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Abstract

Population pharmacokinetic (PK) and exposure-safety analyses of alisertib were performed in children enrolled in 2 clinical trials: NCT02444884
and NCT01154816. NCT02444884 was a dose-finding study in children with relapsed/refractory solid malignancies (phase 1) or neuroblastomas
(phase 2). Patients received oral alisertib 45 to 100 mg/m2 as powder-in-capsule once daily or twice daily for 7 days in 21-day cycles. Serial blood
samples were collected up to 24 hours after dosing on cycle 1, day 1. NCT01154816 was a phase 2 single-arm study evaluating efficacy in children
with relapsed/refractory solid malignancies or acute leukemias. Patients received alisertib 80 mg/m2 as enteric-coated tablets once daily for 7 days in
21-day cycles. Sparse PK samples were collected up to 8 hours after dosing on cycle 1, day 1. Sources of alisertib PK variability were characterized
and quantified using nonlinear mixed-effects modeling to support dosing recommendations in children and adolescents. A 2-compartment model with
oral absorption described by 3 transit compartments was developed using data from 146 patients. Apparent oral clearance and central distribution
volume were correlated with body surface area across the age range of 2 to 21 years, supporting the use of body surface area–based alisertib dosing in
the pediatric population. The recommended dose of 80 mg/m2 once daily enteric-coated tablets provided similar alisertib exposures across pediatric
age groups and comparable exposure to that in adults receiving 50 mg twice daily (recommended adult dose). Statistically significant relationships
(P < .01) were observed between alisertib exposures and incidence of grade ≥2 stomatitis and febrile neutropenia, consistent with antiproliferative
mechanism-related toxicities.
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Alisertib is a selective small-molecule inhibitor of Au-
rora A kinase that is being developed for the treatment
of hematologic and nonhematologic malignancies.1,2

An Aurora A kinase inhibitor would be expected to
have potential applications across a broad range of
human tumors, given the essential role of mitosis in
tumor proliferation.3–7 Indeed, alisertib has demon-
strated activity against a broad range of tumors in vitro
and in vivo.3,4,8–12 Alisertib is also expected to be toxic
to bone marrow and gastrointestinal epithelium, where
Aurora A kinase is expressed and active.13

The antitumor activity of alisertib has also been
studied in multiple nonclinical models of pediatric
cancers under the National Cancer Institute’s
Pediatric Preclinical Testing Program.14,15 Significant
antitumor activity was observed in multiple solid-
tumor (neuroblastoma, Wilms tumor, rhabdoid tumor,
rhabdomyosarcoma, Ewing sarcoma, osteosarcoma,
and medulloblastoma) and acute lymphoblastic
leukemia xenograft models. Combination effects have
also been observed with alisertib and standard-of-care
agents in nonclinical models of pediatric leukemia,
medulloblastoma, and neuroblastoma.16,17

Alisertib is a weak acid and demonstrates pH-
dependent solubility. Coadministration of gastric acid–
reducing agents, such as esomeprazole, increased
alisertib systemic exposure by ≈30% in adult cancer
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patients following administration of alisertib as enteric-
coated tablets.18 Results from a mass balance study
in adult patients with advanced solid tumors indi-
cated that alisertib was predominantly cleared via hep-
atic metabolism. Renal excretion accounted for <3%
of apparent total clearance.19 Subsequent metabolite
profiling of excreta indicated that phase 1 oxidative
metabolism pathways were involved in >68% of alis-
ertib metabolism.20 In vitro cytochrome P450 (CYP)
reaction phenotyping studies indicated that CYP3A4,
with 86% contribution, was the major enzyme involved
in oxidative metabolism of alisertib.20 Alisertib ex-
posure increased by ≈40% in the presence of itra-
conazole, a strong CYP3A/P-glycoprotein inhibitor,
and decreased by 50% in the presence of rifampin, a
strong CYP3A inducer, based on drug-drug interaction
studies in adult patients with advanced solid tumors.18

Adult patients with moderate or severe hepatic impair-
ment have ≈150% higher unbound alisertib exposures
comparedwith patients with normal hepatic function.21

