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Abstract

A combination of olanzapine and samidorphan (OLZ/SAM) was recently approved
by the US Food and Drug Administration for treatment of patients with schizophrenia
or bipolar I disorder. The effects of moderate hepatic impairment on the pharmacoki-
netics (PKs) of olanzapine and samidorphan after a single dose of OLZ/SAM were
characterized in a clinical study. Physiologically-based pharmacokinetic (PBPK)
modeling was used to extend the clinical findings to predict the effects of varying
degrees of hepatic impairment on the PKs of olanzapine and samidorphan. A previ-
ously developed PBPK model for OLZ/SAM was refined to recover the observed
pharmacokinetic differences between individuals with moderate hepatic impairment
and healthy controls. The optimized model was applied to predict changes in olan-
zapine and samidorphan PKs after multiple once-daily doses of OLZ/SAM in sub-
jects with mild, moderate, and severe hepatic impairment relative to healthy controls.
Modifications to model parameters, including absorption rate constant and fraction
unbound to plasma protein, were made to recover the observed change in the PKs
of olanzapine and samidorphan in individuals with moderate hepatic impairment. In
applying the optimized model, mild, moderate, and severe hepatic impairment were
predicted to increase steady-state total systemic exposures by 1.1-, 1.5-, and 1.6-fold,
respectively, for olanzapine, and by 1.2-, 1.9-, and 2.3-fold, respectively, for samidor-
phan. PBPK modeling allowed for prediction of untested clinical scenarios of varying

degrees of hepatic impairment in lieu of additional clinical studies.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

Hepatic metabolism plays a major role in the clearance of olanzapine and samidor-
phan. Findings from a clinical study indicated a modest increase in both olanzapine
and samidorphan exposures in subjects with moderate hepatic impairment compared
with healthy controls with normal hepatic function.
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WHAT QUESTION DID THIS STUDY ADDRESS?

This study addressed the feasibility of using physiologically-based pharmacokinetic
(PBPK) modeling to predict the effects of varying degrees of hepatic impairment on
steady-state exposures of olanzapine and samidorphan after daily administration of
OLZ/SAM.

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

This study highlights the utility of applying the PBPK model for OLZ/SAM to predict
the effects of mild, moderate, and severe hepatic impairment on pharmacokinetics of
OLZ and SAM in lieu of additional clinical studies.

HOW MIGHT THIS CHANGE DRUG DISCOVERY, DEVELOPMENT,
AND/OR THERAPEUTICS?

Appropriately executed PBPK models may enhance understanding of drug exposures,
supporting clinical development and regulatory decision making, while potentially

INTRODUCTION

A combination of the antipsychotic olanzapine and the opi-
oid receptor antagonist samidorphanl"3 (OLZ/SAM; Lybalvi,
Alkermes, Inc.) was recently approved by the US Food and
Drug Administration for the treatment of patients with schiz-
ophrenia or bipolar I disorder. The inclusion of samidorphan
in OLZ/SAM mitigates weight gain associated with olanzap-
ine use, without compromising the efficacy of olanzapine.
The antipsychotic efficacy and weight mitigation effect of
OLZ/SAM were established in separate randomized, active
comparator- and/or placebo-controlled, double-blind, phase
III clinical trials.*> The pharmacokinetics (PKs) of olan-
zapien and samidorphan has been evaluated in a number of
clinical studies of OLZ/SAM, in both healthy subjects®™® and
in patients with schizophrenia.’

