3 inhibitors are multi-kinase inhibitors that 
demonstrate limited efficacy when administered as sin-
gle agents; second-generation FLT3 inhibitors are more 
specific and display greater potency than first-generation 
FLT3 inhibitors. Among the emerging second-genera-
tion FLT3 inhibitors, quizartinib, a FLT3/c-Kit/platelet-
derived growth factor receptor inhibitor, displayed anti-
tumor effects in AML cell lines and antileukemic activity 
in patients with relapsed/refractory (R/R) AML [5–7]. 
However, sensitivity to kinase inhibition varied accord-
ing to the expressed mutant kinase isoform, with FLT3-
TKD D835V and c-KIT D816 mutant cell lines being far 
less sensitive to quizartinib [6]. Furthermore, with c-Kit 
being essential for normal hematopoiesis, simultaneous 
potent inhibition of FLT3 and c-Kit likely contributed to 
the myelosuppression observed in patients treated with 
quizartinib [8, 9].

Gilteritinib (previously known as ASP2215) is a novel, 
second-generation, small-molecule, oral FLT3 inhibitor 
recently approved in USA, Canada, Europe, Brazil, Korea, 
and Japan for the treatment of patients with relapsed or 
refractory FLT3 mutation-positive R/R AML. Addition-
ally, in October 2019, the European Commission approved 
gilteritinib as a single agent for the treatment of patients with 
FLT3 mutation-positive R/R AML. Gilteritinib was discov-
ered by Astellas Pharma, Inc. in collaboration with Kotobuki 
Pharmaceutical Co., Ltd. Preclinical evaluations of gilteri-
tinib showed that it was highly selective for FLT3 with weak 
activity against c-Kit [10]. Gilteritinib demonstrated highly 
specific potent inhibition of FLT3 receptors with ITD and 
D835 mutations and weak activity against FLT3 receptors 
expressing the F691L gatekeeper mutation [10, 11].

In vivo, gilteritinib inhibited tumor growth and induced 
tumor regression in mice xenografted with MV4-11 AML 
cells [10]. A phase I/II dose-escalation/-expansion study 
(CHRYSALIS study; NCT02014558) evaluated the safety/
tolerability, pharmacokinetic (PK), and antileukemic activity 
of once-daily (QD) gilteritinib as a single agent at doses of 
20–450 mg in patients with R/R AML [12]. Gilteritinib was 
well tolerated with a maximum tolerated dose of 300 mg/
day. Potent FLT3 inhibition and dose-proportional PK were 
observed across all doses [12]. Doses of ≥ 80 mg/day were 
associated with maximum (> 90%) FLT3 inhibition as well 
as an overall response rate of 52% and a median overall 
survival duration of 31 weeks [12].

As clinical evidence regarding gilteritinib therapy con-
tinues to accrue, the PK profile, drug interactions, effects of 
food, and hepatic impairment have been investigated in sev-
eral phase I clinical studies. Presented here is an overview 
of the PK profile of gilteritinib in healthy subjects, patients 
with AML, and other special populations.

2  Methods

2.1  Study Populations

The PK profile of gilteritinib was assessed across five clini-
cal studies (Table 1), including a phase I dose-escalation/-
expansion CHRYSALIS study (NCT02014558) in patients 
with R/R AML (n = 252) [12]. In a separate study, gilteri-
tinib absorption, metabolism, and excretion were assessed 
in patients with advanced solid tumors (n = 6). Three studies 
assessed the clinical PK of gilteritinib in healthy subjects 
(n = 121) and one study assessed the clinical PK of gilteri-
tinib in subjects with impaired hepatic function (n = 16). All 
studies were conducted in accordance with the Declaration 
of Helsinki and with the approval of the appropriate local 
ethics committees. Informed consent was obtained from all 
subjects before study entry.

Key Points 

Dose-proportional pharmacokinetics was observed fol-
lowing once-daily gilteritinib administration (dose range 
20–450 mg).

Gilteritinib concentrations peaked at 2–6 h following 
single and repeat dosing between 20 and 450 mg and 
exposure when administered 40 mg was comparable 
under fasted and fed conditions.

Coadministration of gilteritinib with itraconazole (a 
strong P-glycoprotein inhibitor and cytochrome P450 
[CYP] 3A4 inhibitor) or rifampicin (a strong P-glycopro-
tein inducer and CYP3A inducer) significantly impacted 
the gilteritinib pharmacokinetic profile; CYP3A4 or mul-
tidrug and toxin extrusion 1 substrates did not present 
clinically relevant drug–drug interactions when coad-
ministered with gilteritinib.

Unbound gilteritinib was comparable between subjects 
with hepatic impairment and normal hepatic function, 
thus dose adjustments are not warranted in patients with 
hepatic impairment.
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2.2  Study Designs

2.2.1  CHRYSALIS Study

In this phase I/II study, a total of 252 patients received 
gilteritinib in one of seven dose cohorts (20–450 mg; n = 23, 
dose escalation; n = 229, dose expansion). As a secondary 
objective, CHRYSALIS characterized single- and multiple-
dose PK profiles of gilteritinib in patients with R/R AML as 
well as assessed potential drug–drug interactions (DDIs) of 
gilteritinib with concomitant cytochrome P450 (CYP) 3A 
inhibitors (e.g., voriconazole, posaconazole, and flucona-
zole) and CYP3A4 and multidrug and toxin extrusion 1 
(MATE1) substrates (e.g., midazolam and cephalexin).

For single- and multiple-dose evaluations, full PK pro-
files for gilteritinib were collected from 23 and 19 patients, 
respectively. For single-dose evaluation, patients received an 
initial oral gilteritinib dose followed by a 48-h observation 
and PK analysis period (Day-2); blood samples were drawn 
prior to dose (0 h) and at 30 min, and 1, 2, 4, 6, 24, and 48 h 
post-dose.