A population pharmacokinetic (PK) analysis was
performed on data from 671 adult patients with cancer
in Western countries and in Japan/East Asia over a
wide dose range andmultiple dosing schedules. The PK
of alisertib was described by a 2-compartment model
with 4-transit compartment absorption and linear elim-
ination. The final model included a covariate effect of
region on relative oral bioavailability of alisertib, with
adult patients in the EastAsian region estimated to have
≈50% higher bioavailability compared with Western
patients.13 Mild hepatic impairment (total bilirubin
≤1.5× the upper limit of normal) andmild ormoderate
renal impairment (creatinine clearance ≤30 mL/min)
did not result in clinically relevant effects on alisertib
PK.13

This article describes a population PK analysis of
data from 2 studies in pediatric patients with cancer.
The aims of this analysis are to describe the PK of alis-
ertib in the pediatric population, to assess the influence
of relevant covariates on its PK, and to evaluate the
relationship between alisertib exposure and key safety
outcomes.

Methods
Study Design
Two clinical studies were conducted by the
National Cancer Institute Cooperative Group, the
Children’s Oncology Group: studies ADVL0812
(NCT02444884)22 and ADVL0921 (NCT01154816).23

The final protocol, any amendments, and informed
consent documents were reviewed and approved by
the institutional review board or research ethics board
at each of the participating Children’s Oncology
Group institutions (see Supplemental appendix for

list of study centers). Both studies were conducted
in accordance with the protocol, Declaration of
Helsinki, International Conference on Harmonisation
Good Clinical Practice guideline, and applicable local
regulations.

Study ADVL081222 was a single-agent, dose-finding
study in children and adolescents with relapsed or
refractory solid tumors (phase 1) or neuroblastomas
(phase 2). The phase 1 used a rolling-6 design, which
has been described previously.22,24 In summary, patients
in both phases received alisertib orally (as powder-in-
capsules) either once daily or twice daily on days 1 to
7 of a 21-day cycle. Alisertib dose regimens in phase
1 included 45, 60, 80, and 100 mg/m2 once daily, and
30 and 40 mg/m2 twice daily. In phase 2, all patients
received alisertib 80 mg/m2 once daily.

Study ADVL092123 was a phase 2, single-arm,
single-agent study in pediatric patients with relapsed or
refractory solid malignancies or acute leukemias (acute
lymphoblastic leukemia and acute myeloid leukemia).
All patients received alisertib orally (as enteric-coated
tablets), 80 mg/m2 once daily on days 1 to 7 of a 21-day
cycle.

Patients
In both studies, patients were aged >12 months and
≤21 years. Written informed consent was obtained
from the patients (or their parents/guardians if they
were children) before participation in the studies.
Patients were required to have histologic verification
of malignancy at original diagnosis or relapse (except
for certain solid tumors in ADVL081222), and a
Karnofsky (for patients >16 years) or Lansky (for
patients ≤16 years) performance status score of ≥50,
and must have fully recovered from the acute toxic
effects of all prior chemotherapy, immunotherapy,
or radiotherapy. Adequate bone marrow, renal, and
hepatic function were also required. Exclusion criteria
included uncontrolled infection, pregnancy/lactation,
concurrent use of other anticancer agents, growth
factors, investigational drugs, certain P-glycoprotein
substrates, and daily benzodiazepines.

Assessments
In both studies, blood samples for plasma PK analysis
were collected before dosing on days 1, 4(±1), and
7(±1) of cycle 1. In ADVL0812, additional samples
were collected on cycle 1, day 1 at 0.5, 1, 2, 3, 4, 6 to
8, and 24 hours after dosing in patients ≥10 kg, and
at 1, 2, 4, 6 to 8, and 24 hours after dosing in patients
<10 kg.22 In study ADVL0921, 3 additional samples
were collected on cycle 1, day 1, at 1 to 2, 3 to 4, and
6 to 8 hours.23 Plasma concentrations of alisertib were
measured using a previously published validated liq-
uid chromatography–tandem mass spectrometry assay,
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with a lower limit of quantification of 10 nmol/L.25 The
intraday precision based on the standard deviation of
replicates of quality control samples ranged from 0.2%
to 4% and with accuracy ranging from 96% to 102%.
The interday precision ranged from 0.5% to 7% and the
accuracy ranged from 93% to 105%.