Olanzapine is extensively metabolized in the liver, with
7% of the administered dose being excreted renally as un-
changed olanzapine.10 The primary metabolic pathways of
olanzapine are direct glucuronidation, via uridine 5'-diphosp
ho-glucuronosyltransferase (UGT) enzymes, and cytochrome
P450 (CYP)-mediated oxidation, mainly by CYPIA2,
with contributions from other CYP enzymes, particularly
CYp2cs. ! Samidorphan is eliminated primarily via
CYP3A4-mediated hepatic metabolism and renal excretion,
with ~ 20% of the administered dose being excreted renally
as unchanged samidorphan.lz’13

Because hepatic metabolism plays a major role in both
olanzapine and samidorphan clearance, it is possible that im-
pairment in hepatic function could impact the PKs of both
compounds. As an initial step toward understanding the ef-
fects of liver dysfunction on PKs of olanzapine and sami-
dorphan, a clinical study was conducted in subjects with
moderate hepatic impairment (Child-Pugh scores ranging
from 7-9, class B) and healthy controls with normal hepatic

reducing the need to conduct additional clinical trials.

function.'? Following a single oral dose of OLZ/SAM
5 mg/10 mg (5/ 10),'? subjects with moderate hepatic impair-
ment had increased olanzapine and samidorphan exposures
(area under the plasma concentration-time [C-T] curve from
time O to infinity [AUC,,¢] increased 1.67- and 1.52-fold,
respectively, and maximum plasma concentrations [C,,,.]
increased 2.17- and 1.63-fold, respectively) compared with
healthy controls. Based on the magnitude of increase in olan-
zapine and samidorphan exposures observed with moderate
hepatic impairment after a single dose, further evaluation of
the effect of other categories of hepatic impairment under
a clinical dosing paradigm (i.e., chronic daily dosing) was
needed.

Therefore, to extend the findings from the clinical study
of OLZ/SAM in subjects with moderate hepatic impair-
ment'? to other untested clinical scenarios, we verified the
physiologically-based pharmacokinetic (PBPK) modeling
predictions against existing clinical data and used PBPK
modeling to predict the effect of mild, moderate, and severe
hepatic impairment on the steady-state PKs of olanzapine
and samidorphan after multiple once-daily administration of
OLZ/SAM.

METHODS

An overview of the steps underlying PBPK model develop-
ment, validation, and application are presented in Figure 1.
Model development

The PBPK models for olanzapine (minimal model; single

adjusting compartment) and for samidorphan (full PBPK
model; inclusion of additional tissues) were constructed using



PREDICTING HEPATIC IMPAIRMENT EFFECT ON OLZ/SAM PK

| 1073
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» Models for olanzapine and samidorphan incorporate:
o Drug data (eg, solubility, permeability, metabolism)
o Systems data (eg, tissue volumes, blood flow, enzyme abundance)
o Clinical data (eg, route of administration, dose)

« Create merged model for OLZ/SAM

Validate:
adjust
for HI

* Compare PBPK model outputs with observed data from PK studies in
healthy subjects given OLZ/SAM

» Compare model-predicted effect of moderate Hl on PK of each drug with
observed PK data from single-dose OLZ/SAM (5 mg/10 mg) clinical study

» Adjust parameters (ie, absorption, plasma protein binding) in subjects with
Hl so model predictions better align with clinical data

Apply:
predict
effect of
Hl on PK

» Simulate and compare olanzapine and samidorphan PK profiles after
multiple-dose administrations of OLZ/SAM (10 mg/10 mg) in subjects with
mild, moderate, and severe HI and in healthy controls

the Simcyp Simulator (Certara; Princeton, NJ) and were pre-
viously described, including the input parameters for each.'
The two models were combined to represent the administra-
tion of olanzapine and samidorphan in combination as OLZ/
SAM. This PBPK model was previously developed based on
in vitro and clinical PK data and applied to evaluate potential
drug-drug interactions with OLZ/SAM.'" Here, modifica-
tions to the absorption parameters within the previously de-
veloped PBPK model and changes in plasma protein binding
in subjects with hepatic impairment were required to recover
the observed differences in C,, time to Cp ., (Ty,,,) and
AUC,,; between subjects with moderate hepatic impairment
and age- and weight-matched healthy controls'? (described in
further detail in the Model Validation section below).
Predictions of plasma drug C-T profiles and PK parame-
ters were performed using the Simcyp Simulator in popula-
tions of virtual individuals. Default Simcyp parameter values
for creating a virtual North European Caucasian population
(physiological parameters, including liver volume and blood
flows, and enzyme abundances) have been described previ-
ously.15 All parameter values for the healthy volunteer pop-
ulation, with the exception of demographic data, were the
same as the default Simcyp parameters for the White popula-
tion. The following equation was used to recover the weight
distributions observed for both the healthy age-matched

control subjects and subjects with moderate hepatic im-
pairment: weight (kg) = ¢! X1 + €0 with values for CO
and C1 of 2.8 and 0.0097 in men and 2.925 and 0.0097 in
women, respectively. Once the value was calculated for ex-
pected weight, a random variability (coefficient of variation
[CV]: 10% for both men and women) was added, assuming a
normal distribution.