Once-daily administration of gilteritinib began following 
the 48-h observation period used in the single-dose evalua-
tion (Cycle 1 Day 1, 28-day cycles). Multiple-dose PK was 
investigated on day 15; blood samples were drawn on Cycle 
1 Day 15 prior to dose (0 h) and at 30 min, and 1, 4, 6, and 
24 h post-dose. In addition, blood samples were collected 
from all enrolled subjects in the dose-escalation and dose-
expansion cohorts prior to dose (0 h) and at 2 h post-dose on 
Cycle 1 Day 1, Cycle 1 Day 8, on Cycle 1 Day 22, and prior 
to dose on Day 1 of each cycle starting at Cycle 2. Dose pro-
portionality was assessed using the power model on the area 
under the concentration–time curve from time of dosing to 
24 h post-dose (AUC 24) and maximum plasma concentration 
(Cmax) after a single dose (Day-2) and after multiple dosing 
(Day 15). Steady state was determined by visual inspection 
of gilteritinib median trough concentration (Ctrough) from 
Day-2 through Cycle 5 Day 1 (excluding concentration data 
for patients with dose modifications during this timeframe).

To assess the drug–drug potential of gilteritinib in 
patients with AML, gilteritinib trough concentration (Ctrough) 
data collected for all 252 patients in the CHRYSALIS study 
were categorized by use of concomitant medications that 
were CYP3A4 inhibitors: no CYP3A4 inhibitor, moderate 
CYP3A4 inhibitor, and strong CYP3A4 inhibitor. The poten-
tial inhibitory effects of gilteritinib on the PK profile of a 
CYP3A4 substrate (midazolam) were assessed in a small 
cohort of 16 patients with R/R AML. Patients received 
daily doses of gilteritinib 300 mg starting on Cycle 1 Day 
1 and a single oral dose of midazolam (2 mg) was admin-
istered on Day-1 and Cycle 1 Day 15. Additionally, a small 
substudy was conducted within the larger CHRYSALIS 
study to assess the effect of gilteritinib on the PK profile of 

cephalexin, a MATE1 substrate. In this cohort, 20 patients 
received 200-mg daily doses of gilteritinib starting on Cycle 
1 Day 1 and a single 500-mg dose of cephalexin adminis-
tered on Cycle 1 Day-1 and Cycle 1 Day 15.

2.2.2  Mass Balance and Biotransformation Study

In this phase I open-label study, patients (n = 6) with 
advanced solid tumors received QD gilteritinib 120 mg for 
2 weeks. On study Day 15, patients received a single-dose 
of gilteritinib 120 mg (100 μCi  [14C]-gilteritinib [1.84 or 
1.68 mg/100 μCi]) in solution. On study Days 16 through 
47, patients again received gilteritinib 120 mg QD. Blood, 
plasma, urine, and feces samples were collected through Day 
47 for absorption, metabolism, and excretion assessments. 
The metabolic pathway for gilteritinib is postulated based 
on results from in vitro (liver microsomes and hepatocytes) 
and in vivo metabolic profiling studies as well as in vitro 
CYP identification studies using recombinant human CYP-
expressing microsomes.

2.2.3  Hepatic Impairment Study

A phase I, open-label, three-arm study was conducted to 
determine the effects of mild and moderate hepatic impair-
ment on the PK profile of gilteritinib. A total of 24 subjects 
were enrolled: subjects each with mild (n = 8) and moderate 
(n = 8) hepatic impairment, and subjects with normal hepatic 
function (n = 8). The eight healthy subjects with normal 
hepatic function were approximately matched to subjects 
with hepatic impairment with respect to age, sex, and body 
mass index. Hepatic function was categorized using the 
Child–Pugh classification system with Class A (5–6 points) 
or Class B (7–9 points) representing mild or moderate sever-
ity, respectively.

Each subject received a single oral dose of gilteritinib 
(10 mg) administered under fasted conditions. Intensive 
blood sampling was conducted at pre-dose on Day 1 through 
Day 21 post-dose to assess the plasma pharmacokinetics 
of gilteritinib. Linear regression was used to analyze the 
relationship between indices of subjects’ hepatic function 
(baseline serum albumin concentration, prothrombin time, 
and Child–Pugh score) and gilteritinib PK parameters (area 
under the concentration–time curve from the time of dos-
ing extrapolated to time infinity [AUC inf] and Cmax) for the 
unbound drug. Estimates (slope and intercept) and their cor-
responding 90% confidence intervals (CIs) are provided for 
each hepatic function group. An analysis of covariance with 
hepatic impairment group as a factor and sex as covariate 
was performed. The parameters of interest were the log-
transformed AUC inf, area under the concentration–time 
curve from the time of dosing to 480 h post-dose, and Cmax. 
The least-squares mean (LSM) of the primary parameters for 
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each impairment group was estimated and the 90% CI was 
constructed around the difference between the LSM of each 
impairment group and the normal hepatic function group. 
Both the difference between the LSM and the 90% CIs were 
back transformed to the original scale and expressed as 
percentages.

2.2.4  Cytochrome P450 3A4 Drug–Drug Interaction Study

In a phase I DDI study, 81 healthy subjects were randomly 
assigned 1:1:1:1 to one of four cohorts: Cohort 1: gilteritinib 
10 mg alone on Day 1 (n = 21); Cohort 2: gilteritinib 10 mg 
(Day 6) plus itraconazole (a strong CYP3A4 and P-glycopro-
tein [P-gp] inhibitor) administered 200 mg twice daily (Day 
1) and 200 mg QD (Days 2–28) [n = 20]; Cohort 3: gilteri-
tinib 10 mg (Day 6) plus fluconazole (a moderate CYP3A4 
inhibitor) administered 400 mg (Day 1) and 200 mg twice 
daily (Days 2–28) [n = 20]; Cohort 4: gilteritinib 20 mg 
(Day 8) plus rifampicin (a strong CYP3A4 inducer) 600 mg 
(Days 1–21) [n = 20]. Plasma samples were collected for up 
to 24 days after dosing with gilteritinib in Cohort 1, 29 days 
after gilteritinib dosing in Cohorts 2 and 3, and 22 days after 
gilteritinib dosing in Cohort 4. In Cohorts 2 and 3, plasma 
samples were also collected prior to the daily dose of itra-
conazole or fluconazole, respectively, on Days 7, 10, 13, 15, 
and 22, and 24 h post-dose on Day 29. In Cohort 4, plasma 
samples were collected prior to the daily dose of rifampicin 
on Days 8, 10, 13, and 15, and 24 h post-dose on Day 22.