Adverse events were recorded throughout each study
and grades were assigned using the National Cancer
Institute Common Terminology Criteria for Adverse
Events version 4.0.

Population PK Modeling
Population modeling used NONMEM version 7.3
(Icon Development Solutions, Dublin, Ireland) with
Intel Visual Fortran Intel 64 Compiler XE, version
12.0.0.104, build 20101006 (Santa Clara, California).
SAS version 9.4 (SAS Institute Inc, Cary, North
Carolina) was used for most graphical outputs and
data manipulation. The population PK profile of
alisertib was modeled extensively in a previous analysis
of data from adult patients with cancer and was
described by a linear, 2-compartment model with
transit absorption over the 5 to 200 mg/d range.13 This
information was used as a starting point for structural
model development in the analysis in pediatric patients.
One-, 2-, and 3-compartment linear models with first-
order absorption defined by a rate constant and an
absorption lag, or by a series of transit compartments,
were examined to ensure that the current data set both
supported and was best reflected by a 2-compartment
model with transit absorption. The 2 pediatric studies
used different alisertib formulations (powder-in-
capsules and enteric-coated tablets). Although the data
in adults and the population PKmodel did not indicate
a discernible difference in bioavailability between these
2 formulations,2,26 the relative bioavailability of the
capsule and tablet has not been characterized in the
pediatric population. Therefore, a potential difference
in bioavailability of these 2 formulations in the pediatric
population was evaluated in the base model and
carried forward as an intrinsic aspect of alisertib
pediatric PK.

Models were selected on the basis of goodness of
fit as judged by changes in the minimum objective
function. The likelihood ratio test was used to com-
pare nested covariate models to base models with
significance levels of P = .01 for forward addition of
covariates, and P = .001 for backward deletion of co-
variates. The addition of parameters and covariates was
also assessed by their ability to reduce interindividual
variability terms.

Age, weight, body surface area (BSA), race, eth-
nicity, sex, and drug formulation were assessed as
predictors of PK variability using a standard forward
addition (P < .01), backward elimination (P < .001)

strategy. The choice of the final covariate model was
based on models that had a statistically significant
improvement in the objective function value, passed
the covariance step and had a condition number <20
(computed as the square root of the ratio of the
largest to smallest eigenvalue), had precise estimates
of the covariate parameter (asymptotic standard error
<51.2%), and reduced the between-subject variability
(BSV) of the associated population parameters to a
clinically important extent (>5% reduction in BSV).

Base, full, and final models were evaluated using
standard goodness-of-fit diagnostic plots and visual
predictive checks against the evaluation data set. The
final population model was used to simulate 200 ver-
sions of the analysis data set based on final parame-
ter values including residual variability. The alisertib
concentration-time course for the observed data, to-
gether with the median and 90% prediction intervals
of the simulated concentrations, were plotted by dose
regimen. When sparse sampling resulted in too few
observations for a visual predictive check to be in-
formative, data were pooled by dividing concentration
by dose, which allowed data from all subjects to be
combined. The predictive performance of the model
was considered acceptable if the time course of the
median simulated and observed data were similar, with
no important systematic deviations, and the majority
of the original data points lay inside the prediction
intervals.

The primary method for determining the confidence
intervals (CIs) of the model parameters was by use
of the asymptotic standard errors returned by the
covariance step of NONMEM. Nonparametric boot-
strapping (N = 1000) was also used as a secondary
check of precision of parameter estimates.

Simulations were conducted and typical value and
empirical Bayes prediction of the interindividual ran-
dom effect (eta)-corrected post hoc apparent clearance
(CL/F) values were used to estimate the area under
the concentration–time curve (AUC) at steady state
(AUCss) for patients in the pediatric and adult popu-
lation data sets based on the respective population PK
models. Doses and dose regimens used in clinical trials
in children and adults26–29 were evaluated for exposure
similarity at the respective maximum tolerated doses
across the patient populations.

