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Abstract

Selumetinib (ARRY-142886), an oral, potent and highly selective allosteric mitogen-activated protein kinase kinase |/2 inhibitor, is approved by the US
Food and Drug Administration for the treatment of pediatric patients aged >2 years with neurofibromatosis type | with symptomatic, inoperable
plexiform neurofibromas. A physiologically based pharmacokinetic (PBPK) model was constructed to predict plasma concentration—-time profiles of
selumetinib, and to evaluate the impact of coadministering moderate cytochrome P450 (CYP) 3A4/2CI9 inhibitors/inducers. The model was also
used to extrapolate pharmacokinetic exposures from older children with different body surface area to guide dosing in younger children. This model
was built based on physiochemical data and clinical in vivo drug-drug interaction (DDI) studies with itraconazole and fluconazole, and verified against
data from an in vivo rifampicin DDI study and an absolute bioavailability study. The pediatric model was updated by changing system-specific input
parameters using the Simcyp pediatric module. The model captured the observed selumetinib pharmacokinetic profiles and the interactions with CYP
inhibitors/inducers. The predictions from the PBPK model showed a DDI effect of 30% to 40% increase or decrease in selumetinib exposure when
coadministered with moderate CYP inhibitors or inducers, respectively, which was used to inform dose management and adjustments. The pediatric
PBPK model was applied to simulate exposures in specific body surface area brackets that matched those achieved with a 25 mg/m? dose in SPRINT

clinical trials. The pediatric PBPK model was used to guide the dose for younger patients in a planned pediatric clinical study.
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Selumetinib (ARRY-142886) is an oral, potent, and
highly selective allosteric mitogen-activated protein ki-
nase kinase (MEK) 1/2 inhibitor with a short half-life.'
Selumetinib is approved for the treatment of pediatric
patients aged >2 years, who have neurofibromatosis
type 1 with symptomatic and inoperable plexiform
neurofibromas.’

Selumetinib pharmacokinetics (PK) are compara-
ble in healthy volunteers, adult patients with various
tumors, and pediatric patients with neurofibromatosis
type 1.>° In adults, absorption is rapid with a time
to reach maximum plasma concentration (Cp,x) of
approximately 1.0 to 1.6 hours and terminal elimination
half-life of 5.0 to 9.0 hours.*®7 The selumetinib PK
profile is approximately dose proportional from 25 mg
up to 100 mg in adult patients with cancer and 25 to
75 mg in healthy volunteers.*®® A 75-mg dose has been
established as the maximum tolerated dose in adults
with solid tumors. In the pediatric SPRINT phase 1
study, 20, 25, and 30 mg/m’ twice-daily dose levels
were evaluated for safety, and 25 mg/m?” was established
as the maximum tolerated dose.” In pediatric patients,
following a single oral dose, selumetinib was rapidly

absorbed with a median time to reach Cy,,x of ~1 hour
and terminal elimination half-life of ~6 hours.’
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In vitro, selumetinib undergoes phase 1 metabolism
including oxidation of the side chain, N-demethylation,
and loss of the side chain to form amide and acid
metabolites.>”!? The isoform predominantly responsi-
ble for selumetinib oxidative metabolism is cytochrome
P450 (CYP) 3A4, while CYP2C19, CYP1A2, CYP2C9,
CYP2E1, and CYP3AS5 are involved to a lesser
extent.>? In vitro studies indicate that selumetinib
also undergoes direct phase 2 metabolic reactions to
form glucuronide conjugates principally involving the
enzymes uridine 5'-diphospho-glucuronosyltransferase
(UGT) family member 1 Al and UGT1A3.> Glu-
curonidation is a significant route of elimination for
selumetinib phase 1 metabolites involving several UGT
isoforms.>” Based on in vitro studies, selumetinib and
N-desmethyl selumetinib are unlikely to contribute
to clinically relevant drug interactions with CYP or
transporter substrates.’

Assessment of the potential for a drug as a perpe-
trator or victim of drug-drug interactions (DDIs) is a
standard element of the drug development process.' 12
A recent analysis showed that inhibition and induction
of CYP3A explained most of the drug interactions
involving recently approved drugs.'> As selumetinib
is metabolized by CYP3A, it is clinically important
to evaluate the potential for PK-based DDIs when it
is administered with strong CYP3A inhibitors, such
as itraconazole, and strong CYP3A inducers, such as
rifampicin.'* Data from such DDI studies provide in-
sight into the potential for interaction with a wide range
of potential inhibitors and inducers. Drugs consid-
ered in the development and verification of the model
described in this article include, in addition to itra-
conazole and rifampicin, fluconazole, erythromycin,
diltiazem, fluoxetine, and efavirenz, all of which are
commonly used in real-world clinical practice.