To assess the DDI potential of gilteritinib, 90% CIs esti-
mated for the geometric LSM (GLSM) ratios were used: 
itraconazole (combination/gilteritinib alone), fluconazole 
(combination/gilteritinib alone), and rifampicin (combi-
nation/gilteritinib alone) to assess each drug’s effect on 
the PK profile of gilteritinib, or midazolam (combination/
midazolam alone) and cephalexin (combination/cephalexin 
alone) to assess the effect of gilteritinib on their PK profiles. 
To assess the DDI potential of gilteritinib, a mixed-effects 
model was fitted on natural logarithm-transformed Cmax, area 
under the concentration–time curve from the time of dosing 
to the last measurable concentration (AUC last), and AUC inf, 
with treatment as the fixed effect and subject as a random 
effect; for each PK parameter, a 90% CI was constructed for 
the GLSM ratio of gilteritinib plus itraconazole, fluconazole, 
or rifampicin (test) to gilteritinib alone (reference).

2.2.5  Effect of Food Study

A phase I, open-label, randomized, single-dose, parallel-
design, food-effect study was performed in healthy sub-
jects. A total of 32 subjects were randomized (1:1) to receive 
40 mg of gilteritinib following an overnight fast of at least 
10 h or were administered the standard US Food and Drug 
Administration high-fat, high-calorie breakfast. Blood 

samples were collected pre-dose (0 h) and post-dose through 
Day 23; intensive sampling was conducted on Day 1. To 
assess the effect of food on the PK profile of gilteritinib, an 
analysis of variance model with fixed effects for treatment 
(fed or fasted) was fitted on natural logarithm-transformed 
 Cmax, AUC last, area under the concentration–time curve 
from the time of dosing to 72 h post-dose (AUC 72), and  
AUC inf. Within the analysis of variance, the LSM differences 
between fed and fasted, along with 90% CI on the differ-
ences, were estimated. The LSM for Cmax, AUC last, AUC 72, 
and AUC inf were back transformed to produce the GLSM 
and presented with the number of subjects for each treat-
ment. The GLSM ratio and its corresponding 90% CIs for 
each PK parameter are presented by back transforming and 
are expressed as percentages.

2.3  Bioanalytical Methods

Plasma samples were collected for PK evaluations and ana-
lyzed with validated bioanalytical methods based on high-
performance liquid chromatography with tandem mass 
spectrometry using an internal standard. The calibration 
range of the analytical method for both plasma and urine 
is 0.1–50 ng/mL or 10–5000 ng/mL, and 0.5–250 ng/mL, 
respectively.

Itraconazole and its major metabolite, 2-hydroxyitracona-
zole, as well as fluconazole and rifampicin plasma concen-
trations, were assayed using validated high-performance 
liquid chromatography with tandem mass spectrometry 
methods. The calibration range was 0.500–500 ng/mL for 
itraconazole and 2-hydroxyconazole, 20–10,000 ng/mL for 
fluconazole, and 100–10,000 ng/mL for rifampicin. Qual-
ity control samples to evaluate the accuracy and precision 
of a ten-fold dilution for itraconazole and a two-fold dilu-
tion for fluconazole were also included in the assay devel-
opment. No quality control dilution samples were used for 
rifampicin. The predominant circulating plasma metabolites 
(AS3397391 [M17], AS3322943 [M16], and AS2651096 
[M10]) were quantitated using a validated liquid chromatog-
raphy with a tandem mass spectrometry assay method with 
a lower limit of quantification of 0.5 ng/mL, respectively.

2.4  Pharmacokinetic Analysis

Pharmacokinetic parameters were estimated by noncompart-
mental analyses using Phoenix WinNonlin (version 6.3 or 
higher). The estimated PK parameters included Cmax, time to 
Cmax (Tmax), pre-dose plasma concentration, area under the 
concentration–time curve from time zero to infinity, termi-
nal half-life (t1/2), apparent clearance, and apparent volume 
of distribution. Apparent clearance and apparent volume of 
distribution were calculated using a population PK analy-
sis; results of this analysis will be reported in a manuscript 
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that is currently under development. Dose proportionality 
was assessed by the power model involving regression of 
the logarithmically transformed area under the concentra-
tion–time curve from time zero to infinity vs dose.

3  Results

3.1  Study Participants

Demographics and baseline characteristics of healthy sub-
jects and patients with advanced solid tumors or R/R AML 
are detailed in Table 2.

3.2  Dose‑Escalation/Dose‑Expansion Study 
(CHRYSALIS)

Gilteritinib exhibited dose-proportional pharmacokinet-
ics in patients with R/R AML at doses from 20 to 450 mg 
administered QD (Fig. 1, Fig. 1 and Table 1 of the Electronic 
Supplementary Material [ESM]). Following oral administra-
tion of gilteritinib, peak gilteritinib concentrations (Cmax) 
were observed between 2 and 6 h following single and repeat 
dosing; t1/2 and Tmax did not appear to be dose dependent. 
Steady state appears to be achieved by Day 15 based on 
gilteritinib Ctrough (Fig. 2). At 120 mg, the recommended 
phase II dose, the median Cmax and AUC 24 were 282 ng/mL 
and 6180 ng·h/mL, respectively, after multiple-dose admin-
istration. The estimated  t1/2 was from 45 to 159 h and up 
to ten-fold accumulation based on the accumulation index 
(Table 3).

