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Basking Ridge, New Jersey, USA The population pharmacokinetics (PK) of quizartinib and its pharmacologically
*Pharmetheus AB, Uppsala, Sweden active metabolite AC886 have been previously described in healthy volunteers
*Quantitative Clinical Pharmacology (HV) and relapsed/refractory (R/R) FLT3-internal-tandem-duplication-positive
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Tokyo, Japan (FLT3-IDT-positive) acute myeloid leukemia (AML) patients receiving quizartinib

monotherapy. In this analysis, we characterized the population PK of quizartinib

Correspondence and AC886 in newly diagnosed FLT3-ITD-positive AML patients receiving stand-
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Pharmacology Department, Daiichi ard induction and consolidation chemotherapy as background treatment, using
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S o PK were best described by a three-compartment model with sequential zero- and
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first-order absorption and first-order elimination. A two-compartment model
Present address with first-order metabolite formation and first-order elimination best fitted
;Z\;irvla\y/’a;i?:ir:yr’czg ACO" fne- ACS886 data. The PK of both moieties showed large interindividual variability

(approximately 70% coefficient of variation for systemic clearances). The use of
strong cytochrome P450 3A (CYP3A) inhibitors had the largest impact on expo-
sure, increasing the steady-state area under the curve during the dosing interval
(AUC,,) by 1.8-fold. This is consistent with observations in HV and R/R AML
patients and confirms the need for dose adjustments during coadministration. A
novel finding in newly diagnosed AML patients was the phase-dependent change
in steady-state quizartinib exposure: dose-normalized AUC values were 0.6-fold
during induction, similar during consolidation, and 1.4-fold during continuation
compared to R/R AML patients receiving quizartinib monotherapy. The present
analysis highlighted the comparison of quizartinib and AC886 PK between newly
diagnosed AML patients and previously studied populations, informed dose mod-
ifications needed with strong CYP3A inhibitors, and supported the use of derived

individual exposure metrics in separate exposure-response analyses.
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Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

The population pharmacokinetics (PK) of quizartinib and its active metabolite
AC886 have been previously characterized in healthy volunteers and patients
with relapsed/refractory (R/R) acute myeloid leukemia (AML) receiving quizar-
tinib monotherapy.

WHAT QUESTION DID THIS STUDY ADDRESS?

What is the population PK of quizartinib and AC886 in newly diagnosed AML pa-
tients receiving quizartinib in addition to standard induction and consolidation
chemotherapy, and followed by quizartinib maintenance monotherapy?

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

Quizartinib steady-state exposure in newly diagnosed AML patients varies across
treatment phases (induction, consolidation, continuation). Other covariate ef-
fects were consistent with those found in the R/R population.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

The study provides supportive evidence of the need for quizartinib dose adjust-

INTRODUCTION

Acute myeloid leukemia (AML) is an aggressive het-
erogeneous cancer with poor prognosis. The Feline
McDonough Sarcoma (FMS)-like receptor tyrosine kinase
3 (FLT3), involved in the regulation of cell growth, differ-
entiation, and survival, is frequently activated by genetic
alterations or overexpressed in AML.'™ FLT3 activation
by internal-tandem duplication (ITD) is observed in 25%
of the cases*”’ and serves as an independent prognostic
factor associated with increased relapse rate and reduced
overall survival (OS)."®

Quizartinib is an oral, highly potent type II FLT3 inhib-
itor developed for the treatment of AML. Its pharmaco-
logically active metabolite, AC886, formed and eliminated
via cytochrome P450 3A (CYP3A)-mediated metabolism,
is also a potent and selective FLT3 inhibitor with similar
activity as quizartinib.”'® In the Phase 3 QUANTUM-R
clinical trial, single-agent quizartinib treatment resulted
in improved OS in FLT3-ITD-positive patients with re-
lapsed/refractory (R/R) AML, as compared to salvage
chemotherapy."' Recently, the Phase 3 QUANTUM-First
trial demonstrated that the addition of quizartinib to stan-
dard induction and consolidation chemotherapy in newly
diagnosed FLT3-ITD-positive AML patients, followed
by continuation with quizartinib monotherapy for up to
3years, resulted in improved OS compared to placebo
(31.9 vs. 15.1 months; hazard ratio 0.78; 95% CI 0.62-0.98;
p=0.032)."?

