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Abstract

Background and Objectives Cobimetinib is eliminated
mainly through cytochrome P450 (CYP) 3A4-mediated
hepatic metabolism in humans. A clinical drug—drug
interaction (DDI) study with the potent CYP3A4 inhibitor
itraconazole resulted in an approximately sevenfold
increase in cobimetinib exposure. The DDI risk for
cobimetinib with other CYP3A4 inhibitors and inducers
needs to be assessed in order to provide dosing instructions.
Methods A physiologically based pharmacokinetic
(PBPK) model was developed for cobimetinib using
in vitro data. It was then optimized and verified using
clinical pharmacokinetic data and itraconazole—cobime-
tinib DDI data. The contribution of CYP3A4 to the clear-
ance of cobimetinib in humans was confirmed using
sensitivity analysis in a retrospective simulation of itra-
conazole—cobimetinib DDI data. The verified PBPK model
was then used to predict the effect of other CYP3A4
inhibitors and inducers on cobimetinib pharmacokinetics.
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Results The PBPK model described cobimetinib pharma-
cokinetic profiles after both intravenous and oral adminis-
tration of cobimetinib well and accurately simulated the
itraconazole—cobimetinib DDI. Sensitivity analysis sug-
gested that CYP3A4 contributes ~ 78 % of the total clear-
ance of cobimetinib. The PBPK model predicted no change
in cobimetinib exposure (area under the plasma concentra-
tion—time curve, AUC) with the weak CYP3A inhibitor
fluvoxamine and a three to fourfold increase with the mod-
erate CYP3A inhibitors, erythromycin and diltiazem. Simi-
larly, cobimetinib exposure in the presence of strong
(rifampicin) and moderate (efavirenz) CYP3A inducers was
predicted to decrease by 83 and 72 %, respectively.
Conclusion This study demonstrates the value of using
PBPK simulation to assess the clinical DDI risk inorder to
provide dosing instructions with other CYP3A4
perpetrators.

Key Points

This study demonstrates the value of using
physiologically based pharmacokinetic (PBPK)
modelling to assess the clinical drug—drug
interaction (DDI) risk for proposing label language.

The simulation results suggest that weak cytochrome
P450 (CYP) 3A4 inhibitors will not affect
cobimetinib pharmacokinetics and moderate
inhibitors could increase the cobimetinib area under
the plasma concentration—time curve (AUC) by ~ 3-
to 4-fold. Strong and moderate CYP3A4 inducers
could decrease cobimetinib AUC by 83 and 72 %,
respectively. These results have been used to support
the dosing instructions on the label of cobimetinib.
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1 Introduction

Cobimetinib (also known as GDC-0973, RO5514041, and
XL518) is a potent and highly selective small-molecule
inhibitor of MEK (mitogen-activated protein kinase/extra-
cellular signal-regulated kinases [ERK]) [1]. Inhibition of
MEK is a promising strategy to control the growth of
tumors that are dependent on aberrant signaling in the
RAS/RAF pathway. Abnormal regulation of the RAS/RAF/
MEK/ERK pathway contributes to uncontrolled prolifera-
tion, invasion, metastasis, angiogenesis, and diminished
apoptosis [2, 3]. Cobimetinib in combination with vemu-
rafenib (Zelboraf®) has been shown to improve progres-
sion-free survival in BRAF V600 mutation-positive
advanced melanoma [4]. Cobimetinib has recently been
approved in the US. The prescribing information and
clinical pharmacology review can be found in the New
Drug Application (NDA) review [5, 6].

Data from in vitro studies and a human mass balance study
have indicated that hepatic metabolism plays a major role in
the clearance (CL) of cobimetinib, and cytochrome P450
(CYP) 3A4 is the predominant enzyme responsible for the
metabolism of cobimetinib [7]; therefore, co-administration
of potent CYP3A4 inhibitors and inducers were expected to
affect cobimetinib pharmacokinetics. A phase I study has
been conducted to evaluate the effect of multiple-dose itra-
conazole, a potent CYP3A4 inhibitor, administered as an
oral solution, on cobimetinib pharmacokinetics in healthy
subjects (manuscript in preparation). In this study, cobime-
tinib 10 mg was administered orally to healthy subjects on
Day 1 and continuous daily dosing of itraconazole (200 mg)
was started on Day 10 and continued for the next 2 weeks.
Another 10 mg single dose of cobimetinib was administered
on Day 4 of the itraconazole dose. Plasma samples were
collected from all subjects at predetermined timepoints to
evaluate cobimetinib pharmacokinetics in the presence and
absence of itraconazole. The cobimetinib mean area under
the plasma concentration-time curve from time zero to
infinity (AUC,,) increased by 6.7-fold and the peak plasma
concentration (Cp,.x) increased by 3.2-fold when co-ad-
ministrated with itraconazole, indicating that cobimetinib is
a sensitive CYP3A4 substrate [5, 6].

Physiologically based pharmacokinetic (PBPK) model-
ing and simulation tools have increasingly been used for
quantitative prediction of pharmacokinetics and drug—drug
interactions (DDIs) [8—10]. The value of a PBPK approach
for DDI prediction has been recognized by regulatory
agencies, as highlighted by the recent US Food and Drug
Administration (FDA) and European Medicines Agency
(EMA) guidances [11, 12]. The PBPK models that have been
validated with clinical pharmacokinetic and DDI data can be
used to predict other unknown DDI scenarios. This approach
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is increasingly being used in regulatory review and sup-
porting label statements [8, 13]. The aims of the current study
were to (1) develop a PBPK model for cobimetinib and verify
its performance in describing the observed cobimetinib
clinical pharmacokinetics obtained after intravenous and
oral administration of cobimetinib [14]; (2) simulate the DDI
between itraconazole and cobimetinib, and verify the con-
tribution of the CYP3A4 pathway (fraction of cobimetinib
cleared through CYP3A4 metabolism [f,cypsa]) to the
cobimetinib CL; and (3) apply the verified cobimetinib
PBPK model for assessing the effect of CYP3A4 inducers
(strong, moderate) and other CYP3A4 inhibitors (moderate,
weak) on cobimetinib pharmacokinetics to inform label
language. Ultimately, the present study can contribute to the
effort of developing and adopting a general best practice for
PBPK simulation to be used in support of regulatory sub-
missions and drug labelling.