In this analysis, the physiologically based pharma-
cokinetic (PBPK) model development and verification
based on results from the clinical DDI studies and in
vitro data, to characterize the PK of selumetinib and its
interaction with CYP inhibitors/inducers, is presented.
The application of the model to predict the potential
impact of selumetinib PK when coadministered with
moderate CYP3A and CYP2C19 inhibitors as well as
moderate and weak CYP3A inducers is also discussed.
Furthermore, we discuss the use of the model to sup-
port dose recommendations for selumetinib in younger
children.

Methods

All studies were conducted in accordance with the Dec-
laration of Helsinki and the International Conference
on Harmonization/Good Clinical Practice. The final
protocol and informed consent form were approved

by the institutional review boards at the respective
study sites. Informed consent was obtained from all
volunteers before any study procedures were conducted.

The quantitative mass balance diagram of selume-
tinib is depicted in Figure 1. The overall modeling
strategy is shown in Figure 2. The PBPK model for
selumetinib was developed using internally generated
physiochemical data and 2 DDI studies,” which were
used to define fraction of metabolism by CYP3A and
CYP2C19, respectively. The model was then verified
with another DDI study (NCT02046850) and an ab-
solute bioavailability clinical study (NCT02238782) to
confirm that the final adult PBPK model could describe
the selumetinib PK profile, as well as potential drug in-
teractions. Finally, the verified final adult PBPK model
was applied to predict the potential impact of coadmin-
istering other CYP3A/CYP2C19 inhibitors/inducers
on the PK of selumetinib in healthy volunteers. The
model was developed in Simcyp software version 17
(Certara, Sheffield, UK).

The first-order absorption model, which treats the
gut as a single compartment associated with a single
first-order absorption rate constant (k,) and fraction
absorbed (f,), was used. The f, and k, were pre-
dicted from the effective permeability derived from
the permeability measured in the Madin-Darby Ca-
nine Kidney II cell system. A minimal PBPK model,
together with a single adjusting compartment (SAC)
was applied to selumetinib. The minimal PBPK model
can be described as a PBPK model that, in its sim-
plest form, has only 4 compartments, predicting the
systemic, portal vein, and liver concentrations. The
SAC is a nonphysiological compartment that permits
adjustment to the drug concentration profile in the
systemic compartment, where all tissues were collapsed
into 1 compartment excluding the liver and portal
vein. Clearance of selumetinib is mainly mediated by
hepatic metabolism with significant contributions from
CYP3A and CYP2C19, and other metabolic pathways,
including UGT, which were grouped together as “the
rest” in the model. The retrograde model was used to
calculate the intrinsic hepatic clearance of selumetinib,
based on information from adult human in vivo oral
clearance values, hepatic uptake factor, and the elimi-
nation pathways involved.

Clinical Studies

Clinical studies were conducted to evaluate the po-
tential DDI for selumetinib as a victim of CYP in-
hibition/induction. More specifically, the impact of
itraconazole (a strong CYP3A inhibitor), fluconazole
(a strong CYP2C19 and moderate CYP3A inhibitor)
and rifampicin (a strong inducer of multiple enzymes
including CYP3A/CYP2C19) on selumetinib exposure
were evaluated (NCT02093728 and NCT02046850).%1
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Figure |. Quantitative mass balance diagram of selumetinib. CL, clearance; CYP, cytochrome P450; UGT, uridine 5'-diphospho-glucuronosyltransferase

family member |I.
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DDI with rifampicin (Study D1532C00085; NCT02046850)
Absolute bioavailability clinical study (Study D1532C00080; NCT02238782)

DDI with erythromycin, diltiazem,
fluoxetine, efavirenz, dexamethasone

Propose dosing regimens for pediatric subjects

at BSA of 0.40 to 0.69 m*

Figure 2. Overall modeling strategy. BSA, body surface area; DDI, drug-drug interaction.