An external validation of the model was conducted
by using the final model to predict adult alisertib PK
data from a number of studies.

The final model was used to evaluate 80 mg/m2

administered once daily in children and adolescents,
which is the maximum tolerated dose and recom-
mended phase 2 dose for alisertib in this patient pop-
ulation. Alisertib exposure in children and adolescents
at 80 mg/m2 once daily was further evaluated in relation
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to exposure in adult patients at 50 mg twice daily
(the recommended clinical dose of alisertib in adult
patients).2

Exposure-Safety Analysis
The relationship between alisertib exposure and safety
outcomes was evaluated across trials ADVL081222 and
ADVL092123 in children and adolescents.

The following adverse events (toxicity end points)
were selected on the basis that they were representative
of the key adverse events involving the mechanism
of action of alisertib (ie, the effect on proliferative
tissues): grade≥2 stomatitis, grade≥2 neutrophil count
decreased, grade ≥2 febrile neutropenia, grade ≥2
anemia, and grade ≥2 adverse events in the infections
and infestations system organ class.

The average concentration of alisertib at steady
state (Css,avg) was used as the exposure metric and was
calculated using the following equation:

Css,avg (μM) = Dose (mg) ∗1000
CL/F (L/h) ∗518.92∗tau

Tau represents the alisertib dosing interval (12 hours
for twice-daily dosing and 24 hours for once-daily
dosing). Dose was the administered starting dose (mg)
of alisertib. The CL/F for each individual patient was
estimated from the population PK analysis considering
the formulation administered and the relative bioavail-
ability if estimated as significantly different from 1.0
in the model. A relative bioavailability of 0.671 for
alisertib enteric-coated tablet in reference to the capsule
in the pediatric populationwas estimated by population
PK analysis on the basis of data from these 2 studies.
The molecular weight of alisertib is 518.92 g/mol.

Exposure–adverse event relationships for the toxicity
endpoints were estimated by logistic regression. Age,
sex, performance score, number of prior therapy reg-
imens, cancer type, and number of treatment cycles
while on study were explored as covariates.

Results
Data from 146 patients with a total of 606 alisertib
concentration records contributed to the population
PK and exposure-response analyses. Of the 146 evalu-
able patients, 77 were aged 2 to 11 years, 40 were
aged 12 to 16 years, and 29 were aged 17 to 21 years.
A summary of continuous and categorical covariates
(baseline characteristics) is presented in Table 1.

Population PK Analysis
Alisertib PK in children and adolescents was
best described by a linear, 2-compartment model,
parameterized for CL/F, apparent central (V1/F),
and peripheral volumes of distribution, and apparent

intercompartment clearance. Oral absorption was best
described with 3 transit compartments expressed via
an absorption transit rate constant. The final model is
illustrated in Figure S1, and the final model parameters
are presented in Table 2. The final model evaluation
showed that the precision of the parameter estimates
and the residual variability were acceptable. Inclusion
of the covariate effects decreased the BSV for CL/F
and V1/F in the final model. Bootstrap runs were
performed to estimate the 95%CI of the parameters.
Overall, mean values were generally in the center of the
95%CI of the parameters (data not shown).

Covariate effects noted in the base model were
resolved in the final model. Body size was identified
as the significant predictor of CL/F and V1/F BSV.
While bodyweight was identified as themost significant
predictor in terms of objective function changes, BSA
provided comparable results based on all goodness-of-
fit criteria (Figure 1). Because current alisertib dosing
regimens adjust for BSA (mg/m2) in children and
adolescents with cancer, BSA was carried forward in
the final model in this analysis. When BSA-normalized
CL/F is plotted against age group, the dependence of
age on alisertib CL/F is no longer readily apparent
(Figure 2). The distributions of BSA-normalized CL/F
values substantially overlap across the age groups,
supporting the adequacy of BSA-based dosing in nor-
malizing exposures over the≥2-year pediatric age range
(Table S1).