The population pharmacokinetics (PK) of quizartinib
and AC886 have been previously described in healthy

ments in subgroups of newly diagnosed AML subjects.

volunteers and patients with R/R AML who received
monotherapy of quizartinib in a pooled analysis from
eight clinical studies."

The aim of the present analysis was to characterize
the population PK of quizartinib and AC886 in newly
diagnosed AML patients by pooling data from 12 previ-
ous studies and the recent Phase 3 QUANTUM-First trial,
where patients received quizartinib in combination with
standard cytarabine-anthracycline induction and cytar-
abine consolidation chemotherapy, and as maintenance
monotherapy. Particular emphasis was put on assessing
the impact of intrinsic and extrinsic factors on the PK pa-
rameters of both quizartinib and AC886.

METHODS
Clinical data

The data for the population PK analysis originated from
a total of 13 clinical studies: nine Phase 1, two Phase 2,
and two Phase 3 studies. All study protocols were ap-
proved by the institutional review board or ethics com-
mittee at each study site and the studies were conducted
in accordance with Good Clinical Practice guidelines
and adhered to the Declaration of Helsinki. All subjects
provided written informed consent before any study
procedures were undertaken. A summary of the clinical
studies used in the analysis, including a short descrip-
tion, sample size, dose regimen, and PK sampling sched-
ule, is provided in Table 1. Seven of these studies were
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TABLE 1 (Continued)

Number of PK
samples®

ASCPT

Quizartinib dose

PK sampling

Quizartinib  ACS886 (formulation)

Population Short description Subjects®

Phase

Study ID

0,1, 2,4, 6,and 24h post-dose (cycle 1days 1
and 15). Less frequently, 1 or 2 samples, on

other days

Multiple daily doses of 20, 30,

or 60mg (tablet)

3672 3553

239

Quizartinib

R/R AML patients

3

QUANTUM-R

(AC220-007)

monotherapy Phase

3 study

0,1,2,4,6,24h postdose (cycle 1days 8 and
21) Less frequently, 1 or 2 samples, on other

Multiple daily doses of 20, 30,
40, or 60mg (tablet)

1803

1776

259

Newly diagnosed AML  Quizartinib plus

3

QUANTUM-

chemotherapy Phase

patients

First (AC220-
A-U302)
Total

days

3 study

13,399

14,160

932

Abbreviations: AML, acute myeloid leukemia; DDI, drug-drug interaction; R/R, relapse/refractory.

“Number of Subjects and PK samples included in the analysis.

bClinical scoring system assessing liver disease severity and prognosis.

“National Cancer Institute-Organ Dysfunction Working Group.

used in the previous PK analysis in healthy volunteers
and R/R AML patients. The additional studies included
in the current work were three studies in Japanese pa-
tients, one study in subjects with hepatic impairment,
one Phase 1 study in newly diagnosed AML patients,
and QUANTUM-First. The analysis data set included
14,160 quizartinib and 13,399 AC886 PK observations
from 932 subjects.

In QuUANTUM-First, 539 newly diagnosed AML pa-
tients aged 20-75years were randomly assigned (1:1)
to receive quizartinib or placebo in addition to standard
AML chemotherapy. During the induction phase, patients
received quizartinib/placebo plus intravenous cytarabine
and anthracycline. Patients with remission could proceed
to the consolidation phase to receive standard consolida-
tion with high-dose cytarabine plus quizartinib/placebo,
allogeneic hematopoietic cell transplantation (allo-HTC),
or both. Finally, patients with blood count recovery en-
tered the continuation phase with single-agent quizarti-
nib or placebo for up to 3years.'* Dose adjustments due to
adverse events or concomitant use of strong CYP3A inhib-
itors were applied throughout the trial duration."?

Bioanalytical methods

Plasma concentrations of quizartinib and AC886 were
measured by using one of two validated liquid chroma-
tography-tandem mass spectrometry methods, developed
by BASi (Bioanalytical Systems, West Lafayette, IN, USA).
For the first method, the lower limit of quantification
(LLOQ) was 2ng/mL and for the second it was 0.5ng/mL.
The methods were cross-validated and proven to have
similar precision and accuracy."