Itraconazole coadministration increased selumetinib
exposure compared to administration of selumetinib
alone with a geometric least-squares mean ratio (90%
confidence interval [CI]) for area under the plasma
concentration—time curve (AUC) of 1.49 (1.40-1.59)
and Cyax of 1.19 (1.04-1.35). Fluconazole coadmin-
istration increased selumetinib exposure compared to
administration of selumetinib alone with a geometric
least-squares mean ratio (90%CI) for AUC of 1.53
(1.44-1.63) and Cyux of 1.26 (1.10-1.43). Coadminis-
tration with rifampicin decreased selumetinib exposure
(AUC was decreased by 51% [90%CI, 47.4-54.1], and

Cmax Was reduced by 26% [90%CI, 16.7-34.1]) com-
pared to administration of selumetinib alone.” In addi-
tion, an absolute bioavailability study (NCT02238782)
of a single oral dose of selumetinib in healthy adult
subjects showed it to be 62% (90%CI, 60.1%-64.1%).1¢

Model Development

The values and sources of all parameters for selume-
tinib are summarized in Table 1. The partition
coefficient, acid dissociation constant, and blood-to-
plasma ratio in the selumetinib model were measured
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Table 1. Input Parameters Used to Simulate the Kinetics of Selumetinib

Parameter Value Reference

MW 457.7 Internal database

logP 3.88 Internal database

Compound type Diprotic base Internal database

pKa 82,27 Internal database

B:P 0.625 0.556-0.7 14, Report KPJ003

fu 0.016 Report KPJ003

MDCK 11, 1076 cm/s 377 Report KMN036

Peftman, x 107 cmls 4.82 Predicted

Q,l/h 8 Population PK model predicted

Vs, Likg 1.37 Predicted (Method 2: after Rodgers and Rowland'?)

Viac, Likg | Estimated based on observed C,.x and PK profile (Study NCT02093728)
CYP3A ClLiy, uL/min/pmol 0.568 Retrograde: CL,, = 19.6 L/h (pooled CL/F from 9 studies), f, = 25%
CYP2C19 CLint, uL/min/pmol 3.335 Retrograde: CL,, = 19.6 L/h (pooled CL/F from 9 studies), f, = 15%
Additional liver HLM, pL/min/mg 186.8 Retrograde: CL,, = 19.6 L/h (pooled CL/F from 9 studies)

B:P, blood-to-plasma ratio; CL/F, clearance/bioavailability = oral clearance; CLiy, intrinsic clearance; CL,,, oral clearance; Cnay, maximum plasma concentration; f,,
fraction metabolized;f,, unbound fraction in plasma; HLM, human liver microsome; logP, partition coefficient; MDCK, Madin-Darby Canine Kidney; MW, molecular
weight; Pegrman, human intestinal effective permeability; PK, pharmacokinetic; pKa, acid dissociation constant (logarithmic scale); Q, intercompartmental clearance;
Viac, Volume of single adjusting compartment; Vs, volume of distribution at steady state.

experimentally and reported in the internal database.
With respect to the extent of plasma protein bind-
ing, the fraction unbound was set at 0.016 based on
experimental observations.” The Madin-Darby Canine
Kidney II permeability measurement in the study re-
port KMNO036 was used to predict human intestinal
effective permeability, f,, k,, and nominal flow through
the gut. The volume of distribution at steady state
value of 1.37 L/kg was predicted by the Rodgers and
Rowland Method within Simcyp.!” A minimal PBPK
model with a SAC (intercompartmental clearance = 8
L/h; volume of SAC = 1 L/kg) was applied to capture
the distribution phase of selumetinib.

The average oral clearance of 19.6 L/h pooled from
9 clinical studies (NCT01635023, NCT01974349,
NCT02056392,  NCT02322749, NCT02238782,
NCT02063204, NCT02063230, NCT02093728, and
NCT02046850) was applied to define metabolic
clearance of selumetinib with the retrograde method
(a built-in feature of Simcyp). The percentages of
selumetinib metabolized (fraction metabolized, f,)
by CYP3A and CYP2C19 were assigned at 25% and
15%, according to a DDI study with itraconazole
and fluconazole, respectively.” Therefore, the intrinsic
clearance values of 0.568 and 3.335 pL/min/pmol were
estimated for CYP3A and CYP2CI19, respectively. The
rest of the metabolism/elimination was estimated as
additional human liver microsome clearance (186.8
uL/min/mg). Renal elimination was minor elimination
pathway of selumetinib (<1% of dose eliminated
as unchanged in urine) and was ignored in this
analysis.