The bioavailability of the enteric-coated tablet for-
mulation relative to powder-in-capsule was significantly
different: 68% (bootstrap 90%CI, 55%-86%) relative
bioavailability of enteric-coated tablet vs powder-in-
capsule in pediatric patients (Figure 3). Results of sim-
ulations from the model are presented for the enteric-
coated tablet formulation, as this is the formulation of
alisertib used in ongoing pediatric clinical trials.

An external validation was conducted by using the
final model to predict alisertib PK in adult patients.
Visual predictive checks (Figure 4) demonstrated good
reproducibility of the analysis data set and of the exter-
nal validation data set in adults (Figure 4), suggesting
that the model can be used to derive exposure metrics
in support of alisertib pediatric dose selection.

An 80 mg/m2 once-daily (the recommended phase 2
dose for alisertib in children and adolescents) dosing
regimen of the enteric-coated tablet formulation pro-
vided approximately comparable exposure to that in
adults receiving 50 mg twice daily (ie, 100 mg/d, rec-
ommended clinical dose of alisertib for adult patients;
Figure 5).

Exposure-Safety Analysis
The incidences of each of the selected adverse events
are presented in Table S2. The incidence of grade ≥2
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Table 1. Summary of the Population PK and Exposure-Safety Analysis Data Set and Distributions of Continuous and Categorical Covariates

Statistic
ADVL0812
N = 46

ADVL0921
N = 100

Total
N = 146

Population PK
Dose, mg/m2 45, 60, 80, 100 80
Dose, mg 25-150 40-160
Continuous covariates

Age, y Mean (range) 10.7 (4-21) 11.3 (2-21) 11.1 (2-21)
Weight, kg Mean (SD) 39.5 (21.19) 42.9 (25.98) 41.9 (24.55)
BSA, m2 Mean (SD) 1.22 (0.41) 1.26 (0.48) 1.25 (0.46)
Dose, mg Mean (SD) 76.5 (32.74) 99.4 (36.3) 92.2 (36.7)

Categorical covariates
Male 25 54 79

Race
White n 31 58 89
Black n 8 16 24
Asian n 2 4 6
Other/unknown n 5 22 27

Ethnicity
Non-Spanish/non-Hispanic n 41 69 110
Mexican n 1 4 5
Puerto Rican n 1 2 3
Spanish/Hispanic n 1 18 6
Unknown n 2 7 9

Formulation
Capsule n 46 0 46
Enteric-coated tablet n 0 100 100

Exposure-safety
Age

2 to ≤12 years 30 55 85
12 to ≤16 years 10 22 32
>16 years 6 23 29

ECOG performance score
0 27 64 91
>0 19 36 55

Number of prior therapy regimens
≤1 2 60 62
≥2 44 40 84

Cancer type
Hematologic 0 19 19
Nonhematologic 46 81 127

Number of treatment cycles while
on study
1 26 59 85
≥2 20 41 61

BSA, body surface area; ECOG, Eastern Cooperative Oncology Group; SD, standard deviation.

Table 2. Final Model Parameters for the Pediatric Population PK Model of Alisertib in Patients With Advanced Malignancies

Code Parameter Unit
Population

value
SE,
%

BSV
(ratio)

SE,
%

Eta shrinkage,
%

CL/F Apparent clearance L/h 1.84 12.0 0.581a 11.5 16.6
V1/F Apparent central volume L 24.1 14.4 0.699a 20.7 39.1
Q/F Apparent intercompartment clearance L/h 2.66 19.2 … … …
V2/F Apparent peripheral volume L 32.3 20.2 0.932 21.0 62.6
Ktr Transit compartment rate constant 1/h 2.35 9.7 0.540 8.3 42.1
FECT Enteric coated tablet relative bioavailability % 67.1 12.5 … … …
BSAV1 Effect of body surface area on V1/F … 1.47 22.2 … … …
BSACL Effect of body surface area on CL/F … 0.742 19.5 … … …
CCV Proportional residual error Ratio 0.59 6.8 … … …