At doses of ≥ 80 mg, gilteritinib steady-state Ctrough was 
associated with greater therapeutic effect. Composite com-
plete response, defined as the sum of patients achieving com-
plete response, complete response with incomplete hema-
tological recovery, or complete response with incomplete 
platelet recovery occurred more commonly in patients with 
gilteritinib steady-state Ctrough ≥ 100 ng/mL (Fig. 3), which 
can be achieved at QD gilteritinib doses of 80 mg or greater.

The effects of CYP3A4 inhibitors were also assessed in 
patients with R/R AML in the CHRYSALIS study. Dose-
normalized gilteritinib Ctrough from patients are summarized 
in Fig. 2. Although the data indicate a trend of increasing 
gilteritinib exposure when gilteritinib was administered with 
a moderate or strong CYP3A4 inhibitor relative to patients 
who do not use a CYP3A4 inhibitor, the observed increase is 
less than two-fold. This magnitude of increased exposure is 
not considered clinically significant and suggests gilteritinib 
is moderately sensitive to CYP3A4 inhibition.

Within the CHRYSALIS study, the potential inhibitory 
effects of gilteritinib on the PK of a CYP3A4 substrate 
(midazolam) was assessed in a small cohort of 16 patients 
with R/R AML. Gilteritinib was administered QD starting Ta
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on Day 1 of Cycle 1. Relative to administration of mida-
zolam alone, coadministration of gilteritinib with midazolam 
resulted in a 10% increase (not significant) in midazolam 
Cmax and AUC 24 (Fig. 4, Table 4). Both Cmax and AUC 24 
of the major midazolam metabolite, 1-hydroxymidazolam, 

were also increased by approximately 23% and 50%, 
respectively.

In a substudy of 20 patients, coadministration of gilteri-
tinib with cephalexin did not result in markedly different 
cephalexin exposure or urinary excretion compared to that 
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observed after administration of cephalexin alone, as evi-
denced by GLSM ratios: 91.5% for Cmax, 94.0% for AUC inf,  
97.7% for AUC last, and 82.8% for renal clearance (Fig. 5, 
Table 5). These findings suggest that coadministration of 
gilteritinib with a MATE1 substrate is not expected to result 
in a clinically relevant DDI.

3.3  Mass Balance and Biotransformation Study

Of the six enrolled patients, four patients were evaluable 
for mass balance and characterization of gilteritinib and 
 [14C]-radioactivity PK and five patients were evaluable for 
metabolite profiling. One patient was non-evaluable for mass 

Table 3  Gilteritinib pharmacokinetic parameters after single (Day-2) and multiple administrations (Day 15), CHRYSALIS

AUC 24 area under the concentration–time curve from time of dosing to 24  h post-dose, Cmax maximum plasma concentration, Ctrough trough 
concentration, NC not calculated, Rac accumulation ratio, SD standard deviation, t½ elimination ratio (calculated from  Rac), Tmax time to reach 
maximum concentration
a n = 2 for AUC 24
b n = 3 for AUC 24, t½, and Rac
c n = 2 for AUC 24, t½, and Rac

Single dose

Parameter 20 mg (n = 5) 40 mg (n = 3) 80 mg (n = 3) 120 mg (n = 3) 200 mg (n = 3) 300 mg (n = 3) 450 mg (n = 3)a

Cmax (ng/mL)
 Mean (SD) 28.1 (21.5) 25.0 (14.6) 75.3 (25.2) 137 (94.4) 168 (45.3) 204 (136) 208 (51.8)

Median (range) 23.7 (7.5–64.5) 16.99 (16.3–
41.8)

71.5 (52.2–102) 85.7 (78.9–246) 149 (136–220) 137 (115–361) 216 (152–255)

AUC 24 (ng·h/mL)
 Mean (SD) 302 (207) 360 (223.5) 1216 (473) 2480 (1972) 3022 (844) 4163 (3178) 3324 (221.1)
 Median 

(range)
262 (98.5–642) 315 (163–603) 995 (895–1759) 1393 (1291–

4756)
2538 (2533–

3997)
2446 (2214–

7830)
3324 (3168–

3480)
Tmax (h)
 Median 

(range)
2.0 (0.50–4.0) 5.98 (3.97–24.0) 4.0 (4.0–4.1) 2.1 (2.0–3.8) 5.2 (4.0–5.97) 6.1 (4.1–24.1) 5.8 (4.1–5.92)

Multiple dosing

Parameter 20 mg (n = 4)b 40 mg (n = 3)c 80 mg (n = 3) 120 mg (n = 3) 200 mg (n = 2) 300 mg (n = 3) 450 mg (n = 1)

Cmax (ng/mL)
 Mean (SD) 64.6 (48.8) 108 (31.92) 376 (150.5) 374 (190) 1462 (815) 1525 (665) 1528
 Median 

(range)
45.6 (30.5–137) 106 (76.7–140) 396.3 (217–516) 282 (248–593) 1462 (886–

2038)
1257 (1036–

2282)
AUC 24 (ng∙h/mL)
 Mean (SD) 1299 (1006) 2482 (33.3) 6958 (3273) 6943 (3221) 31,428 (21,412) 31,005 (10,068) 34,768
 Median 

(range)
917.0 (540–

2440)
2482 (2458–

2505)
6234 (4108–

10,532)
6180 (4171–

10,477)
31,428 (16,288–

46,568)
28,711 (22,282–

42,022)
Tmax (h)
 Median 

(range)
4.0 (4.0–6.0) 3.9 (0.50–6.0) 4.3 (4.0–4.4) 2.2 (1.95–5.75) 6.0 (6.0–6.1) 6.1 (4.1–6.1) 5.93

t½ (h)
 Mean (SD) 62.1 (17.9) 152 (129.2) 86.1 (24.1) 45.9 (18.83) 142 (61.5) 142 (55.0) NC
 Median 

(range)
54.46 (49.4–

82.6)
151.8 (60.5–

243)
91.03 (60.0–

107)
44.93 (27.5–

65.1)
142 (98.4–185) 159 (80.7–187)