2 Methods

The Simcyp Population-based ADME Simulator (version
13, release 1; Sheffield, UK) with a healthy volunteer pop-
ulation (“Sim-Healthy Volunteers™) was used in all model
development and application steps. The PBPK model for
cobimetinib was built and verified using a mixed ‘bottom-
up’ and ‘top-down’ approach, which maintains a mecha-
nistic PBPK structure, using parameters from in vitro
experiments (‘bottom-up’) and leveraging in vivo clinical
data (‘top-down’) to bridge the gaps in our understanding of
in vitro—in vivo translation. The Simcyp default PBPK
models for itraconazole (ITZ) and its metabolite hydroxy-
itraconazole (OH-ITZ) were modified and verified using
clinical pharmacokinetic data from an itraconazole—co-
bimetinib DDI study and DDI data from an itraconazole—
midazolam study reported by Olkkolaet al. [15]. The verified
cobimetinib and itraconazole models were then used to
simulate the observed effect of itraconazole on cobimetinib
pharmacokinetics, and to confirm the contribution of
CYP3A4 [f,cypsas]l to cobimetinib CL. Finally, the
cobimetinib PBPK model was applied to simulate the effect
of other inhibitors and inducers on cobimetinib pharma-
cokinetics. The overall model development, verification, and
application process is shown in the Fig. 1.

2.1 Cobimetinib Physiologically Based
Pharmacokinetic (PBPK) Model Development
and Verification

The initial PBPK model for cobimetinib was built using
in vitro/in silico data (Table 1). Cobimetinib is a weak base
with an acid dissociation constant (pKa) of 8.85.
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Fig. 1 Physiologically based

PBPK MODEL DEVELOPMENT, VERIFICATION AND APPLICATION

pharmacokinetic model
development, verification, and
application. CL clearance, CYP
cytochrome P450, DDI drug—
drug interaction, f,,cypsa4
fraction of cobimetinib cleared
through CYP3A4 metabolism,
ITZ itraconazole, IV
intravenous, OH-ITZ hydroxy-
itraconazole, PBPK
physiologically based

Cobimetinib PBPK model:

- Built model using in vitro /in-silico data
- Optimized and verified using IV and PO PK
data along with the information from human

mass balance and absolute bioavailability study

ITZ and OH-ITZ PBPK model:

- Simcyp default model

- Optimized and verified using ITZ & OH-ITZ
data from ITZ-cobimetinib DDI study and
published ITZ-midazolam DDI study

pharmacokinetic, PK
pharmacokinetic, PO oral

v

Simulation of ITZ-cobimetinib DDI

- Verified model by comparing simulated DDI with

the observed data

- Sensitivity analysis to confirm the contribution of

CYP3A4 (fmcypj,A4) in cobimetinib CL

!

Application of cobimetinib PBPK model

- Predicted effect of other weak and moderate

CYP3A inhibitors on cobimetinib PK

- Predicted the effect of moderate and strong

inducers on cobimetinib PK

- Utilized results in support of labelling language

Cobimetinib has a logP of 3.8, and predominantly binds to
albumin with experimentally determined human plasma
protein binding of 94.17 % (fraction of unbound drug in
plasma [f,p] = 0.0583). The blood/plasma partition ratio
(B/P) was 0.976 (Table 1). The PBPK model was then
further optimized and verified using clinical pharmacoki-
netic data obtained from intravenous and oral administra-
tion of cobimetinib in healthy subjects. The PBPK models
describing absorption, distribution, and elimination of
cobimetinib are detailed below.

Absorption: The first-order absorption model was used.
The fraction absorbed after oral administration (f, = 0.88)
was obtained from a human mass balance study in healthy
subjects [16]. The absorption rate constant (k,) was esti-
mated to be 0.35 h™! based on cobimetinib pharmacoki-
netic data from the control arm of an itraconazole—
cobimetinib DDI study in healthy subjects.

Distribution:  The full PBPK distribution model was used
to describe the cobimetinib pharmacokinetic profile after
intravenous administration in healthy subjects [14]. The
PBPK model-predicted volume of distribution at steady

state (V) was optimized by adding a K|, (tissue/plasma
partition coefficient) scalar of 3.1 in order to match the
observed clinical pharmacokinetic data.

Elimination: The results from a human mass balance study
and absolute bioavailability study of cobimetinib in healthy
subjects suggested that hepatic metabolism plays a pre-
dominant role in the elimination of cobimetinib, with mini-
mal renal elimination (~ 3 %) [14]. Additionally, the in vitro
data suggest that cobimetinib metabolic CL is predominantly
through CYP3A4, with minor contribution from uridine 5'-
diphospho-glucuronosyltransferase isozyme 2B7
(UGT2B7). Therefore, hepatic CL through the CYP3A4
enzyme, i.e., CYP3A4 intrinsic CL (CL;,,), was estimated
using the Simcyp retrograde calculator based on the intra-
venous clearance observed in healthy subjects. A lumped
additional CL representing all other non-CYP3A pathways
was entered into the model to capture the observed phar-
macokinetic profiles (Table 1). Cobimetinib pharmacoki-
netic simulations were conducted using a 10 x 10 design
(ten trials with ten subjects per trial) to simulate population
variability.
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Table 1 Summary of key input parameters for cobimetinib physiologically based pharmacokinetic model

Parameters Value Reference/data source

Molecular weight (g/mol) 531.31 [6]

log P, 3.81 [6]

pK. 8.85 [6]

Compound type Monoprotic base [6]

B/P ratio 0.976" [7]

fup 0.0583° (7]

Main binding protein Albumin [7]

Sueut 1 Predicted by software

Ogut 1.45 Predicted by software using verapamil P, as reference (scalar®: 1.07)
Py (107% cm/s) MDCK 1.39 [7] (Cobimetinib)

Popp (1076 cm/s) MDCK 15.2 [7] (Calibration compound verapamil)

fa 1 (20 % CV) To obtain output value of 0.88-based human mass balance study

ko (h7h 0.35 Estimated to best describe the clinical PK data

Vss (L7kg) 15.3 Predicted using software (method 2)