BSV, between-subject variability; eta, empirical Bayes estimate of the interindividual random effect; SE, standard error.
a
CL/F–V1/F BSV correlation: 0.583.
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Figure 1. BSA covariate effect in the final model. BSA, body surface area; BSV, between subject variability; eta, empirical Bayes prediction of the
interindividual random effect.

neutrophil count decreased, grade ≥2 anemia, grade
≥2 stomatitis, and febrile neutropenia in the safety
population are 65%, 54%, 31%, and 20%, respectively.
A statistically significant (P = .0002) relationship
between alisertib Css,avg and the incidence of grade
≥2 stomatitis was observed. The logistic regression
fitted model and 95%CI are shown in Figure 6A. Age,
sex, performance score, number of prior therapies,
cancer types, and number of treatment cycles were
evaluated as covariates, and none were identified
as a statistically significant predictor. Based on this
estimated relationship, at the geometric mean alisertib
Css,avg of 2.218 μM at 80 mg/m2 (enteric-coated
tablet formulation), the predicted probability of grade

≥2 stomatitis was 0.159 (95%CI, 0.092-0.260). The
corresponding estimate for the level −1 reduced dose
of 60 mg/m2 (enteric-coated tablet) with alisertib Css,avg

of 1.66 μM was 0.143 (95%CI, 0.079-0.247).
A statistically significant (P = .01) relationship

between alisertib Css,avg and the incidence of febrile
neutropenia was observed. The logistic regression-fitted
model and 95%CI are shown in Figure 6B. Based on
this estimated relationship, at the geometricmeanCss,avg

of 2.218 μM at 80 mg/m2 (enteric-coated tablet formu-
lation), the predicted probability of febrile neutropenia
was 0.131 (95%CI, 0.073-0.224). The corresponding
estimate for the level −1 reduced dose of 60 mg/m2

(enteric-coated tablet) was 0.122 (95%CI, 0.065-0.219).
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Age, sex, performance score, number of prior therapies,
cancer types, and number of treatment cycles were
evaluated as covariates. The cancer type (solid tumor
vs leukemia) was identified as a statistically significant
predictor (P < .0001). The relationship between the in-
cidence of febrile neutropenia andCss,avg was significant
in patients with solid tumors (P = .01) but did not
reach statistical significance (P = .36) in patients with
leukemia. However, the sample size of patients with
leukemia was small (n = 19, which represents only 13%
of the evaluable data set). Therefore, the results of this
covariate analysis should be interpreted with caution.
Accordingly, the results shown in Figure 6B are for the
base model (ie, the overall population).

No statistically significant relationships were ob-
served between alisertib Css,avg and the incidence of
grade ≥2 neutrophil count decreased (P = .79), grade
≥2 anemia (P = .32), or grade ≥2 infections and
infestations system organ class events (P = .27).

Discussion
This study aimed to develop a population PK model
to characterize the sources of variability and assess
whether the BSA-based dosing of alisertib is an ap-
propriate posology in children and adolescents with
cancer aged 2 to 21 years based on data from stud-
ies ADVL0812 and ADVL0921. The PK of alisertib
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was found to be best described by a 2-compartment
model with 3 transit absorption compartments and a
proportional residual error. A series of transit com-
partments with a single rate constant was considered
more parsimonious than a lag time followed by the
first-order rate constant to explain an absorption delay
suggested by the data. A series of transit compartments
with a single rate constant also resulted in more con-
sistent convergence and alignment with the approach
used in the alisertib population PK analysis in adult
patients.13

BSA-normalized CL/F was similar across all ages,
supporting BSA-based dosing of alisertib in children
and adolescents with cancer. In adults, CL/F of alis-
ertib was not affected by BSA over the range of
BSA examined (1.34-3.28 m2) (Table S3).13 There is
no discrepancy between the 2 models, however, be-
cause the influence of BSA on clearance appears to
plateau in the pediatric population at the upper range
of age and size. This is further supported by the
good reproducibility between analysis data sets using
pediatric data and external validation datasets with
alisertib PKdata fromadults. The identification of BSA
effect on CL/F is likely explainable by an underlying
allometric relationship in the pediatric setting. BSA
was evaluated for adequacy as a covariate on CL/F to

enable relating the administered BSA-based doses to
systemic exposure. As the patient population in this
data set comprised pediatric patients of age >2 years,
maturation of metabolic clearance mechanisms is to be
expected in this analysis population, such that the BSA
effect on CL/F is explainable by allometric rationale
(ie, larger liver size and metabolic clearance capacity in
patients with larger BSA).