Rac

 Mean (SD) 4.3 (1.069) 9.6 (7.8) 5.7 (1.4) 3.3 (1.2) 9.0 (3.7) 9.1 (3.3) NC
 Median 

(range)
3.8 (3.5–5.5) 9.6 (4.2–15.1) 6.0 (4.1–6.97) 3.2 (2.2–4.4) 9.0 (6.4–11.7) 10.1 (5.4–11.7)

Ctrough (ng/mL) n = 11 n = 12 n = 20 n = 61 n = 79 n = 15 n = 1
 Mean (SD) 43.5 (23.5) 72.9 (40.1) 165 (88.0) 367 (253) 816 (557) 1242 (723) 1170
 Median 

(range)
43.4 (13.6–37.5) 66.6 (26.7–166) 110 (78.6–339) 292 (77.1–1173) 668 (90.5–2925) 1085 (470–

2391)
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balance because of difficulty voiding, resulting in low recov-
ery of the administered dose. Another patient was adminis-
tered a dose of non-radiolabeled gilteritinib prior to collec-
tion of the 24-h sample on Day 16. For this patient, plasma 
and whole blood concentration data at 24 h post-dose were 
excluded from the descriptive statistics of plasma and blood 
concentration data and summary PK parameters.

In vivo plasma protein binding in humans is approxi-
mately 94%, and gilteritinib is primarily bound to albumin 
(data on file). Average total blood-to-plasma ratios of total 
14C-radioactivity had a range of 0.8514–1.361, indicating 
low partitioning of gilteritinib into blood. These results par-
allel data from rodent and canine PK studies (data on file, 
Astellas Pharma, Inc.).

Based on in vitro metabolism data, gilteritinib is primar-
ily metabolized via CYP3A4. Quantified metabolites in 
humans include M17 (formed via N-dealkylation and oxi-
dation), M16, and M10 (both formed via N-dealkylation); 
these metabolites were also observed in animals (data on 
file). None of the three metabolites exceeded 10% of the 
overall parent exposure. The proposed metabolic schemes 
for gilteritinib in humans are provided in Fig. 6.

Data demonstrated gilteritinib is primarily excreted in 
feces. After a single oral dose of 14C-gilteritinib, 64.5% of 
the total administered dose was recovered in feces. Renal 
excretion is a minor elimination pathway, with 16.4% of the 
total dose recovered in urine. Gilteritinib plasma concentra-
tions declined in a bi-exponential manner with an estimated 

half-life of 113 h based on a population PK analysis (not 
shown).

In this study, oral bioavailability of gilteritinib is esti-
mated to be greater than 61.2%, based on the sum of excre-
tion percentages of the parent gilteritinib in urine and 
metabolites in urine (16.4%) and feces (64.5%), and 80.9% 
of the total radioactive dose recovered (Fig. 2 and Table 2 
of the ESM). Unchanged gilteritinib (parent) was the most 
abundant radioactive peak, accounting for 6.3–15.8% and 
11.7–23.8% in urine and feces, respectively.

The peak corresponding to M10 accounting for 0.4–2.1% 
and 6.3–10.3% in urine and feces, respectively, also included 
other minor metabolites. The postulated metabolic pathways 
involve at least: (1) oxidation of methylpiperazine (M6, M8, 
and M14), piperidine (M17), oxane (M9, M12, and M15), 
and an unspecified moiety (M1); (2) N-dealkylation of 
methylpiperazine (M2, M7, and M10) and piperidine (M16 
and M17); (3) glutathione conjugation (M3, M5, M11, and 
M13); and (4) glucuronidation (M4). The metabolite-to-
parent ratios of the three predominant circulating metabo-
lites identified in plasma (AS3397391 [M17], formed via 
oxidation, AS3322943 [M16], and AS2651096 [M10], both 
formed via N-dealkylation) were each less than 10% of the 
parent overall exposure.

3.4  Hepatic Impairment Study

A decrease in gilteritinib exposure (AUC inf and Cmax) was 
observed with increasing severity of hepatic impairment. 
Although differences in total Cmax and area under the con-
centration–time curve (AUC) were observed in subjects with 
hepatic impairment compared with healthy subjects with 
normal hepatic function, these differences were not appar-
ent when gilteritinib exposure parameters were corrected 
for protein binding, indicating that unbound gilteritinib 
exposure in subjects with mild or moderate hepatic impair-
ment is comparable to that observed in subjects with nor-
mal hepatic function (Table 6). As such, mild (Child–Pugh 
Class A) or moderate (Child–Pugh Class B) hepatic impair-
ment does not have a clinically meaningful effect on the PK 
profile of gilteritinib; the effect of severe hepatic impair-
ment (Child–Pugh Class C) on the PK of gilteritinib was 
not evaluated.

3.5  Cytochrome P450 3A4 Drug–Drug Interaction 
Study

The effect of strong and moderate CYP3A4 inhibitors and a 
strong CYP3A4 inducer on the PK of gilteritinib was eval-
uated in an open-label parallel-group study in 81 healthy 
subjects. Coadministration of itraconazole resulted in a 
significant increase (~ 2.2-fold) in the systemic exposure 
of gilteritinib (Fig. 7). A smaller increase in gilteritinib 
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whom the time of dosing on the day of sampling was known, were 
included in the analysis. CRc composite complete response, n number 
of patients, NE not evaluable, NR no response, PR partial response
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systemic exposure (~ 1.43-fold) was observed following 
coadministration of gilteritinib with fluconazole. Concomi-
tant administration of rifampicin significantly decreased 
gilteritinib systemic exposure by ~ 70%.

Pre-dose plasma concentrations of itraconazole and flu-
conazole were maintained at exposures demonstrated to 
inhibit CYP3A4 [13]. Pre-dose concentrations of rifampicin 

were less than the lower limit of quantiication in Table 7, all 
subjects, at all timepoints (Days 8, 10, 13, 15, and 22). As 
a result, it was not possible to confirm rifampicin exposure 
during the treatment period.