In the simulations for model development, age and
sex were matched with the demographic information

reported in the corresponding clinical studies. The
dosing regimens were consistent with the actual clinical
trial designs.

In the model development procedure, 2 sets of 10 vir-
tual trials were simulated in which 10 healthy volunteers
in each trial aged 18 to 44 years (7.7% women) received
a single oral dose of selumetinib 25 mg in the presence
or absence of an 11-day oral regimen of itraconazole
dosed at 200 mg twice daily, and fluconazole dosed
at 400 mg on day 1 and then 200 mg once daily on
day 2 to day 11. The single oral dose of selumetinib
was administered on day 8 in both of these series
of trials. Predicted plasma concentration—time profiles
of selumetinib were compared with those observed in
NCT02093728.° The file for the capsule formulation of
itraconazole was selected from the Simcyp library for
use in this analysis, with an adjusted f, of 0.45 and
a k, of 0.6 hour™! (to match the predicted minimum
plasma concentration) with the observed itraconazole
concentrations at day 6 to day 8 from NCT02093728.°
In NCT02093728, fluconazole and itraconazole were
administered after a light breakfast, whereas selume-
tinib was administered 4 hours later in a fasted state.
In the PBPK model simulations, itraconazole was ad-
ministered with a meal and selumetinib was admin-
istered 4 hours later in a fasted state; whereas both
fluconazole and selumetinib were administered in a
fasted state (fluconazole was administered 4 hours
before selumetinib).” The US Prescribing Information
for fluconazole states that exposure to fluconazole is
not affected by food.!® Therefore, it is not expected
that simulations of administration of fluconazole in
either a fed or fasted state will alter exposure of
fluconazole.
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Model Verification

Data from the study of single 75-mg selumetinib dosing
on day 9 alone or in presence of rifampicin 600 mg once
daily given from day 1 through day 12 (NCT02046850)
was used in the model verification procedure.” In the
simulations for model verification, age and sex were
matched with the demographic information reported in
the corresponding clinical studies. The dosing regimens
were consistent with the actual trial design.

Similar to the model development procedure de-
scribed above, model verification involved 10 virtual
trials that were simulated in which 10 healthy volunteers
in each trial aged 22 to 44 years (4.5% women) received
a single oral dose of 75 mg of selumetinib in the
absence or presence of an ll1-day oral regimen of
rifampicin 600 mg once daily. For simulations involving
coadministration of selumetinib and rifampicin, the
single oral dose of selumetinib was administered on
day 9.

In addition, the final adult PBPK model was also
applied to predict selumetinib PK after intravenous
(IV) dosing by mimicking NCT02238782. A 12 x
10 trial design was applied where each trial has 12
male subjects between the ages of 23 and 59 years
at a dose of 80 ug of selumetinib infused over 15
minutes; the concentration of selumetinib after IV
infusion was measured with radiolabeling. Predicted
plasma concentration—time profiles of selumetinib were
compared with those observed in NCT02046850 and
NCT02238782.°

Sensitivity Analysis

In vitro studies indicated that selumetinib is a substrate
of P-glycoprotein (P-gp) transporters.” Two additional
models (models f1 and f2) were explored by incorpo-
rating P-gp in the intestine and liver to the final adult
PBPK model to evaluate the potential effect of P-gp
on selumetinib PK. By using the approach presented
by Troutman and Thakker'® and assuming one-site
Michaelis-Menten saturable kinetics, maximal carrier-
mediated flux (J.x) and Michaelis-Menten constant
(Kyy) can be estimated as 9.9 pmol/min and 15.8 uM,
resulting in an intrinsic clearance of 0.62 wL/min. The
estimated J,,,x and K, values were incorporated as part
of the following 2 models:

Model fl: The Advanced Dissolution Absorption
and Metabolism (ADAM) model was applied to replace
first-order absorption, and the rest of model param-
eters were kept the same as current model (minimal
PBPK with ADAM absorption). The estimated Jax
and K, values of P-gp were incorporated at the intesti-
nal apical site.