Model development

The population analyses were carried out in NONMEM
version 7.4.4 (ICON Development Solutions, Ellicott City,
Maryland),* using the first-order conditional estimation
method with interaction for parameter estimation. The
standard errors of the parameter estimates were com-
puted using the MATRIX =S option in NONMEM. Visual
predictive checks (VPCs) were generated with the PsN
toolkit,"” version 4.9.0. PsN was also used to execute the
covariate search algorithm. Data management and further
post-processing of NONMEM output was carried out in R
version 3.5.3.'%

The starting point for quizartinib structural model
building was the model previously developed in R/R
AML patients.”® This was a three-compartment model
with sequential zero-order and first-order absorption, an
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absorption lag time, and linear elimination from the cen-
tral compartment.

A sequential approach was used to develop the AC886
model, where individual quizartinib PK parameters were
fixed to their Empirical Bayes Estimates from the final
quizartinib model. The starting point for AC886 structural
model building was the two-compartment model with
first-order metabolite formation developed in R/R AML
patients.”® Due to unavailability of intravenous data and
given the challenges associated with identifying the me-
tabolism and formation parameters in joint parent and
metabolite population models, the parent-to-metabolite
conversion fraction (fygr) in the original model was fixed
to 0.5, based on the quizartinib/AC886 exposure ratio in
the Phase 2 study 2689-CL-2004."*!° Although this rep-
resents an assumption, it had no impact on the conclu-
sion of the analysis because the model fit is not affected by
the value of fyzr- Elimination was linear from the central
compartment.

Interindividual variability (IIV) was evaluated on all
relevant PK parameters and was generally added in an ex-
ponential manner (Equation 1).

0; = 0, x vl €))

where 6, is the typical value of the parameter 6, 6; is the in-
dividual value of the parameter, and ,; is a normally distrib-
uted random variable with mean 0 and standard deviation
o.

A box-cox transformation for IIV was considered when
dealing with skewed »,; distributions (Equation 2).

N\ A
i)™ 1
. G @
pi,transformed 1
1

where A, is a shape parameter.
The model for the residual unexplained variability
(RUV) was additive on the logarithmic scale (Equation 3).

log(vy) = 10g(Dy) + €adaj 3)

where yj; is the jth observation from the ith individual, ?ij
is the corresponding model individual predictions (IPRED),
and €444 is a normally distributed random variable with
mean 0 and standard deviation o.

Covariate analysis was performed using the stepwise
covariate model (SCM) algorithm with adaptive scope
reduction and stage-wise filtering.”* Stage-wise filter-
ing consists of categorizing covariates into three groups:
mechanistic, structural, and exploratory. Mechanistic
covariates are those known to have an impact on one or
more parameters of the model and are included in the
base model without statistical testing (e.g., body weight

ASCPT

(WT) on elimination and disposition based on allometric
principles).”"** Structural covariates are those that have
a strong rationale to impact one or more model parame-
ters; these are often specific to the study design (e.g., for-
mulation or diet status). Structural covariates are tested
prior to exploratory covariates. Exploratory covariates
are those that are not mechanistic nor structural and
are explored for hypothesis-generating reasons. Baseline
descriptive statistics for the continuous and categorical
covariates in the analysis data set are summarized in
Table 2, alongside their type (mechanistic, stochastic,
or exploratory) and the parameters they were included
or tested on. The forward selection and backward elim-
ination p-values were 0.01 and 0.001, respectively. The
adaptive scope reduction threshold p-value was 0.01.
Missing covariates were imputed with the median (con-
tinuous covariates) or most common category (categori-
cal covariates).

Covariates were tested only on parameters associated
with IIV. While baseline values were tested for all other
covariates, concomitant medications were evaluated
as covariates varying over time. Continuous covariate-
parameter relationships were implemented as exponential
models (Equation 4) and categorical covariate-parameter
relationships as a fractional difference to the most com-
mon category (Equation 5).

COVEffm — eam(Cov—Covref) 4)
1  ifCov=Cov,
COVpy = (5)
Eff,, ,
146, ifCov#Cov

where 6,, is the covariate coefficient for covariate m, and
Cov, is areference covariate value for covariate m, to which
the covariate model is normalized (median or mode).