Taken together, coadministration of gilteritinib with a 
strong CYP3A4 inhibitor or inducer may result in signifi-
cantly greater or lesser, respectively, gilteritinib systemic 
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Fig. 4  Mean midazolam [MDZ] (a) and 1-OH midazolam (b) plasma 
concentration–time profiles in patients with relapsed or refractory 
acute myeloid leukemia (AML). Concentrations below the limit of 
quantification (BLQ) [lower limit of quantification (LLOQ) = 0.1 ng/

mL] were set to zero. Mean was not calculated if concentration was 
BLQ for all subjects in a given category. Day-1, n = 15 at 24 h; Cycle 
1, Day 15, n = 8 at 24 h. 1-OH 1-hydroxymidazolam
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exposure. As itraconazole is also a P-gp inhibitor, observed 
increased gilteritinib exposure may be due to inhibition of 
P-gp.

3.6  Effect of Food Study

In 32 healthy subjects, the rate and extent of gilteritinib 
absorption were slightly decreased, although not statisti-
cally significant, when coadministered with a high-fat meal, 
as evidenced by GLSM ratios: 74.0% for Cmax, 91.0% for  
AUC 72, 93.8% for AUC inf, and 94.6% for AUC last (Table 8).

4  Discussion

This report provides a comprehensive characterization of the 
clinical PK of gilteritinib, a highly selective tyrosine kinase 
inhibitor (TKI) used in the treatment of cancer, and the effect 
of intrinsic and extrinsic patient factors. Gilteritinib exhibits 
linear dose-proportional PK in patients with R/R AML at 
doses with a range of 20–450 mg. Gilteritinib undergoes 
rapid absorption, with a median Tmax observed between 2 
and 6 h following single and multiple dosing, and was elimi-
nated slowly with an estimated  t1/2 range of 45–159 h; t1/2 
and Tmax do not appear to be dose dependent. Furthermore, 
administration of gilteritinib with a high-fat breakfast did not 
affect the overall exposure (AUC inf, AUC last, and AUC 72) of 
gilteritinib, suggesting that gilteritinib can be administered 
without any food-related considerations.

In the CHRYSALIS study, data indicated a trend of 
increasing gilteritinib exposure when gilteritinib was admin-
istered with a moderate or strong CYP3A4 inhibitor rela-
tive to patients who did not use a CYP3A4 inhibitor; the 
observed increase was less than two-fold. This magnitude of 
increased exposure is not considered clinically significant. A 
review of drug-related safety events categorized by CYP3A4 
inhibitor use did not indicate differences in the incidence of 
safety events in patients coadministered a moderate or strong 
CYP3A4 inhibitor compared with patients not administered 
a CYP3A4 inhibitor. Changes in gilteritinib exposure that 

are less than two-fold (or 200%) are not considered clini-
cally relevant based on (a) the European Medicines Agency 
and Food and Drug Administration definition of a sensitive 
substrate (i.e., plasma AUC increased two-fold or more) 
and (b) whether the magnitude of increased exposure leads 
to serious adverse events [14]. As gilteritinib is not a drug 
with a narrow therapeutic index [14], moderate increases in 
exposure are not expected to result in a significant increase 
of adverse events, as evidenced by the comparable incidence 
of drug-related safety events in patients with R/R AML who 
were coadministered strong CYP3A inhibitors and gilteri-
tinib relative to patients who did not receive strong CYP3A 
inhibitors during gilteritinib therapy.

That said, the 2.2-fold increase observed in gilteritinib 
exposure when coadministered with a strong CYP3A4 inhib-
itor supports precautionary use of strong CYP3A4 inhibi-
tors during gilteritinib therapy. Clinicians are advised to use 
alternative therapies that are not strong CYP3A inhibitors if 
possible. Caution is also advised when administering gilter-
itinib, a P-gp substrate, with strong P-gp inhibitors, most 
of which are also strong CYP3A inhibitors. Coadministra-
tion of gilteritinib and combined P-gp and strong CYP3A 
inducers is prohibited because of the significant reduction 
in gilteritinib exposure. Coadministration of gilteritinib 
with midazolam or cephalexin did not result in markedly 
different midazolam or cephalexin exposures; therefore, 
coadministration of CYP3A4 and MATE1 substrates with 
gilteritinib is not restricted. Additionally, a loss of efficacy 
in subjects with low or moderate hepatic impairment (based 
on the Child–Pugh definition) is not anticipated, as unbound 
gilteritinib exposure in subjects with hepatic impairment was 
comparable to that in subjects with normal hepatic function. 
Therefore, gilteritinib dose adjustment is not warranted for 
patients with low or moderate hepatic impairment. The clini-
cal PK studies discussed above support use of a single daily 
dose, where virtually all patients achieve an effective drug 
concentration. Furthermore, gilteritinib can be taken with 
or without food and, in patients with AML, may be used in 
combination with some commonly used CYP3A inhibitors, 
e.g., azole antifungals.

Table 4  Effect of gilteritinib on the pharmacokinetics of midazolam, CHRYSALIS

1-OH MDZ 1-hydroxymidazolam, AUC 24 area under the concentration–time curve from time of dosing to 24 h post-dose, CI confidence interval, 
Cmax maximum observed concentration, GLSM geometric least-squares mean, MDZ midazolam
a Value of 100 indicates no change

Comparison Analyte N Parameter MDZ + gilteritinib 
(GLSM)

MDZ alone 
(GLSM)

GLSM  ratioa (%) 90% CI

Midazolam + gilteritinib/
midazolam alone

MDZ 8 AUC 24 (ng∙h/mL) 59.4 54.3 109.5 49.8–240.5
MDZ 9 Cmax (ng/mL) 16.0 14.3 111.6 69.5–179.3
1-OH MDZ 8 AUC 24 (ng∙h/mL) 17.0 11.3 149.9 74.9–300.1
1-OH MDZ 9 Cmax (ng/mL) 4.3 3.5 123.5 72.4–210.5
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Regarding the dose-proportional PK of gilteritinib in the 
CHRYSALIS study, range and median  Tmax were generally 
the same across doses, especially at steady state (Cycle 1 
Day 15). More variability was observed after single-dose 
administration but given the small sample size of the dose 
cohorts (n = 3–5 patients) and a patient population with 
various comorbidities and concomitant medications, high 
inter-subject variability is not unexpected. Still, the median 
Tmax was generally consistent in patients with R/R AML 
and healthy subjects. To better characterize the sources of 

variability in PK, a population analysis (results not shown) 
demonstrated that although some covariates reflecting intrin-
sic and extrinsic traits were statistically significant such 
that their inclusion in the model improved data fitting, their 
impact on gilteritinib exposure was not clinically significant.