Individual PK parameter values support BSA-based
dosing as a fit-for-purpose posology in approximately
normalizing total systemic exposures of alisertib in chil-
dren and adolescents. Children and adolescent patients
receiving the recommended dose (80 mg/m2 once daily
of the enteric-coated tablet)22,23 produced a similar
alisertib exposure to adults administered 50 mg twice
daily (the maximum tolerated dose/recommended dose
for clinical evaluation in adults),26–29 indicating that
80 mg/m2 once daily achieves pharmacologically active
systemic exposures of alisertib in children and adoles-
cent patients. These alisertib systemic exposures have
been previously characterized to be associated with Au-
roraA kinase inhibition evidenced by decreases in chro-
mosome alignment and spindle bipolarity in mitotic
tumor cells based on exposure-pharmacodynamics re-
lationships in adults, based on tumor biopsies assessed
in the adult phase 1 studies.2,27 Consistent with what
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Figure 6. Logistic regression fitted model and 95% confidence intervals for (A) grade ≥2 stomatitis and (B) febrile neutropenia. Circles represent
observed incidence in each tertile of alisertib average concentration. Logistic regression model was used to estimate adverse event incidence of clinical
interest with alisertib average concentration as a predictor (base model). The covariate effects that may potentially modulate the exposure–safety
relationship were examined in a full model via a stepwise procedure,where a covariate was entered into the model if it was significant at the 10% level.
A covariate remained in the model at the backward elimination step when the covariate was significant at the 5% level. The covariates considered
in the full model include age (2 to ≤12 years,>12 to ≤16 years,>16 years), sex (male, female), Eastern Cooperative Oncology Group performance
score (0,>0), number of prior therapy regimens (≤1,≥2), cancer type (hematologic, nonhematologic) and number of treatment cycles while on study
(1,≥2). For the adverse event end point “grade ≥2 stomatitis” (A) the full model is reduced to the base model after the stepwise selection procedure.
For the adverse event end point “febrile neutropenia” (B), the full model with stepwise selection identified that the covariate of “cancer type” is
significant. As the sample size of patients with hematologic malignancies was small (n = 19; 13% of the evaluable data set), the relationship between
exposure and probability of febrile neutropenia for the base model is shown here.
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was observed in adult patients, tumor types (solid
tumors vs hematologic malignancies) did not impact
alisertib apparent oral clearance (Figure S2).

Visual predictive checks of the time course of dose-
normalized alisertib concentrations showed an accept-
able agreement between observed and model simulated
concentrations, suggesting the model can be used to
derive exposure metrics in support of alisertib dose
selection in children and adolescents. Simulations sup-
ported conclusion of similar alisertib exposure for
children and adolescents administered 80 mg/m2 once
daily as enteric-coated tablet and adults administered a
fixed 50 mg twice-daily dose.

Formulation had a significant effect on the
bioavailability of alisertib in this study: the enteric-
coated tablet was estimated to have 68% relative
bioavailability compared with powder-in-capsule in
pediatric patients. This result, however, should be
interpreted cautiously as each formulation was used ex-
clusively in 1 study (powder-in-capsule in ADVL081222

and enteric-coated tablet in ADVL092123). As alisertib
demonstrates pH-dependent solubility, factors such
as gastric pH and emptying time, intestinal transit
time, immaturity of secretion, and activity of bile
and pancreatic fluid, among other factors, may have
contributed to influencing oral bioavailability in
pediatric patients following administration as an
enteric-coated formulation.30 In addition, difference
in sampling schemes and, to some extent, patient
populations may also contribute to the observed
difference in bioavailability.