Model £2: Model f1 was further developed as a full
PBPK model with ADAM absorption to evaluate the
impact of P-gp at hepatic site (full PBPK with ADAM

absorption). To recover the selumetinib PK profile, a
tissue:plasma partition coefficient of 0.4 was applied in
this full PBPK model, and the rest of model parameters
were kept the same. The estimated J;,,,x and K, values
were incorporated, at a hepatic canalicular site.

For both models f1 and 2, a sensitivity analysis was
evaluated by changing K, from 1.58 to 158 uM in 20
steps.

Additional sensitivity analyses were applied by
changing f,, of CYP3A or CYP2C19 of the final adult
PBPK model. In the sensitivity analysis of CYP3A,
fn of CYP2CI19 was kept at 15%, and f,, of CYP3A
was changed from 5%, 15%, 25%, 35%, 45%, 55%,
65%, 75%, to 85% in both itraconazole and rifampicin
interactions. In the sensitivity analysis of CYP2CI19, f,
of CYP3A was kept at 25%, and f,, of CYP2C19 was
changed from 5%), 15%), 25(%, 35%), 45%), 55%), 65%), to
75% in fluconazole interaction.

Model Application

Drug-Drug Interactions

Various clinical DDI scenarios were simulated using
the final adult PBPK model. Ten virtual trials with 10
healthy volunteers in each trial aged between 20 and
50 years (50% women) receiving a single oral dose of
25 mg of selumetinib in the absence or presence of
moderate CYP3A inhibitor (erythromycin or diltiazem)
or CYP2C19 inhibitor (fluoxetine) dosing for 10 days.
The single oral dose of selumetinib was administered
on day 8.

In addition, 10 virtual trials with 10 healthy volun-
teers in each trial aged 20 to 50 years (50% women)
receiving a single oral dose of 75 mg of selumetinib in
the absence or presence of moderate or weak CYP3A
inducer dosing for 10 days. The single oral dose of
selumetinib was administered on day 8. Compound files
were used as provided by the Simcyp software for all
CYP3A inhibitors (itraconazole, erythromycin, dilti-
azem, fluoxetine), and inducers (rifampicin, efavirenz).
Doses used in these simulations correspond to those
commonly used in real-world clinical practice.

Pediatric Predictions

The final adult PBPK model was extrapolated to
children using the pediatric module in Simcyp, where
the system-specific inputs were modified for children
and drug-specific inputs remained unaltered. This pe-
diatric PBPK model was first verified using the clinical
study data from NCT01362803. The verified pediatric
PBPK model was then applied to provide prospective
estimates of body surface area (BSA)-specific PK,
from which proposed dosing regimens for BSA-specific
groups were determined by matching the simulated
pediatric PK exposures with the reference exposures.
The reference exposures included the pediatric PBPK
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model predicted exposure after a single oral dose of
25 mg/m’ in patients aged 3 to 17 years old and
the population PK post hoc estimation of individual
exposure of pediatric patients in the phase 2 study
(NCT01362803).

Results

Model Development

A list of PBPK models applied for the studied sim-
ulation scenarios is provided in Table S1. Simulated
plasma concentration—time profiles and observed con-
centrations of selumetinib in the absence and presence
of itraconazole, fluconazole are displayed in Figure 3A
and B (log scale) and Figure S1 (linear scale). The
associated geometric mean Cp,,x and AUC values for
selumetinib from these models are listed in Table S2.
For itraconazole, the model generally recovered the PK
profiles of selumetinib. The predicted selumetinib AUC
values were 1185 and 1801 ngeh/mL in the absence and
presence of itraconazole, respectively, which were sim-
ilar to the observed values of 1180 and 1760 ngeh/mL,
respectively. The predicted AUC ratio was 1.52 in the
presence of itraconazole, which is similar to the ob-
served ratio of 1.49, indicating that the f,, assignment
of 25% for CYP3A was reasonable.

For fluconazole, the model generally recovered the
PK profiles of selumetinib. The predicted selumetinib
AUC values were 1190 and 1985 ngeh/mL in the absence
and presence of fluconazole respectively, which were
similar to the observed values 1180 and 1770 ngeh/mL,
respectively. The predicted AUC ratio was 1.67 in the
presence of fluconazole, which is also similar to the
observed ratio of 1.53, indicating the f},, assignment of
15% for CYP2C19 was reasonable.