The effect of AML was tested as a dichotomous co-
variate, grouping subjects into two subpopulations: AML
patients (including R/R AML and newly diagnosed AML
patients), and non-AML subjects (including healthy vol-
unteers and subjects with hepatic impairment). The
AML patient group was set as the reference category ver-
sus which the effect of non-AML subjects was estimated
(Equation 5).

For the mechanistic covariate WT, the power relation-
ship was applied (Equation 6).

WT >9vn ©®

COVig = <—
Effyr 75
where Oy, was fixed to 0.75 for clearance (CL) and 1 for the
volume of distribution (V) parameters.*** The total effect of
covariates on parameter p is the product of n covariate terms

(Equation 7).
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n
TVP; =0, [] COVig, (7)
m=1

where TVP; is the typical value of parameter p for patient i
and 6, is the population-typical parameter value (for a pa-
tient with typical or reference covariate values).

The influence of covariates on exposure metrics
(steady-state area under the curve in the 24-h dosing inter-
val AUC, maximum concentration at steady-state Cy,y g
and minimum concentration at steady-state Cyy;,) of
quizartinib, AC886, and their sum, was illustrated graph-
ically using Forest plots.”* The illustration was based on
the final models and the uncertainty in covariate effects
was obtained by drawing 250 samples from the variance-
covariance matrix of the estimates. Given the <3% differ-
ence in the molecular weight of quizartinib and AC886
(560.68 g/mol vs. 576.67 g/mol), the exposure metrics of
the individual moieties were summed up on the ng/mL
scale when computing the total (quizartinib plus AC886)
exposure parameter values.

(@

Q2,quiz / VP2,quiZ

QZ,quiz / VC,quiz

Ve

,quiz

Model building was guided by changes in the objective
function value (OFV), the precision and plausibility of pa-
rameter estimates, and the visual inspection of graphical
diagnostics, including goodness of fit plots and prediction-
corrected VPCs (pcVPCs).*#%

RESULTS
Quizartinib population PK model

The final quizartinib model had a three-compartment
structure with sequential zero- and first-order absorption,
and afirst-order elimination from the central compartment
(Figure 1a). The model consisted of the following
parameters: duration of zero-order input to the depot
compartment (D1), first-order absorption rate constant
(k,), absorption lag time (T,,), relative bioavailability
(Fre1), apparent CL (CLgy,), apparent central V (V).

apparent Vs for the peripheral compartments (Vj; quiz

P Ql,quiz /VPl,quiz

(b)

FIGURE 1

VC,AC886

quiz | N| P1,quiz
Ql,quiz /VC,quiz
CLquiz / VC,quiz
< vt
P QAC886 /VP, AC886
= » Vpacsss

QAC886 /VC, AC886

CLAC886 /VC,AC886

Illustration of the structural population PK models for quizartinib (a) and AC886 (b). D1 is the duration of zero-order input

to the depot compartment, k, is the first-order absorption rate constant, T}, is the absorption lag time, CLgy;, is the apparent clearance of

quizartinib, Vg,

(V) of quizartinib for the first peripheral compartment, V,

is the apparent central volume of distribution (V) of quizartinib, V}; 4., is the apparent peripheral volume of distribution
b2,quiz 1S the apparent V;, of quizartinib for the second peripheral compartment,

Q1 quiz 18 the apparent intercompartmental clearance 1 of quizartinib, and Q, 4, is the apparent intercompartmental clearance 2 of
quizartinib. CLycgg is the apparent clearance of AC886, V;, ocsss is the apparent V, of AC886, V}, scsse is the apparent V;, of AC886, Qacsse IS
the apparent intercompartmental clearance of AC886, and fypy is the parent-to-metabolite conversion fraction.
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and V},, quiz), and apparent intercompartmental CL for the
peripheral compartments (Q; gy, and Q, guiz)-