K, scalar 3.1 Optimized to match observed Vg (15.3 L/kg)

CLg (L/h) 0.35 Calculated using Simcyp retrograde model to achieve 3 % of total clearance

CYP3A4 CL;y (WL/min/pmol) 0.445

Additional CL;,—HLM (pL/min/mg 12.5
protein) CL

Calculated using Simcyp retrograde model to achieve f;,,cyp3aq Of 78 % of total CL
(14.5L/h)

Calculated using Simcyp retrograde model, entered as HLM CL;,, under additional

B/P ratio blood/plasma partition ratio, CL clearance, CL;,, intrinsic clearance, CLg renal clearance, CV coefficient of variation, CYP cytochrome
P450, f, fraction absorbed, f,,,cyp3a4 fraction of dose metabolized by CYP3A4, f,, ., unbound fraction in the gut, f,,, free fraction of unbound drug
in plasma, HLM human liver microsome, k, absorption rate constant, K, tissue/plasma partition coefficient, log P,., octanol-water partition
coefficient, MDCK Madin-Darby Canine Kidney cells, P,,, apparent intrinsic permeability, PK pharmacokinetic, pKa acid dissociation constant,
Qgur @ nominal blood flow in Simcyp gut model, Vi, volume of distribution at steady state

4 Mean B/P at three cobimetinib concentrations (1, 5, and 10 pmol/L)

® Mean fu at three cobimetinib concentrations (1, 5, and 10 umol/L)

¢ P,pp reference: verapamil, scalar 1.07 (based on in-house data for verapamil)

2.2 Itraconazole (ITZ) and Hydroxy-Itraconazole
(OH-ITZ) PBPK Model Optimization
and Verification

The Simcyp default PBPK models for itraconazole and its
metabolite OH-ITZ were found to under-predict the itra-
conazole and OH-ITZ exposures observed in the DDI
study. As a result, these two models were optimized by
adjusting parameters, such as k,, absorption time lag
(Tiag)s Vs, and CL, in order to describe the itraconazole
and OH-ITZ exposures observed in the itraconazole—co-
bimetinib clinical DDI study, in which itraconazole was
administered as a solution. The optimized parameters for
the itraconazole and OH-ITZ PBPK model are presented
in Table 2.

The optimized itraconazole and OH-ITZ PBPK models
were further verified by comparing simulation results of the
DDI between itraconazole and midazolam with the data
reported in the literature [15]. Olkkola et al. [15] described
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both itraconazole and midazolam concentration—time pro-
files that can be used for model verification. In these ver-
ification simulations, both the f, (0.6) and k, (0.416)
parameters in the itraconazole PBPK model were further
modified while keeping the remaining parameters the same
to describe the itraconazole pharmacokinetic profile after
administration of itraconazole in capsule form [15]
(Table 2). The Simcyp default midazolam PBPK model
(version 13) was also modified in order to describe the
midazolam pharmacokinetic profile reported by Olkkola
et al. [15]. The values for the modified parameters (k, and
maximum velocity [V,.x] for both the 1-hydroxy midazo-
lam and 4-hydroxy midazolam formation) are listed in
Electronic Supplementary Material (ESM) Table 1. The
simulations for the itraconazole—-midazolam DDI were
conducted based on the reported study design, in which
itraconazole 200 mg (capsule form) was administered as a
daily oral dose for 14 days and midazolam 7.5 mg was
administered as a single oral dose on Day 4 [15].
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Table 2 Summary of optimized parameters for itraconazole and hydroxy-itraconazole PBPK models

Parameters 1TZ OH-ITZ
Value Data source Value Data source
k, 7h 1.6 Optimized® NA
Tiae () 0.3 Optimized® NA
K, scalar 0.032 Optimized® NA
Vss (L7kg) 15.2 Full PBPK, predicted® 0.5 Minimal PBPK, user input for best fitd
CYP3A4 CL;,; (pL/min/pmol) 2.44 Optimizedd NA
Vimax.3a4 (pmol/min/pmol) NA 0.16 Library®
Kin.u3aa (umol/L) NA 0.027 Library®

CL,,, intrinsic clearance, CL;, intravenous clearance, C,,,, peak plasma concentration, CYP cytochrome P450, ITZ itraconazole, IV intravenous,
k, absorption rate constant, K,,, unbound Michaelis-Menten constant, K, tissue/plasma partition coefficient, NA not applicable, OH-ITZ
hydroxy-itraconazole, PK pharmacokinetic, Ty, lag time, f,,,, time to peak plasma concentration, V,,, maximum velocity, V,, volume of
distribution at steady state

4 Literature value [19] (k, = 0.945 h~! for the oral solution was further optimized to match the observed #,,,x and Cy.x)

® Optimized to match simulated result to the clinical observed data

¢ Reported Vi is 10.7 L/kg for ITZ following IV infusion [21], which is much lower than the default value in Simcyp. K}, scalars were adjusted
to obtain predicted V for ITZ (15.2 L/kg) and user input Vy for OH-ITZ (0.5 L/kg) was used to best describe observed PK profiles

d Reported CL;, is 18.7 L/h for ITZ following IV infusion [33], which is lower than Simcyp default value. CL;, was adjusted to 15 L/h to best
describe the observed ITZ PK profile obtained from in-house study. CYP3A4 CL;,, was back-calculated by the Retrograde Model of Simcyp

(100 % of total clearance contributed by CPY3A4 was assumed)

¢ Refers to Simcyp default compound library (version 13 release 1)

2.3 Simulation of Itraconazole—Cobimetinib Drug-
Drug Interaction (DDI)

Following verification of the cobimetinib PBPK model
using intravenous and oral pharmacokinetic data, and the
itraconazole and OH-ITZ PBPK model using observed
pharmacokinetic data from the itraconazole—cobimetinib
DDI study and the DDI data from the reported itracona-
zole-midazolam DDI study described above, simulation of
DDIs between itraconazole and cobimetinib was conducted
using a Simcyp virtual population, with the study design
matching the corresponding clinical DDI study in healthy
subjects. The itraconazole solution (200 mg) was admin-
istered daily from Day 1 to Day 14 and a single 10 mg
dose of cobimetinib was administered orally 30 min after
the itraconazole dose on Day 4 following an overnight fast.
The end time of the trial simulation was set to Day 70 to
capture AUC,_, of cobimetinib in order to account for the
long half-life of cobimetinib (130 h with itraconazole
interaction). A total of ten trials with 15 subjects per trial
(10 x 15) in the age range of 18-52 years (proportion of
female subjects: 0.34) were simulated to evaluate the
effects of itraconazole on cobimetinib exposure. The
number of timepoints in the simulation tool box of Simcyp
software was increased from 200 (default) to 3000 in order
to accurately capture the simulated cobimetinib pharma-
cokinetic profiles over a period of 21-35 days, mimicking
the actual DDI study design.