Model Verification

Simulated plasma concentration—time profiles and ob-
served concentrations of selumetinib in the absence
and presence of rifampicin and after IV are displayed
in Figure 3C and D (log scale) and Figure S1 (linear
scale). The associated geometric mean Cp,x and AUC
values for selumetinib from these models are listed in
Table S2. For rifampicin, the model generally recovered
the range of selumetinib PK profiles, although slightly
underpredicted the mean PK profile in the presence of
rifampicin. The predicted selumetinib AUC values were
3616 and 1082 ngeh/mL in the absence and presence of
rifampicin, respectively. The predicted AUC ratio was
0.30 in the presence of rifampicin, which is lower than
the observed ratio of 0.49. But prediction is still within
reasonable range of the observed value, suggesting the
developed final adult PBPK model could be used to
predict untested clinical situations for potential DDI
assessment.

For the absolute bioavailability study, the final adult
PBPK model reasonably recovered the selumetinib PK
profile after IV and oral dose, the model slightly under-
estimated the mean C,,,x value after IV dose, but the
90% prediction interval still covers the majority of the
individual C,,,« values. The predicted terminal phase of
selumetinib PK matched well with those observed after
both IV and oral doses, suggesting that selumetinib
clearance was also well characterized by the current
PBPK model. As selumetinib clearance and oral PK
are key parameters, the model was able to predict
them reasonably well to be appropriate for further
simulations and predictions.

Sensitivity Analysis

The final adult PBPK model was further explored via
sensitivity analysis. The minimal PBPK with ADAM
absorption model (model f1) could still reasonably
recover the PK of selumetinib. The model f1 predicted
Cmax and AUC of selumetinib with P-gp effect at
intestine are presented in Table S3. A sensitivity analysis
was evaluated by changing K;,, from 1.58 to 158 uM in
20 steps (Figure S2). There was an approximate 20%
decrease in selumetinib C,,,x at a K, of 1.58 uM as
compared with a K;;, of 158 uM, and a negligible
change in AUC. In addition, there was no change in
Chax or AUC ratio (in the presence of itraconazole) in
the K, range of 1.58 to 158 uM. The sensitivity analy-
sis results suggest that the P-gp impact on selumetinib
absorption is minimal.

Similarly, model f2-predicted Cy,x and AUC of
selumetinib with inclusion of the P-gp effect at hepatic
site are presented in Table S3. A sensitivity analysis
was also applied by changing the K, from 1.58 to 158
uM in 20 steps (Figure S3). There was little change in
selumetinib Cy,,x or AUC over the K;, range of 1.58
to 158 uM. In addition, there was no change in Cp,.x
or AUC ratio (in the presence of itraconazole) in the
K., range of 1.58 to 158 uM, suggesting that the P-gp
impact on the biliary excretion is minimal.

Figure S4 presents the f,,, sensitivity analysis results;
the observed C,.x and AUC ratio are also included
for comparison. As the f, of CYP3A or CYP2CI19
increases, the AUC and C,,,x ratios change accordingly
(increase for inhibition and decrease for induction),
suggesting f, is a sensitive parameter in the model. An
fm of 25% for CYP3A provides a reasonable AUC ratio
prediction for itraconazole interaction (1.52 predicted
vs 1.49 observed), while an f,, of <15% provides a
reasonable AUC ratio prediction for rifampicin inter-
action (0.41 predicted vs 0.49 observed). In addition,
an fy, of 15% for CYP3A provides a reasonable Cpax
ratio prediction for itraconazole interaction, while an
fm of 5% provides a reasonable C,,x ratio prediction
for rifampicin interaction. Taken together, these data
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Figure 3. Plasma concentrations of selumetinib after a single oral dose of 25 mg of selumetinib to healthy volunteers in the absence or presence of
repeated doses of itraconazole (A), fluconazole (B), rifampicin (C), and after a single IV infusion of 80 ng (D) selumetinib on log scale. The solid lines
represent the predicted median plasma concentration of selumetinib and the shaded areas show the 90% prediction interval of the simulations. The
yellow closed circles represent the observed mean plasma concentration of selumetinib, and the open circles show the observed individual plasma
concentrations. IV, intravenous.
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Figure 4. Geometric means of ratios in DDI observations and simulations. The gray area shows the 0.67- to |.5-fold range. AUC, area under the
plasma concentration—time curve; Cl, confidence interval; Cy,ax, maximum plasma concentration; DDI, drug-drug interaction.

indicate that an f,;, ranging from 15% to 25% could
be a reasonable assessment for CYP3A contribution
to selumetinib metabolism. An f,, of 25% was applied
in the current PBPK to consider the “worst”-case
scenario. For CYP2C19 contribution, an f,, of 15%
could provide reasonable predictions for both the AUC
and C,.x ratios for fluconazole interaction, and an f,
of 15% was used in the current model.