IIV terms were supported on CLgy;,, Q1 quiz Ve,quizs Tiags
k,, D1, and F,,;. Two different IIV terms for F, were esti-
mated, one for AML patients and one for non-AML sub-
jects, to account for the higher ITV observed in patient
data. Mechanistic covariates included in the model were
(i) strong CYP3A inhibitors coadministration on CL and
F,o, (i) non-AML subjects’ effect on F,, and (iii) allome-
tric WT scaling of CLquiZ’ Ql,quiz’ QZ,quiZ’ Vc,quiz’ Vpl,quiz’ and
Vio,quiz With a fixed exponent of 0.75 for the clearances
and 1 for the volumes of distribution. Using the SCM pro-
cedure, the following covariate-parameter relationships
were found to be statistically significant and were hence
included in the covariate model: concomitant use of mod-
erate CYP3A inhibitors on F,,, non-AML population sub-
group on k,, age on V;; 4., Black or African American
(Black) race on CLg;,, and female sex on V g, The RUV
model was additive on the logarithmic scale compris-
ing two separate terms for AML patients and non-AML
subjects, to capture the larger RUV associated with AML
studies.

During model building, an overprediction of quizarti-
nib concentrations in the induction phase of newly diag-
nosed AML patients was observed, followed by adequate
data prediction during consolidation, and underpredic-
tion in the continuation phase (Figure 2a). To account
for these differences in PK among study phases, a phase
covariate was included on the F, of newly diagnosed pa-
tients. Similarly to the other categorical covariates, this
phase covariate tested the fractional difference of each
study phase (induction, consolidation, and continuation)
in newly diagnosed AML patients against a reference cat-
egory. The reference was set to the R/R AML patients, for
whom no distinct treatment phases were reported. The
phase effect allowed for an adequate fitting of newly di-
agnosed patient data across all study phases (Figure 2b).

The parameter estimates of the final quizartinib
model are provided in Table 3 and the parametrization of
the covariate effects is provided in Equations 8 to 15 in
Supporting Information. The final quizartinib NONMEM
model code is also provided in Supporting Information.

Model parameters were estimated with adequate
precision (relative standard error (RSE) <40%). The es-
timated magnitude of IIV was high for D1 (82% coef-
ficient of variation (CV)), CLyyi; and Q; gy, (69% CV
each). Both IIV on F,,; and RUV terms were higher for
AML patients versus non-AML subjects (Table 3). The
pcVPCs for the final quizartinib model show that the
model was able to describe the median PK profile and
the associated variability in newly diagnosed AML pa-
tients during all study phases (induction, consolidation,
and continuation) (Figures 2b and 3a). The model was

ASCPT

also able to adequately capture the data across relevant
subpopulations, such as those receiving concomitant
medication with CYP3A inducers or inhibitors of vari-
ous intensities (Figure 3b), or the different disease sta-
tus subpopulations, ie, newly diagnosed AML patients,
R/R AML patients, and non-AML subjects (Figure S1).
Additional goodness of fit plots confirmed the satis-
factory performance of the final quizartinib model
(Figure S2).

AC886 population PK model

The final AC886 model was a two-compartment model
with first-order elimination from the central compart-
ment and first-order formation from the quizartinib cen-
tral compartment (Figure 1b). The parameters included in
the AC886 model were the following: fyrr, apparent CL
(CLaggs)> apparent central V (V scsg6)> apparent periph-
eral V (V acsse)» and apparent intercompartmental CL
(Qacsse)- The fypr was kept fixed to 0.5. An IIV term was
included on V cgg6 and two separate IIV terms were sup-
ported on CL,cgg for AML patients and non-AML sub-
jects. CL and V parameters were allometrically scaled by
WT. Black race, non-AML subjects population, and use
of strong CYP3A inhibitors were found to have a statisti-
cally significant impact on CL, ¢4g¢, While the use of strong
CYP3A inhibitors also had a statistically significant im-
pact on V scgg6- These factors were hence part of the co-
variate model. The RUV for AML patients and non-AML
subjects was described by separate additive error models
on the logarithmic scale.

The model provided an adequate fit to the data, but under-
predicted AC886 concentrations in the induction phase and
overpredicted them in the continuation phase (Figure 2c).
Thus, similarly to the addition made on F,,, in the quizarti-
nib model, a phase effect was included on fyr for adequate
fitting of the data across all study phases (Figures 2d and 3c).
However, in the case of AC886, no effect of non-AML sub-
jects was demonstrated on fyr, thus the non-AML subjects,
with no distinct treatment phase reported, were combined
with R/R patients in the reference group.