Sensitivity analyses were conducted to assess the
impact of other key cobimetinib model parameters,
fmcypsas and Q. on the predicted DDI. The input of
CYP3A4 CL;,, was varied to obtain a range of f,cypsa
from 0.25 to 0.95 (using the Simcyp retrograde calcu-
lator). The simulations of itraconazole—cobimetinib DDIs
with different f,cypsa Vvalues for cobimetinib were
compared with the observed DDI data. Qg is a hypo-
thetical blood flow term used in the Simcyp PBPK
models to describe the role of various processes such as
passive intestinal permeability, blood flow to enterocytes,
gut metabolism, etc. Changing Q. will affect the pre-
dicted F, (fraction escaping the gut metabolism) and, in
turn, the predicted magnitude of the DDI. Simulations of
itraconazole—cobimetinib DDIs with different Qg values
(range from 1 to 10 L/h) were compared with the
observed DDI data.

2.4 Application of the Cobimetinib PBPK Model

The verified cobimetinib PBPK model was used to predict
the effect of other weak and moderate CYP3A4 inhibitors
and moderate and strong inducers on cobimetinib phar-
macokinetics. The end time for the trial simulation was set
to Day 70 to capture the AUC,, of cobimetinib. A total of
ten trials with ten subjects per trial from the healthy vol-
unteer population were simulated (10 x 10 design).
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2.4.1 Simulation of the Effect of Weak and Moderate
Cytochrome P450 (CYP) 3A Inhibitors

Simulations were conducted to predict the effects of weak
(fluvoxamine) and moderate (diltiazem and erythromycin)
CYP3A inhibitors on cobimetinib pharmacokinetics using
the validated cobimetinib PBPK model. The Simcyp
default PBPK models for erythromycin, diltiazem, and
fluvoxamine were used in these simulations. The inhibitors
were administered daily for 21 days and a single dose of
cobimetinib (60 mg) was administered at the same time as
the inhibitor on Day 7 (Table 3). The effect of dose stag-
gering on the DDI was also simulated using a similar
design (daily dosing of inhibitor for 21 days), but with
cobimetinib administered 4 h before the inhibitor dose on
Day 7.

2.4.2 Simulation of the Effect of Moderate and Strong
CYP3A Inducers

Simulations were conducted to predict the effects of
moderate (efavirenz) and strong (rifampicin) inducers of
CYP3A on cobimetinib pharmacokinetics using the veri-
fied cobimetinib PBPK model. The Simcyp default PBPK
model for rifampicin was used for the simulation. An
efavirenz PBPK model reported in the literature was used
for the simulation as an efavirenz PBPK model was not
available in the Simcyp model library [17, 18]. The
inducers were administered daily for 21 days and a single
dose of cobimetinib (60 mg) was co-administered with an
inducer on Day 7.

3 Results

3.1 Cobimetinib PBPK Model Development
and Verification

The cobimetinib PBPK model was developed and verified
using in vitro and in vivo clinical data. The final model
parameters are presented in Table 1. The observed and
simulated mean plasma concentration—time profiles of
cobimetinib after (a) intravenous infusion (2 mg) and
(b) oral administration (10 mg) of cobimetinib in healthy
subjects are shown in Fig. 2. The multi-exponential dis-
position pharmacokinetic profile of cobimetinib after
intravenous administration was captured by the full PBPK
distribution model. The first-order absorption model with
the optimized parameters f, and k, was able to describe the
observed cobimetinib pharmacokinetic profiles after oral
administration.
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3.2 Optimization and Verification
of the Itraconazole and OH-ITZ PBPK Models

The optimized PBPK model parameters for itraconazole
and OH-ITZ are presented in Table 2. As shown in Fig. 3,
the optimized itraconazole and OH-ITZ models are able to
capture the observed itraconazole and OH-ITZ pharma-
cokinetic profiles from the itraconazole—cobimetinib DDI
study.

Further verification of the optimized itraconazole model
was performed by simulating the DDI between itracona-
zole and midazolam as reported by Olkkola et al. [15]. It
has been previously shown that f, and k, after oral
administration of itraconazole are formulation specific [19-
21]. As a result, minor changes to the absorption parame-
ters (f, and k,) in the itraconazole model were required to
capture the itraconazole pharmacokinetic profile from the
capsule formulation (whereas the solution formulation was
administered in the itraconazole—cobimetinib DDI study).
The simulated itraconazole pharmacokinetic profile (ESM
Figure 1) and the midazolam pharmacokinetic profile in
the presence and absence of itraconazole are comparable
with the observed data (ESM Figure 2). The model-pre-
dicted midazolam C,,,, ratio (3.6) and AUC ratio (12.01)
were comparable with the reported values (C,.. ratio of
3.4 and AUC ratio of 10.8) (ESM Table 2).

3.3 Simulation of the DDI Between Itraconazole
and Cobimetinib

The verified cobimetinib and itraconazole PBPK models
were used for itraconazole—cobimetinib DDI simulation.
The comparison between simulated and observed cobime-
tinib PK in the presence and absence of ITZ are presented
in Fig. 4. The model-predicted cobimetinib AUC ratio (6.7;
90 % CI 4.2-12.9) was comparable with the observed AUC
ratio of 6.7 (90 % CI 5.6-8.0). Similarly, the model-pre-
dicted cobimetinib C,,, ratio of 2.5 (90 % CI 1.7-4.4) was
comparable with the observed ratio of 3.2 (90 % CI
2.7-3.7). The model-predicted median time t0 Cpax (fmax)
of cobimetinib was 3.11 h (range 1.71-4.71 h) and 3.63 h
(range 2.16-5.96 h) in the absence and presence of itra-
conazole, respectively, which is slightly less than the
observed prolongation of #,,,,x (from a median of 2 h [range
1-6 h] to a median of 4 h [range 2-8 h]). Considering the
high variability of cobimetinib pharmacokinetics as a
CYP3A4 substrate, overall the model reasonably
well captured cobimetinib #,,,x, Cinax, and AUC changes in
the presence of itraconazole.