Model Application

After verification, the final adult PBPK model was
applied to predict untested clinical outcomes for DDIs
with other CYP3A and CYP2C19 inhibitors/inducers.
The moderate CYP3A inhibitors erythromycin and
diltiazem were predicted to potentially increase selume-
tinib AUC values by 41% and 32%, respectively.
The model predicted the multiple doses of moder-
ate CYP2CI19 inhibitor, fluoxetine, could potentially
increase selumetinib AUC by 33%. The model pre-
dicted the multiple doses of moderate CYP3A inducer,
efavirenz, could potentially decrease selumetinib AUC
by 38%, while the weak CYP3A inducer, dexametha-
sone, had minimal impact on selumetinib exposure. The
geometric means of ratios in DDI observations and

simulations are summarized in Figure 4. The associated
geometric mean C,x and AUC values for selumetinib
from all these simulations are listed in Table S4.

Pediatric Application

The pediatric PBPK model was used to predict geomet-
ric means of area under the concentration—time curve
from time 0 to 12 hours and the observed exposure from
noncompartmental analysis after 20, 25, or 30 mg/m’
single oral dose (Table S5). The simulated plasma
concentration—time profiles and the corresponding in-
dividual PK observations were overlaid in Figure 5 and
Figure S5. The pediatric PBPK model generally recov-
ered the range of selumetinib PK profiles in pediatric
subjects. The overall prediction suggested the final adult
PBPK model could be used to predict pediatric clinical
situations by applying the pediatric population module
in Simcyp.

Doses were identified by matching exposures in spe-
cific pediatric BSA brackets to the reference exposure
in pediatric patients. A single oral dose of 25 mg/m?
selumetinib in the pediatric PBPK model produced
a simulated geometric mean (geometric coefficient of
variation) AUC from time 0 to 12 hours of 2204
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Figure 5. Plasma concentrations of selumetinib after a single oral dose of 20, 25, or 30 mg/m? in pediatric patients (semilog scale). The solid lines
represent the predicted median plasma concentration of selumetinib and the shaded areas show the 90% prediction interval of the simulations. The

black closed circles show the observed individual plasma concentrations.

(38.4%) ngeh/mL (median, 2211 ngeh/mL). This pre-
diction is in agreement with exposure data observed
in cohorts treated with 25 mg/m’ selumetinib in the
SPRINT phase 1/2 study (2199 and 2009 ngeh/mL,
respectively). Based on the simulation results for
AUC-based exposure matching, BSA-based dosing reg-
imens of 7.5, 10, and 12.5 mg are proposed for pediatric
subjects in the respective BSA brackets of 0.40 to
0.49, 0.50 to 0.59, 0.60, to 0.69 m?. The boxplots were
applied to visualize the exposure matching, as shown in
Figure 6.

Discussion

In this analysis, the selumetinib PBPK model in
healthy volunteers was developed using physiochem-
ical, in vitro, and PK data from a DDI clinical
study (NCT02093728).° The model was then verified
with another DDI clinical study in healthy volunteers
(NCT02046850)° and an absolute bioavailability study

(NCT02238782).'° The final adult PBPK model was
also extended to a pediatric population and verified
with clinical study data (NCT01362803).%