The parameter estimates for the final AC886 model are
provided in Table 3, and the parametrization of the covari-
ate effects is provided in Equations 16 to 20 in Supporting
Information. The final AC886 model NONMEM code is
also provided in Supporting Information.

AC886 population PK parameters were estimated with
an adequate precision (RSE <21%). As with the quizartinib
data, both IIV on CL,cggs and RUV were higher for AML
patients versus non-AML subjects (Table 3). The pcVPCs
for the final AC886 model (Figures 2d and 3c) showed that
the model was able to capture the typical AC886 PK profile
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FIGURE 2 Prediction-corrected VPCs of quizartinib (a, b) and AC886 (c, d) models, before (a, c) and after (b, d) adding the phase
covariate on F, and fygr, in newly diagnosed AML patients, stratified by study phase. Concentrations are displayed versus time after the

first dose on a semi-logarithmic scale. Orange markers delimit the bins.

and the associated variability in newly diagnosed AML pa-
tients during all study phases. The final AC886 model was
able to adequately capture the data across relevant comed-
ications (Figure 3d) and subpopulation (Figure S3) groups.
The model's satisfactory performance was additionally con-
firmed with goodness of fit plots (Figure S4).

The impact of covariates on AUC, Cpuy s a0 Cpriy s
of quizartinib, AC886, and their sum, is illustrated
in Figure 4. The covariate with the largest impact on

quizartinib exposure was the concomitant administration
of strong CYP3A inhibitors: it was estimated to increase
exposure by almost 2-fold. Quizartinib exposure was
higher in non-AML subjects compared to AML patients
(approximately 1.7-fold difference). The effect of Black
race was also pronounced but it was associated with large
uncertainty. In newly diagnosed AML patients, compared
to the reference R/R AML patient, quizartinib exposures
changed by 0.6-, 0.8-, and 1.4-fold, respectively, during
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TABLE 3 Parameter estimates of the final quizartinib and AC866 models.

ASCPT

Final quizartinib model Final AC886 model
Unit Value RSE(%) SHR(%) Unit Value RSE(%) SHR(%)
CLgui, L/h  6.65 1.61 CLAcsse L/h 461 3.75
Ve.quiz L 371 3.13 Ve acsse L 8.93 6.84
Q1,quiz L/h 40.7 4.68 Vp,ACs36 L 68.5 1.78
Vorquiz L 312 1.95 Qacsss L/h  3.76 2.06
Qs quiz L/h 0757 3.89
Vo2,quiz L 91.9 2.24
Tiag h 0.196 4.24
k, 1/h 110 6.28
D1 h 0.710 6.37
Fractional change —0.301 7.38 Fractional change 0.843 11.0
in CLgy;, with strong in CL cgs for non-
CYP3A inhibitors AML subjects
Fractional change 0.273 10.7 Fractional change 0.488 20.9
in F, with strong in CLy g6 for
CYP3A inhibitors Black race
F,¢ for non-AML 1.73 2.96 Fractional change 0.298 8.01
subjects in CL,gg6 With
strong CYP3A
inhibitors
Fractional change in 0.116 13.8 Fractional change 2.79 7.34
F,; with moderate in V, zcgse With
CYP3A inhibitors strong CYP3A
inhibitors
Fractional change —0.188 28.9 Fractional change 0.715 6.38
in k, for non-AML in fypr during
subjects Induction
Age effect on Vi quiz 1/ 0.0152 5.97 Fractional change 0.272 13.3
year in fypr during
Consolidation
Fractional change in —0.261 38.0 Fractional change —0.249 8.47
CLgy, for Black race in fyer during
Continuation
Fractional change in —0.169 16.0
Ve quiz for females
Fractional change in —0.419 4.92
F,¢ during Induction
Fractional change —0.192 15.6
in F, during
Consolidation
Fractional change 0.418 12.5
in F,,; during
Continuation
Shape box-cox —1.28 14.4
parameter for IIV on
F,. for AML patients
IV Qy quiz (CV)  0.691 4.60 43.9 ITV CL g6 AML (CV) 0.740 2.25 4.65
patients