The contribution of CYP3A4 to the total CL of
cobimetinib (f,,cyp3as4) Was verified by conducting a sen-
sitivity analysis. The f,,cyp3a4 value of 0.78 best described
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Table 3 Simulated drug—drug interactions (90 % confidence intervals) with various cytochrome P450 3A inhibitors and the effect of staggered

dosing on the interactions

CYP3A inhibitor and dosing Inhibition Cobimetinib dose relative to inhibitor Does dose
regimen mechanism - — - — - staggering
Scenario 1: 4 h before inhibitor on  Scenario 2: co-administration on have effect?
Day 7 Day 7
AUC ratio Cnax ratio AUC ratio Cax ratio
Itraconazole solution, 200 mg od  Strong, 6.91 (3.92-13.5) 2.37 (1.59-4.16) 7.16 (4.2-14.2) 252 (1.72-4.41) No
for 3 weeks reversible

Erythromycin, 500 mg tid for Moderate, TDI

3 weeks

Diltiazem, 120 mg bid for 3 Moderate, TDI ~ 3.22 (1.91-6.07)
weeks

Fluvoxamine, 100 mg od for Weak, 1.02 (1.01-1.04)
3 weeks reversible

4.34 (2.39-8.57) 2.12 (1.59-3.38)

4.35 (2.39-8.57) 2.15 (1.60-3.47) No

1.81 (1.39-2.55) 3.26 (1.91-6.17) 1.85 (1.42-2.63) No

1.00 (0.99-1.02) 1.03 (1.01-1.06) 1.02 (1.01-1.04) No

AUC area under the plasma concentration—time curve, bid twice daily, C,,.. peak plasma concentration, CYP cytochrome P450, od once daily, tid

three times daily, 7DI time-dependent inhibition
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Fig. 2 Observed and simulated mean plasma concentration—time profiles of cobimetinib following a intravenous infusion of cobimetinib 2 mg

and b oral administration of cobimetinib 10 mg

the observed DDI between itraconazole and cobimetinib
(ESM Table 3). The corresponding intestine bioavailability
(Fg) was predicted to be 0.46, which was close to the
calculated value from the absolute bioavailability and mass
balance studies [16].

The effect of the Qg parameter on the predicted DDI
(Cmax and AUC ratio) is presented in ESM Figure 3a, b.
The Q¢ value (1.45 L/h) in the cobimetinib PBPK model
was predicted in Simcyp based on the apparent passive
permeability (P,,,) with verapamil as a reference com-
pound (Table 1). When the Q,, value was varied from
0.10 to 2, the predicted AUC and C,,,x ratios are close to
the observed values, whereas when it was varied from 2 to
10, the predicted AUC and C,,,x ratio are significantly
below the observed value (Fig. 4; ESM Figure 3).

3.4 Application of the Cobimetinib PBPK Model

3.4.1 Simulation of the Effect of Weak and Moderate
CYP3A Inhibitors

Results of the simulated effect of moderate and weak
CYP3A inhibitors on cobimetinib pharmacokinetics are
summarized in Table 3 and illustrated in Fig. 5. The
model-simulated cobimetinib mean C,,,, and AUC ratios
are 2.15 and 4.35, 1.85 and 3.26, and 1.02 and 1.03,
respectively with a moderate inhibitor erythromycin, a
moderate inhibitor diltiazem, and a weak inhibitor flu-
voxamine. Dose staggering of cobimetinib with respect
to inhibitor administration appeared not to have a sig-
nificant effect on cobimetinib exposure (Table 3).
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Fig. 3 Observed and simulated plasma concentration—time profiles of
itraconazole and OH-ITZ using optimized PBPK model following
administration of itraconazole 200 mg in solution, once daily for
14 days. a Shows the profile over a period of 14 days and b shows the
profile on day 4 of the itraconazole dose. ITZ itraconazole, OH-ITZ
hydroxy-itraconazole

3.4.2 Simulation of the Effect of Moderate and Strong
CYP3A Inducers

Results of the simulated effect of moderate and weak
CYP3A inducers on cobimetinib pharmacokinetics are
shown in Fig. 5. The model-simulated cobimetinib mean
AUC ratios were 0.17 and 0.28 when interacting with the
strong inducer rifampin and the moderate inducer efavir-
enz, respectively. Similarly, the model-simulated cobime-
tinib Cy,. ratios in the presence and absence of rifampicin
and efavirenz are 0.37 and 0.36, respectively.

4 Discussion
Cobimetinib is absorbed almost completely following oral

administration, and is eliminated predominantly through
hepatic metabolism along with limited renal excretion. The
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in vitro data suggest that the CYP3A4 isozyme plays a
predominant role in the metabolic CL of cobimetinib. The
clinical DDI study with itraconazole showed that cobime-
tinib is a sensitive CYP3A substrate (AUC ratio 6.7 and
Chax ratio 3.2). Given this magnitude of interaction with a
strong CYP3A inhibitor, we investigated the effect of weak
and moderate CYP3A4 inhibitors and moderate and strong
CYP3A4 inducers on cobimetinib pharmacokinetics using
a PBPK modeling approach.

The cobimetinib PBPK model was initially built using
in vitro and physicochemical data. Further model opti-
mization and verification were carried out by leveraging
the learning from clinical data obtained from absolute
bioavailability and mass balance studies. This combined
‘bottom-up’ and ‘top-down’ approach leverages the use
of all existing cobimetinib in vitro ADME (absorption,
distribution, metabolism, and excretion) information and
clinical data, which builds confidence regarding using the
PBPK model for the prediction of unknown scenarios.
The refined PBPK model was able to describe the
cobimetinib pharmacokinetic profile observed in phar-
macokinetic and DDI studies, setting up the first step
toward to the prediction of DDIs between cobimetinib
and other CYP3A4 inhibitor and/or inducers. The sensi-
tivity analysis on the parameters fcypsas and F,
(through Q) increased confidence in DDI prediction for
cobimetinib with other inhibitors and inducers. The final
cobimetinib PBPK model was applied to predict the
effect of other CYP3A4 inhibitors and inducers on
cobimetinib  pharmacokinetics to inform dosing
instructions.