Since the approval of the first TKI, imatinib, in 2011, at 
least 23 TKIs have been approved in the USA [15] and 14 in 
Europe [16], including midostaurin (RYDAPT), approved 
for the treatment of adults with newly diagnosed FLT3 muta-
tion-positive AML, in combination with standard cytarabine 
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and daunorubicin induction and cytarabine consolidation. 
The PK of these TKIs have been well characterized in the 
literature [17, 18]. Similar to many of the approved TKIs, 
gilteritinib has moderate oral bioavailability (estimated to 
be greater than 61.2%), is rapidly absorbed (median Tmax 
between 2 and 6 h), moderately bound to plasma proteins 
(94%), primarily albumin, and is a CYP3A substrate. A 
few distinguishing attributes of the PK of gilteritinib are its 
long half-life (113 h), lack of food effect, and lack of clini-
cally significant drug interaction with strong and moderate 
CYP3A inhibitors. In contrast, midostaurin has a shorter 
half-life (21 h), its exposure increases by 1.6-fold with a 
high-fat meal, and it has a 10.4-fold and 2.1-fold increase in 
exposure when coadministered with ketoconazole or itra-
conazole, respectively.

Gilteritinib has a large volume of distribution. These 
results parallel data from rat and dog PK studies (data not 
shown). In vivo plasma protein binding in humans is approx-
imately 90% and gilteritinib is primarily bound to albumin. 
Average total blood-to-plasma ratios of  [14C]-radioactivity 
as measured in the human mass balance and biotransforma-
tion study had a range of 0.8514–1.361, indicating a low 
association of gilteritinib with blood cellular components.

The PK characteristics of gilteritinib are quite similar to 
those observed for other approved TKIs, all of which are 
CYP3A4 substrates. Moreover, population PK (results not 
shown, manuscript in development) was performed on data 
pooled across patient and healthy subject studies. When 
using the subject type as the covariate, the population-esti-
mated half-life in patients with R/R AML (not shown) is 
113 h and is comparable to that observed in healthy subjects.

One limitation of the analysis of the effect of CYP3A 
inhibitors on the PK of gilteritinib in patients with R/R AML 
is that the characteristic exposure parameters, i.e., Cmax and 
AUC, could not be determined for gilteritinib because of 
insufficient data in the planned DDI cohort in the phase I 

study in patients with R/R AML. Instead, a post hoc explora-
tory analysis comparing Ctrough in patients who were receiv-
ing a strong or moderate CYP3A inhibitor was performed 
on the data. Although it is not the standard approach, the 
current analysis is based on steady-state concentration data 
as opposed to a single-dose study and is more reflective of 
the real-world concomitant use of strong CYP3A inhibitors, 
many of which are azole antifungals used to treat infection 
in this patient population. It is also important to note the 
relative timing of administration of CYP3A inhibitors to 
gilteritinib administration was not considered in the current 
analysis.

Another limitation regarding assessment of drug inter-
actions with CYP3A inhibitors and inducers is that the 
probes used, itraconazole, fluconazole, and rifampicin, are 
also P-gp inhibitors (itraconazole, fluconazole) or inducers 
(rifampicin). Hence, the contribution of CYP3A or P-gp 
inhibition or induction, respectively, on the observed effect 
cannot be discerned. However, this does allow for the esti-
mation of the maximum change in gilteritinib exposure due 
to dual inhibitory or induction effects. As such, the product 
labeling for gilteritinib includes restrictions related to con-
comitant use of “combined P-gp and strong CYP3A induc-
ers” and cautionary use of strong CYP3A/P-gp inhibitors 
while being treated with gilteritinib. This language reflects 
the large overlap of drugs that have dual inhibitor or induc-
tive effects on CYP3A and P-gp.

In the drug–drug interaction with rifampicin, there 
were no measurable concentrations of rifampicin because 
of its short half-life (3.5 h) [19] relative to the QD sam-
pling schema. At least 7 days of rifampicin administration 
(600 mg) is required for maximal enzyme induction prior to 
dosing the “victim” drug [20]. To maintain enzyme induc-
tion, especially for drugs with long half-lives, rifampicin 
should continue to be administered for at least 11–14 days. 
Although we were not able to measure rifampicin 

Table 5  Effects of gilteritinib 
on cephalexin pharmacokinetics 
after administration 
of cephalexin alone or 
coadministered with gilteritinib, 
CHRYSALIS (substudy)

Ae cumulative amount of unchanged drug excreted into the urine, AUC inf area under the concentration–
time curve from the time of dosing extrapolated to time infinity, AUC last area under the concentration–time 
curve from the time of dosing to the last measurable concentration, CI confidence interval, CLr renal clear-
ance, Cmax maximum observed concentration, GLSM geometric least-squares mean, PK pharmacokinetic
a The difference of a least-squares mean of log-transformed PK parameters between cephalexin alone and 
cephalexin and gilteritinib and its 90% CI are back transformed to the raw scale and values are expressed as 
percentages

PK parameter N Cephalexin alone
GLSM

Cephalexin and 
gilteritinib
GLSM

GMR (%)a 90%  CIa

AUC inf (ng∙h/mL) 12 54,066 50,802 93.96 (75.29–117.26)
AUC last (ng∙h/mL) 16 50,808 49,647 97.71 (74.19–128.70)
Cmax (ng/mL) 16 16,946 15,498 91.46 (74.60–112.12)
Ae (mg) 10 436.9 366.7 83.93 (46.53–151.39)
CLr (L/h) 6 10.67 8.842 82.84 (40.25–170.48)
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Fig. 6  Proposed metabolic 
pathway for gilteritinib
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concentrations, the dosing period of rifampicin (21 days) 
prior to (7 days) and after (14 days) gilteritinib drug admin-
istration is similar to that noted in the literature, which has 
established the timeframe and rifampicin exposure needed 
for adequate and sustained induction of CYP3A [21].