The subsequent exposure-safety analysis explored
the relationship between alisertib exposures (Css,avg)
after administration of alisertib at doses of 45 to 100
mg/m2/d (7 days of dosing in 21-day treatment cycles)
and clinical safety end points in children and adoles-
cents using logistic regression. Statistically significant
relationships between alisertib systemic exposures
(ie, Css,avg) and the incidence of grade ≥2 stomatitis
and febrile neutropenia were identified. The predicted
probability of grade ≥2 stomatitis in pediatric patients
receiving 80 mg/m2 once-daily alisertib as enteric-
coated tablet was 0.159 (95%CI, 0.092-0.260), which
was comparable to an observed incidence of grade
≥2 stomatitis of 21% (Takeda data on file) in a phase
3 randomized trial in which adult patients received
alisertib 50 mg twice daily (n = 138).31 These findings
were consistent with alisertib’s antiproliferative effects,
resulting from itsmechanismof action as an antimitotic
agent.14,26 Based on a previously published alisertib
exposure-safety analysis in adult patients,2 adverse
events such as neutropenia, febrile neutropenia, and
stomatitis were associated with alisertib steady-state
systemic exposures (AUCss), which were translated to
Css,avg (AUCss/τ ). Off-target central nervous system
adverse events (eg, somnolence) experienced in adults,

potentially from reversible binding of the
benzodiazepine-like portion of alisertib molecule
to central γ -aminobutyric acid receptors were better
predicted by the peak plasma concentration of alisertib.
While somnolence was not an adverse event of concern
in the pediatric population, twice-daily dosing resulted
in greater myelosuppression and hand-foot syndrome
based on clinical evaluation during the phase 1 trial.22

Accordingly, this regimen was not evaluated further
and the vast majority of available pediatric data
are from the QD regimen which was selected as the
recommended phase 2 dosing regimen and schedule.
Only 12 pediatric patients in this dataset received the
twice-daily regimen. Accordingly, given the expected
high correlation between peak plasma concentration,
AUC, and minimum plasma concentration, alternate
exposure metrics beyond Css,avg were not evaluated in
the exposure-safety analysis. It should thus be noted
that the exposure-safety relationships evaluated in
this analysis using AUC as the predictor are largely
empirical and cannot be used to extrapolate across
regimens and are only to be used to contextualize the
expected safety profile with once-daily dosing on the
studied dosing schedule.

Analyses of alisertib exposure-efficacy relationships
were not performed in pediatric patients, mainly
because of a lack of sufficient efficacy data. The phase
1 dose-finding study enrolled patients with advanced
solid tumors across many different tumor types. Only 1
of 33 response-evaluable patients achieved an objective
response (best response of partial response).22 The
phase 2 study enrolled patients across 12 types of
hematologic and nonhematologic malignancies. Only
5 of the 137 response-evaluable patients across all
12 tumor types achieved a response (best response
of complete or partial response).23 The sample sizes
for each type of cancer were too small to perform
meaningful exposure-efficacy analyses.

Conclusions
In patients aged 2 to 21 years, the PK of alisertib
was best described as a 2-compartment model with
oral absorption described by 3 transit compartments.
CL/F and V1/F were correlated with BSA, supporting
the use of BSA-adjusted dosing in the children and
adolescent patient population. An 80 mg/m2 once-daily
dosing regimen in pediatric patients provided exposure
approximately similar across this pediatric population,
and similar to that in adults receiving 50 mg twice daily,
indicating that 80 mg/m2 once daily achieves pharma-
cologically active systemic exposures of alisertib in
children and adolescents. A statistically significant
relationship was observed between alisertib Css,avg and
the incidence of grade ≥2 stomatitis. In patients with
solid tumors, the relationship between the incidence
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of febrile neutropenia and alisertib exposures was also
significant. These findings were consistent with alis-
ertib’s mechanism-related antiproliferative toxicities.
Taken together, the results of these population analyses
on alisertib provide a valuable quantitative framework
to support pharmacologic contextualization of the
dosing regimens of this investigational Aurora A
kinase inhibitor for pediatric clinical development.
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