Accurate prediction of the itraconazole and OH-ITZ
pharmacokinetic profiles is important for the simulation of
DDIs between itraconazole and cobimetinib. Optimization
of the itraconazole and OH-ITZ PBPK models was nec-
essary as the default model (Simcyp Version 13.1) under-
predicted the exposures of both itraconazole and OH-ITZ
observed in the DDI study. The under-prediction of phar-
macokinetics, especially the accumulation of itraconazole
and OH-ITZ after multiple doses, has also been observed
and reported by other researchers [22]. Furthermore, the
typical ‘bottom-up’ PBPK model development for itra-
conazole and OH-ITZ is challenging due to the limited and/
or largely variable in vitro data reported. In this study, the
itraconazole and OH-ITZ default PBPK models were
optimized by adjusting several parameters (k,, Tiag, Vs,
CL) based on the observed pharmacokinetic data from the
itraconazole—cobimetinib DDI study and information from
the literature. The optimized models were able to simulate
the observed itraconazole and OH-ITZ data from our DDI
study, which validated its use for the itraconazole—co-
bimetinib DDI simulation and provided confidence in the

fucypsa  estimation.  Further development of an
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Fig. 4 Observed and simulated
plasma concentration—time
profiles of cobimetinib
following oral administration of
itraconazole 200 mg solution
administered once daily for

14 days and cobimetinib 10 mg
on day 4. a, ¢ cobimetinib alone
or with co-administration of
itraconazole on semi-log scale;
b, d cobimetinib alone or with
co-administration of
itraconazole on linear scale (first
48 h shown). ITZ itraconazole

Fig. 5 Observed and simulated
cobimetinib AUC and Cy,.
ratios with various CYP3A4
inhibitors and inducers.
Geometric mean ratio (90 %
confidence interval) of AUC or
Cinax Of victim drug
(cobimetinib) in the presence of
inhibitor/inducer to AUC or
Cinax in the absence of inhibitor/
inducer. AUC area under the
plasma concentration—time
curve, C,,,, peak plasma
concentration, CYP cytochrome
P450, DDI drug—drug
interaction
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itraconazole and OH-ITZ PBPK model is necessary for a
broad application of the model in itraconazole DDI
prediction.

The retrospective PBPK simulation of the observed
CYP-mediated DDIs has been recognized as a useful tool
for determining the contribution of the CYP in the total
CL of a victim drug (fraction of dose metabolized by CYP
[frcyrl) and for predicting the DDI with other untested
scenarios [23-27]. Sensitivity analysis on the key
parameters, such as f,cypsa and F, (through Qg,), in the
retrospective  simulations of itraconazole—cobimetinib
DDI, provided a better understanding of the effect of
these parameters on the predicted DDI. The f.,cypsas4
(0.78) and F, (0.46) estimated based on the DDI data
using retrospective model simulation is consistent with the
findings in other clinical studies, including a human mass
balance study and absolute bioavailability study [16],
which in turn provided confidence in using the PBPK
model for the prediction of DDIs for other scenarios for
cobimetinib as a victim drug. In the cobimetinib DDI
study, itraconazole was administered for 2 weeks due to
the significant accumulation of itraconazole and its inhi-
bitory metabolite (e.g., OH-ITZ), and also to minimize the
potential safety risk. To test the effect of a longer duration
of itraconazole administration, additional simulations were
performed using the final PBPK model with itraconazole
doses for 3 and 4 weeks. The simulated cobimetinib AUC
ratios were 7.28 and 7.54 for the 3- and 4-week itra-
conazole dosing scenarios, respectively, and there was a
Chax ratio of 2.54 in both scenarios, which is not signif-
icantly different from 2 weeks of itraconazole doses. This
result indicated that a near-maximum inhibition effect has
been achieved with the current study design. In addition,
since cobimetinib follows linear pharmacokinetics, the
effect of itraconazole on cobimetinib pharmacokinetics is
not expected to be different for single- or multiple-dose
cobimetinib scenarios (e.g., steady state).

Finally, the verified cobimetinib PBPK model was used
to predict the effect of weak (fluvoxamine) and moderate
(erythromycin and diltiazem) CYP3A4 inhibitors, and
moderate (efavirenz) and strong (rifampicin) CYP3A4
inducers on cobimetinib pharmacokinetics. Weak
CYP3A4 inhibitors did not appear to have any effect on
cobimetinib pharmacokinetics, which is consistent with
observations from a population pharmacokinetic analysis
[28]. Moderate CYP3A4 inhibitors such as erythromycin
and diltiazem increased cobimetinib exposure by three to
fourfold. Similarly, the weak inducers were not expected
to affect cobimetinib pharmacokinetics based on the lack
of effect of vemurafenib, a weak CYP3A inducer [28].
Given that cobimetinib is metabolized predominantly by
CYP3A, higher variability in the predicted DDI with
CYP3A perpetrators is expected, as expressed by the wide
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confidence intervals around the predicted AUC and C.x
ratios of cobimetinib (Fig. 5), which is generally consis-
tent with other known CYP3A substrates [29, 30]. How-
ever, the accuracy of the predicted variability is yet to be
verified. Nevertheless, The PBPK model allowed predic-
tion of DDIs under different scenarios, such as cobime-
tinib administered either concomitantly or 4 h before the
dose of the inhibitor, to test the effect of dose staggering
on the DDI. Cobimetinib dose staggering did not appear
to reduce the simulated effect of CYP3A inhibition
caused by moderate and strong inhibitors significantly.
This is not surprising given that a near-maximum inhi-
bition effect on cobimetinib pharmacokinetics has been
reached with a significantly accumulated itraconazole and
OH-ITZ concentration after a total of 3 weeks of itra-
conazole daily dosing (to cover the long elimination half-
life of cobimetinib). Results from these analyses have
informed clinical DDI risk and label language [5], and
it can also be used to guide dose regimen design and
adjustment in combination with other prediction tools to
inform clinicians when using cobimetinib with other
drugs [31, 32].