(Continues)
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TABLE 3 (Continued)
Final quizartinib model Final AC886 model
Unit Value RSE(%) SHR(%) Unit Value RSE(%) SHR(%)
IV CLyy;, (CV)  0.695 2.34 11.8 IIV CL,cggs NON- (CV) 0516 5.31 1.56
AML subjects
IV V, quiz (CV) 0.186 11.0 60.2 IV V, pcsss (CV) 136 3.55 13.7
IIV Ti,g (cv) 0.647 4.10 44.5
IV k, (CV) 0.423 6.77 46.6
1IV D1 (cv) 0.821 4.50 38.1
IIV F, AML patients (CV)  0.444 4.81 17.5
IV F,, non-AML (CV) 0256 422 6.58
subjects
Additive RUV log (CV)  0.440 0.363 8.53 Additive RUV (CV)  0.452 0.364 6.61
scale AML patients log scale AML
patients
Additive RUV log (cv) 0.102 0.667 13.0 Additive RUV log (CV) 0.312 0.405 5.09
scale non-AML scale non-AML
subjects subjects
OFV —16,373.5 OFV —6691.71
Condition number 985.5 Condition number 25.09

Note: The RSE for IIV and RUV parameters are reported on the approximate SD scale.

The characteristics of the typical subject are reported in Equations 8 to 15 in Supporting Information for the final quizartinib model, and in Equations 16 to 20

in Supporting Information for the final AC886 model.

Abbreviations: AML, acute myeloid leukemia; CL, clearance; CLycsgg6, apparent CL of AC886; CLy,;,, apparent CL of quizartinib; CV, coefficient of variation;
D1, duration of zero-order input to depot compartment; F,, relative bioavailability; ITV, interindividual variability; k,, first-order absorption rate constant;
OFV: objective function value; Qxcss, apparent intercompartmental clearance of AC886; Q, o, apparent intercompartmental clearance 1 of quizartinib;
Q2,quiz» apparent intercompartmental clearance 2 of quizartinib; RSE, relative standard error; RUV, residual unexplained variability; SHR, shrinkage; Tj,g,
absorption lag time; V 5cgg6, apparent central volume of distribution of AC886; V.. ,,» apparent central volume of distribution of quizartinib; V;, scsse apparent

peripheral volume of distribution of AC886; V/,
distribution 2 of quizartinib.

induction, consolidation, and continuation treatment.
The point estimate of the remaining covariate effects
was within the [0.8-1.25] limits. For AC886, only Black
race led to a median difference in exposure outside the
+/—20% reference interval (almost 0.7-fold change com-
pared to all other race categories). The race effect was can-
celed out when assessing the impact on the total exposure
to quizartinib and AC886 (Figure 4c), while the effect of
strong CYP3A inhibitors and non-AML subjects remained
large.

DISCUSSION

Population PK models for quizartinib and AC886 were de-
veloped using pooled data from nine Phase I, two Phase
II, and two Phase III studies which were conducted in
healthy volunteers, subjects with hepatic impairment,
R/R AML patients, and newly diagnosed AML patients.
This was a comprehensive analysis including both densely
and sparsely sampled PK data after single- and multiple-
dose administrations ranging from 20 to 90 mg/day.

b1.quiz» @pparent peripheral volume of distribution 1 of quizartinib; V}, q.i,» apparent peripheral volume of

A three-compartment model with sequential zero and
first-order absorption and first-order elimination from the
central compartment best described quizartinib PK obser-
vations. A two-compartment model with first-order elim-
ination and first-order formation best described AC886
concentrations. The IV of quizartinib and AC886 PK was
large in AML patients, as shown by a CV of 44% for F,
and 74% for CLcggs-

The total exposure to quizartinib and AC886 in both
newly diagnosed and R/R AML patients was approxi-
mately 40% lower compared to the non-AML population
(Figure 4c). The reasons for this difference are unclear
but could be due to changes in drug absorption in AML
patients.