The final adult PBPK model was able to recover the
observed plasma concentrations of selumetinib follow-
ing single oral doses of 25 or 75 mg of selumetinib
in healthy volunteers. The predicted selumetinib AUC
ratios were 1.52 and 1.67 in the presence and absence
of itraconazole and fluconazole, respectively, which
were generally consistent with the observed AUC ratios
(1.49 and 1.53 in the presence of itraconazole and
fluconazole) and were within the 0.8 to 1.25 limits,
indicating that the assigned fy, values of 25% and
15% for CYP3A and CYP2C19 were reasonable. There
was an overprediction for the rifampicin interaction in
the final adult PBPK model (predicted ratio of 0.30
compared to the observed value of 0.49); however, it
should be noted rifampicin is a pleiotropic inducer, and
in general, the clinical observations vs the predictions
for rifampicin can vary depending on factors other than
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Figure 6. Exposure comparison between model predicted selumetinib exposure and observed values in the BSA bracket range of 0.40 to 1.9 m2.
The PBPK model predicted AUCy. |5, of subjects at BSA 0.40 to 0.69 m? and at | to 7 years old with PBPK recommended nomogram (7.5, 10 and
12.5 mg for BSA brackets of 0.40 to 0.49, 0.50 to 0.59, 0.60 to 0.69 m?, respectively) as well as at BSA of 0.70 to 2.20 m? with the nomogram from
the package insert. The boxplots displayed first quartile, median, third quartile, and |.5-time interquartile range of model predicted AUCy. |3y, in each
BSA bracket. The population pharmacokinetic post hoc estimation of individual AUCy. |5, of patients at 3 to |7 years old in study D1532C00057
(NCTO01362803) are plotted as open circles. AUCy_|2h, area under the plasma concentration—time curve from time 0 to 12 hours; BSA, body surface

area; PBPK, physiologically based pharmacokinetic.

CYP3A induction, which are difficult to model.2! The
sensitivity analysis suggested that an f,, of 15% for
CYP3A would provide better prediction for rifampicin
interaction, while an f,, of 25% is considered a worst-
case scenario in the interaction with CYP3A inhibitors.
Moreover, the predicted AUC or Cy,x changes in the
presence of various CYP3A or CYP2C19 modulators
were similar using both f,, models, and only numeric
differences were observed between the 2 f,, models.
Both models suggest selumetinib is unlikely to be
a sensitive substrate of CYP3A or CYP2CI19, and
DDI predictions from either model would provide the
same recommendation for potential dose adjustment
of selumetinib when coadministrated with moderate
CYP3A/CYP2C19 inhibitors or with a CYP3A in-
ducer. Overall, these predictions are consistent with
recommendations and guidance, and are considered
appropriate to use for DDI predictions.?

Both the minimal PBPK model with ADAM ab-
sorption (model f1) and full PBPK model with ADAM
absorption (model f2) were used to further evaluate
the impact of P-gp on selumetinib exposure based on
the in vitro results. The simulations underestimated
the Cpax to a small degree, and both models were
able to predict the AUC reasonably well and could be
applied to estimate the impact of P-gp on absorption
and biliary excretion of selumetinib. The sensitivity
analysis suggests that the impact of P-gp is likely to be
negligible on the PK of selumetinib. This is consistent
with the high fraction of absorption (>71%)'° and oral
bioavailability (62%).'¢ Therefore, the simplest model

without P-gp transport is considered as the final adult
PBPK model.

The pediatric PBPK model reasonably recovered the
selumetinib PK profiles in pediatric subjects, suggesting
that the developed final adult PBPK model could be
extrapolated to predict pediatric clinical situations by
applying the pediatric population module. The simu-
lations from this pediatric PBPK model were used to
support and guide dose recommendation in the planned
pediatric patient clinical trials.

This study has certain limitations. We assume that
absorption of selumetinib is a first-order process.
CYP3A is the major CYP isoform involved in the
metabolism of selumetinib; however, the magnitude
of the contribution made by CYP2CI19 is not well
defined. Should the assumptions regarding these or
other parameters not be accurate, then the model
predictions would be expected to diverge from clinical
trial data. Similarly, if the absorption or elimination
processes in children differ markedly from those in the
adults used to inform the model, then the predictions
in children would be less accurate. Some data used in
the model were obtained from healthy volunteers. The
application of these data to patients, especially those
with organ dysfunction, may introduce some degree
of error. Continuous evaluation of this model as data
continue to accumulate will allow us to determine the
accuracy of the assumptions that support the model.
Despite these limitations, we believe that the appli-
cation of the final adult PBPK model is considered
appropriate for addressing the DDI potential and to
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support dose recommendations for selumetinib in
younger children.

Conclusion

In conclusion, the final adult PBPK model predicts sys-
temic exposure to selumetinib with reasonable accuracy
when coadministered with itraconazole, fluconazole, or
rifampicin, and is thus considered suitable for use in
the prospective prediction of changes in selumetinib
exposure when coadministered with other inhibitors
and inducers of CYP3A and CYP2C19. Additionally,
the pediatric PBPK model was used to guide dosing
regimen selection for younger pediatric patients.
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