5 Conclusions

This study demonstrated the value of using PBPK model
simulation to assess clinical DDI risk, which can be useful
in proposing label language. A cobimetinib PBPK model
developed and verified using existing clinical pharma-
cokinetic and DDI data was used to predict the effect of
moderate and strong inducers and weak and moderate
inhibitors of CYP3A4 on cobimetinib pharmacokinetics.
The simulation results suggest that weak CYP3A4 inhibi-
tors will not affect cobimetinib pharmacokinetics and
moderate inhibitors could increase the cobimetinib AUC
by ~3- to 4-fold and C,,,x by ~twofold. Strong and
moderate CYP3A4 inducers could decrease the cobime-
tinib AUC by 83 and 72 %, respectively, and the Cy,,x by
~63 %. Dose staggering appeared to have no significant
effect on the magnitude of DDIs predicted for cobimetinib.
These results were used to support the label language used
for cobimetinib.

Author contributions NRB, TJ, and YC participated in model
design; NRB, TJ, SE, LM, and YC collected data and ran simulations;
NRB, TJ, YC, and JYJ performed data analysis and wrote the
manuscript; NRB, TJ, LM, SE, MD, YC, and JYJ reviewed the
manuscript and approved it for submission.

Compliance with Ethical Standards This study was funded by
Genentech (a member of the Roche group). All authors (NRB, TJ,
LM, SE, MD, YC, and JYJ) were employees of Genentech when this
work was carried out. They have no other conflicts of interest to
declare.



Evaluation of Cobimetinib DDI Potential Using PBPK Modeling

1445

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Rice KD, Aay N, Anand NK, Blazey CM, Bowles OJ, Bussenius

J, et al. Novel carboxamide-based allosteric MEK inhibitors:
discovery and optimization efforts toward XL518 (GDC-0973).
ACS Med Chem Lett. 2012;3(5):416-21.

. Downward J. Targeting RAS signalling pathways in cancer

therapy. Nat Rev Cancer. 2003;3(1):11-22.

. Roberts PJ, Der CJ. Targeting the Raf-MEK-ERK mitogen-acti-

vated protein kinase cascade for the treatment of cancer. Onco-
gene. 2007;26(22):3291-310.

. Larkin J, Ascierto PA, Dreno B, Atkinson V, Liszkay G, Maio M,

et al. Combined vemurafenib and cobimetinib in BRAF-mutated
melanoma. N Engl J Med. 2014;371(20):1867-76.

. US Food and Drug Administration. Cobimetinib (Cotellic) pres-

ecribing information. Silver Spring: US Food and Drug Admin-
istration; 2015. http://www.accessdata.fda.gov/drugsatfda_docs/
label/2015/206192s0001bl.pdf.

. US Food and Drug Administration. Cobimetinib (COTELLIC)

clinical pharmacology and biopharmaceutics review: summary
basis of approval. Silver Spring: US Food and Drug Adminis-
tration; 2015. http://www.accessdata.fda.gov/drugsatfda_docs/
nda/2015/2061920rig1s000ClinPharmR.pdf. Accessed 5 May
2016.

. Choo EF, Belvin M, Boggs J, Deng Y, Hoeflich KP, Ly J, et al.

Preclinical disposition of GDC-0973 and prospective and retro-
spective analysis of human dose and efficacy predictions. Drug
Metab Dispos. 2012;40(5):919-27.

. Zhao P, Zhang L, Grillo JA, Liu Q, Bullock JM, Moon Y]J, et al.

Applications of physiologically based pharmacokinetic (PBPK)
modeling and simulation during regulatory review. Clin Phar-
macol Ther. 2011;89(2):259-67.

. Rostami-Hodjegan A, Tamai I, Pang KS. Physiologically based

pharmacokinetic (PBPK) modeling: it is here to stay! Biopharm
Drug Dispos. 2012;33(2):47-50.

Rostami-Hodjegan A, Tucker GT. Simulation and prediction of
in vivo drug metabolism in human populations from in vitro data.
Nat Rev Drug Discov. 2007;6(2):140-8.

European Medicines Agency (EMA)—Committee for Human
Medicinal Products (CHMP). Guideline on the investigation of
drug interactions. London: EMA; 2013.

US Food and Drug Administration. Guidance for industry: drug
interaction studies—study design, data analysis, implications for
dosing, and labeling recommendations (Draft Guidance). Rock-
ville: US Department of Health and Human Services; 2012.

US Food and Drug Administration. Ibrutinib (IMBRUCIVIA)
prescribing information. Sunnyvale: Phamacyclics, Inc.; 2015.
Musib L, Choo E, Deng Y, Eppler S, Rooney I, Chan IT, et al.
Absolute bioavailability and effect of formulation change, food,
or elevated pH with rabeprazole on cobimetinib absorption in
healthy subjects. Mol Pharm. 2013;10(11):4046-54.

Olkkola KT, Backman JT, Neuvonen PJ. Midazolam should be
avoided in patients receiving the systemic antimycotics keto-
conazole or itraconazole. Clin Pharmacol Ther. 1994;55(5):481-5.
Takahashi RH, Choo EF, Ma S, Wong S, Halladay J, Deng Y,
et al. Absorption, metabolism, excretion, and the contribution of
intestinal metabolism to the oral disposition of [14C]cobimetinib,
a MEK inhibitor, in humans. Drug Metab Dispos.
2016;44(1):28-39.

Rekic D, Roshammar D, Mukonzo J, Ashton M. In silico pre-
diction of efavirenz and rifampicin drug-drug interaction con-
sidering weight and CYP2B6 phenotype. Br J Clin Pharmacol.
2011;71(4):536-43.