There were also some challenges regarding the mass 
balance study, which are typically conducted in healthy 

subjects. As gilteritinib has marked accumulation after 
multiple-dose administration (reflecting its intended use), 
the study was designed so that absorption, metabolism, and 
elimination could be evaluated at steady state. Hence, the 
study was conducted in patients with solid tumors given the 
potential genotoxicity of gilteritinib. Given the long half-life, 
the sample collection period spanned 28 days. As in-patient 

Table 6  Statistical analysis of hepatic impairment on total and unbound gilteritinib pharmacokinetics

AUC 480 area under the concentration–time curve from the time of dosing to 480 h post-dose, AUC inf area under the concentration–time curve 
from the time of dosing extrapolated to time infinity, CI confidence interval, Cmax maximum observed concentration, GLSM geometric least-
squares mean, GMR geometric mean ratio, NA not applicable
a The exponentiated value of the least-squares mean based on natural log-transformed data
b Assessment based on an analysis of variance with a fixed effect for hepatic function group was performed on natural log-transformed parame-
ters. Ratios and confidence limits are transformed back to raw units by exponentiating and values are expressed as percentages. The ratio denotes 
the hepatic function group GLSM estimate divided by the normal hepatic function group GLSM estimate

Parameter Hepatic function N GLSMa GMR (%)b 90%  CIb

Total Unbound Total Unbound Total Unbound

AUC inf (h∙ng/mL) Mild 8 433.3 27.53 78.88 88.42 (61.1–101.8) (65.9–118.6)
Moderate 8 337.4 27.54 61.43 88.48 (47.6–79.3) (66.0–118.7)
Normal 8 549.3 31.13 NA NA NA NA

AUC 480 (h∙ng/mL) Mild 8 408.4 25.95 78.13 87.59 (60.8–100.4) (65.9–116.4)
Moderate 8 316.5 25.84 60.55 87.21 (47.1–77.8) (65.6–115.9)
Normal 8 522.7 29.62 NA NA NA NA

Cmax (ng/mL) Mild 8 8.140 0.5171 106.59 119.49 (82.1–138.4) (91.3 156.5)
Moderate 8 6.242 0.5095 81.73 117.72 (63.0–106.1) (89.9–154.2)
Normal 8 7.637 0.4328 NA NA NA NA
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Fig. 7  Effects of strong cytochrome P450 (CYP) 3A4 inhibitors and 
inducers on mean gilteritinib plasma concentrations in healthy adult 
subjects. Concentrations below the limit of quantification (BLQ) 
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Mean was not calculated if concentration was BLQ for all subjects in 
a given category. N = 20 for each treatment arm
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confinement was not feasible for this duration, intermittent 
outpatient periods were integrated into the study. However, 
samples were not collected during the outpatient periods, 
therefore limiting greater recovery of the total administered 
dose.

5  Conclusions

In summary, gilteritinib exhibits a clinical PK profile that 
supports QD administration with or without hepatic impair-
ment. Gilteritinib has been approved as a single agent for 
R/R AML with FLT3 mutations. The clinical PK studies 
discussed above support use of a single daily dose, where 

virtually all patients achieve an effective drug concentration. 
Furthermore, gilteritinib can be taken without regard to food 
and may be taken concomitantly with strong CYP3A inhibi-
tors, many of which are antifungal agents commonly used to 
treat infection in patients with R/R AML.
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Treatment Parameter Gilteritinib + inducer/
inhibitor (GLSM)

Gilteritinib alone
(GLSM)

GLSM
ratioa (%)

90% CI

Itraconazole + gilteritinib/gilteritinib alone AUC inf (ng∙h/mL) 67.7 30.6 221.4 188.3–260.4
AUC last (ng∙h/mL) 61.5 28.8 213.5 180.6–252.4
Cmax (ng/mL) 0.593 0.495 119.8 100.1–143.4
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Table 8  Effects of food on the pharmacokinetic (PK) profile of gilter-
itinib

AUC 72 area under the concentration–time curve from the time of dos-
ing to 72 h post-dose, AUC inf area under the concentration–time curve 
from the time of dosing extrapolated to time infinity, AUC last area 
under the concentration–time curve from the time of dosing to the 
last measurable concentration, CI confidence interval, Cmax maximum 
observed concentration, GLSM geometric least-squares mean, GMR 
geometric mean ratio
a Assessment based on an analysis of variance performed on natural 
log-transformed parameters with the food condition as a fixed effect. 
Ratios and confidence limits are transformed back to a raw scale and 
values are expressed as percentages. The ratio denotes the gilteritinib 
40-mg fed GSLM estimate divided by the gilteritinib 40-mg fasted 
GSLM mean estimate

PK parameter N Fed
GLSM

Fasted
GLSM

GMR (%)a 90%  CIa

AUC inf (ng∙h/mL) 16 1900 1780 93.8 81.2–108.4
AUC last (ng∙h/mL) 16 1840 1740 94.6 81.8–109.3
AUC 72 (ng∙h/mL) 16 951 865 91.0 78.2–105.9
Cmax (ng/mL) 16 28.6 21.2 74.0 62.2–88.1
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