The PK of quizartinib in newly diagnosed AML pa-
tients were found to vary across treatment phases. The
ratio of quizartinib steady-state exposure between R/R
versus newly diagnosed AML patients was 0.58 (95% CI
0.54-0.62) during the induction phase, and it increased to
1.42 (95% CI 1.31-1.51) during continuation (Figure 4a).
A VPC performed excluding patients that did not enter
the continuation phase of QUANTUMS-First study (data
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FIGURE 3 Prediction-corrected VPCs for the final quizartinib (a, b) and AC886 (c, d) models in newly diagnosed AML patients
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FIGURE 4 Forest plots illustrating the impact of covariate effects on PK parameters of quizartinib (a), AC886 (b), and on the sum

of quizartinib and AC886 PK parameters (c). The vertical dashed lines indicate the 80%-125% margins relative to the reference subject,
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not shown) confirmed that the effect was due to treat-
ment phase-related factors rather than subject-related
ones. This phase effect on quizartinib exposure in newly
diagnosed AML patients hinders a formal comparison
with R/R AML patients, as it encompasses various un-
derlying factors that vary between phases, such as back-
ground chemotherapy and patient conditions, whereas
R/R AML patients received quizartinib monotherapy.
Nevertheless, it is worth mentioning that, from a PK
standpoint, the treatment phase during which newly
diagnosed patients behaved most similarly to R/R pa-
tients was the consolidation. During this phase, the time
elapsed after the initiation of chemotherapy is compa-
rable between the two AML subpopulations since R/R
patients can be considered as newly diagnosed patients
with induction treatment failure. Moreover, as the treat-
ment phase increases, differences between AML and non-
AML groups taper off. Thus, improving patient conditions
might be one of the determinants of the observed phase
effect. In addition, chemotherapy agents administered
in QUANTUMS-First (cytarabine, daunorubicin, and ida-
rubicin) are not known to inhibit CYP3A or transporters
involved in quizartinib metabolism and disposition (p-
glycoprotein).?®?” Therefore, it is unlikely that the phase
effect is due to PK interactions between quizartinib and
background chemotherapy.

To account for this between-phase variation, a phase
covariate was added on F,;, which allowed for an adequate
description of quizartinib data across all study phases.
As far as AC886 is concerned, an opposite trend was ob-
served, with an underprediction of AC886 concentrations
in the induction phase, adequate prediction in consolida-
tion, and overprediction of observations in the continu-
ation phase (Figure 2c). This spurious finding is due to
the inherent assumption made in parent-metabolite mod-
eling, that effects on parent F,, are proportionally trans-
ferred to the metabolite exposure. In reality, F,, is related
to all metabolic pathways and not only those leading to the
AC886 formation. To counterbalance the carried-over F
effect, a phase covariate was also added on fyg, resulting
in similar AC886 exposures across all treatment phases
(Figure 2d).

The results of the covariate analysis are consistent with
previous findings in R/R AML patients.’* Among the sta-
tistically significant covariates, only the concomitant use
of strong CYP3A inhibitors led to a clinically relevant
effect on quizartinib exposure. This effect was not prop-
agated to AC886, likely as a result of the net effect on its
formation and elimination. Overall, the effect of strong
and moderate CYP3A inhibitors estimated in the present
analysis is in agreement with findings from the DDI study
AC220-015° (Table 1).

ASCPT

In conclusion, population PK models for quizartinib
and AC886 in newly diagnosed AML patients were estab-
lished. Their satisfactory predictive performance was con-
firmed across several data subgroups, including R/R AML
patients, non-AML subjects, and subjects receiving con-
comitant medication with CYP3A inducers and inhibi-
tors of different intensities. Steady-state, dose-normalized
quizartinib exposure was found to be increasing in newly
diagnosed AML patients as they move along induction,
consolidation, and continuation treatment. The coadmin-
istration of strong CYP3A inhibitors had the largest im-
pact on quizartinib exposure.

The established PK models were used for deriving
individual exposure metrics for subsequent exposure-
response analyses. They also informed the clinical
drug development, providing evidence that no dose ad-
justments were necessary for different age, sex, body
weight, or race groups, as reflected in both the US Food
and Drug Administration Prescribing Information® and
the European Medicines Agency Summary of Product
Characteristics.”’ Finally, they confirmed the need to ad-
just the quizartinib dose during concomitant treatment
with strong CYP3A inhibitors.
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