Xu C, Quinney SK, Guo Y, Hall SD, Li L, Desta Z. CYP2B6
pharmacogenetics-based in vitro-in vivo extrapolation of

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

efavirenz clearance by physiologically based pharmacokinetic
modeling. Drug Metab Dispos. 2013;41(12):2004-11.
Waterhouse TH, Redmann S, Duffull SB, Eccleston JA. Optimal
design for model discrimination and parameter estimation for
itraconazole population pharmacokinetics in cystic fibrosis
patients. J Pharmacokinet Pharmacodyn. 2005;32(3-4):521-45.
Fotaki N, Klein S. Mechanistic understanding of the effect of
PPIs and acidic carbonated beverages on the oral absorption of
itraconazole based on absorption modeling with appropriate
in vitro data. Mol Pharm. 2013;10(11):4016-23.

Heykants J, Van Peer A, Van de Velde V, Van Rooy P, Meul-
dermans W, Lavrijsen K, et al. The clinical pharmacokinetics of
itraconazole: an overview. Mycoses. 1989;32(Suppl 1):67-87.
Ke AB, Zamek-Gliszczynski MJ, Higgins JW, Hall SD. Itra-
conazole and clarithromycin as ketoconazole alternatives for
clinical CYP3A inhibition studies. Clin Pharmacol Ther.
2014;95(5):473-6.

Templeton I, Ravenstijn P, Sensenhauser C, Snoeys J. A physi-
ologically based pharmacokinetic modeling approach to predict
drug-drug interactions between domperidone and inhibitors of
CYP3A4. Biopharm Drug Dispos. 2015;37(1):15-27.

Yamazaki S, Johnson TR, Smith BJ. Prediction of drug—drug
interactions with crizotinib as the CYP3A substrate using a
physiologically based pharmacokinetic model. Drug Metab Dis-
pos. 2015;43(10):1417-29.

Marsousi N, Daali Y, Rudaz S, Almond L, Humphries H, Des-
meules J, et al. Prediction of metabolic interactions with oxy-
codone via CYP2D6 and CYP3A inhibition using a
physiologically based pharmacokinetic model. CPT Pharmaco-
metrics Syst Pharmacol. 2014;3:e152.

Nordmark A, Andersson A, Baranczewski P, Wanag E, Stahle L.
Assessment of interaction potential of AZD2066 using in vitro
metabolism tools, physiologically based pharmacokinetic mod-
elling and in vivo cocktail data. Eur J Clin Pharmacol.
2014;70(2):167-78.

Chen J, Liu D, Zheng X, Zhao Q, Jiang J, Hu P. Relative con-
tributions of the major human CYP450 to the metabolism of
icotinib and its implication in prediction of drug-drug interaction
between icotinib and CYP3A4 inhibitors/inducers using physio-
logically based pharmacokinetic modeling. Expert Opin Drug
Metab Toxicol. 2015;11(6):857-68.

Han K, Jin JY, Marchand M, Eppler S, Choong N, Hack SP, et al.
Population pharmacokinetics and dosing implications for
cobimetinib in patients with solid tumors. Cancer Chemother
Pharmacol. 2015;76(5):917-24.

de Jong J, Skee D, Murphy J, Sukbuntherng J, Hellemans P, Smit
J, et al. Effect of CYP3A perpetrators on ibrutinib exposure in
healthy participants. Pharmacol Res Perspect. 2015;3(4):e00156.
Bakken GV, Rudberg I, Molden E, Refsum H, Hermann M.
Pharmacokinetic variability of quetiapine and the active
metabolite N-desalkylquetiapine in psychiatric patients. Ther
Drug Monit. 2011;33(2):222-6.

Tod M, Nkoud-Mongo C, Gueyffier F. Impact of genetic poly-
morphism on drug—drug interactions mediated by cytochromes: a
general approach. AAPS J. 2013;15(4):1242-52.

Linares OA, Fudin J, Boston RC, Daly AL. Integrating clinical
pharmacokinetics, pharmacogenetics, and quantitative cyto-
chrome P450 polymorphic gene drug—drug interactions (DDIs).
Pain Physician. 2015;18(3):E439-41.

US Food and Drug Administration. Itraconazole (SPORANOX)
clinical pharmacology and biopharmaceutics review: summary
basis of approval. Silver Spring: US Food and Drug Adminis-
tration; 1999. http://www.accessdata.fda.gov/drugsatfda_docs/
nda/99/20-966_SPORANOX%20INJECTION%2010MG%20PER
9%20ML_BIOPHARMR.PDF. Accessed 5 May 2016.

A\ Adis


http://www.accessdata.fda.gov/drugsatfda_docs/label/2015/206192s000lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2015/206192s000lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/nda/2015/206192Orig1s000ClinPharmR.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/nda/2015/206192Orig1s000ClinPharmR.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/nda/99/20-966_SPORANOX%20INJECTION%2010MG%20PER%20ML_BIOPHARMR.PDF
http://www.accessdata.fda.gov/drugsatfda_docs/nda/99/20-966_SPORANOX%20INJECTION%2010MG%20PER%20ML_BIOPHARMR.PDF
http://www.accessdata.fda.gov/drugsatfda_docs/nda/99/20-966_SPORANOX%20INJECTION%2010MG%20PER%20ML_BIOPHARMR.PDF

	Evaluation of Cytochrome P450 3A4-Mediated Drug--Drug Interaction Potential for Cobimetinib Using Physiologically Based Pharmacokinetic Modeling and Simulation
	Abstract
	Background and Objectives
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Cobimetinib Physiologically Based Pharmacokinetic (PBPK) Model Development and Verification
	Itraconazole (ITZ) and Hydroxy-Itraconazole (OH-ITZ) PBPK Model Optimization and Verification
	Simulation of Itraconazole--Cobimetinib Drug--Drug Interaction (DDI)
	Application of the Cobimetinib PBPK Model
	Simulation of the Effect of Weak and Moderate Cytochrome P450 (CYP) 3A Inhibitors
	Simulation of the Effect of Moderate and Strong CYP3A Inducers


	Results
	Cobimetinib PBPK Model Development and Verification
	Optimization and Verification of the Itraconazole and OH-ITZ PBPK Models
	Simulation of the DDI Between Itraconazole and Cobimetinib
	Application of the Cobimetinib PBPK Model
	Simulation of the Effect of Weak and Moderate CYP3A Inhibitors
	Simulation of the Effect of Moderate and Strong CYP3A Inducers


	Discussion
	Conclusions
	Author contributions
	References