Three cirrhosis population models are available in the
Simcyp Simulator, reflecting Child-Pugh classes A, B, and
C'® (corresponding to subjects with mild, moderate, and
severe hepatic impairment, respectively). Some of the key
differences between these models and the healthy volunteer
population model include liver volume, enzyme abundance
levels, and extent of plasma protein binding.16

The decrease in liver size with increasing severity of cir-
rhosis is based on measurements of the functional hepato-
cyte volume as a direct reflection of the functional reserve
of the organ. Liver volume in subjects with mild, moderate,
and severe hepatic impairment was estimated to be 0.89-,
0.71-, and 0.63-fold, respectively, of that in healthy age-
matched control subjects. The abundance of CYP3A4 was
estimated to be 137, 108, 56, and 31 pmol P450/mg protein
in healthy controls and subjects with Child-Pugh class A, B,
and C, respectively. Similarly, the respective abundance of
CYP1A2 was estimated to be 52.0, 32.9, 13.6, and 6.1 pmol
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P450/mg protein; the respective abundance of CYP2C8
was estimated to be 24.0, 16.6, 12.5, and 7.9 pmol P450/
mg protein. It should be noted that some UGTs have been
reported to be more resistant to hepatic injury.17 Thus, the
UGT1A4 enzyme levels were fixed in all models at a value
of 52.0 pmol/mg protein. An increase or decrease in plasma
protein binding of a drug is often observed in mild, moder-
ate, and severe hepatic impairment due to decreased levels of
albumin or an increase in plasma levels of alpha acid. Data
from the clinical study indicated that the fraction unbound to
plasma protein (f,) for olanzapine was similar between sub-
jects with moderate hepatic impairment and healthy control
subjects.12 Therefore, two scenarios of f,, were assessed: first,
simulations assumed no change in the extent of plasma pro-
tein binding for either olanzapine or samidorphan in subjects
with hepatic impairment (0.07 for olanzapine and 0.69 for
samidorphanM), then simulations assumed Simcyp predicted
values of f, for populations with mild, moderate, and severe
hepatic impairment (0.08, 0.10, and 0.13 for olanzapine, re-
spectively, and 0.71, 0.76, and 0.81 for samidorphan, respec-
tively). For both drugs, it was assumed that the main binding
protein was albumin.

Due to reduced renal blood flow and increased renal resis-
tance, there is a progressive reduction in renal function with
increasing severity of liver disease. Serum creatinine values
describing renal function in liver cirrhosis within Simcyp
were back-calculated from typically reported glomerular fil-
tration rate values for each of the Child-Pugh classes.

Finally, gastrointestinal symptoms are common in cir-
rhosis, and their pathophysiology probably involves factors
related to liver disease severity, psychological distress, and
gut dysfunction (e.g., gastric sensorimotor dysfunction and
delayed gut transit).'® Gastric emptying and small bowel
transit have generally been shown to be prolonged in sub-
jects with hepatic impairment.18 In the Simcyp models,
the gastric emptying time was increased from the healthy
control value of 0.4 h to 0.48 h, 0.55 h, and 0.6 h for sub-
jects with mild, moderate, and severe hepatic impairment,
respectively.

Model validation

The PBPK model for OLZ/SAM was initially validated by
comparing model-simulated plasma C-T profiles and PK pa-
rameters of olanzapine and samidorphan with observed clini-
cal data following a single dose of OLZ/SAM 10 mg/10 mg
(10/10) in healthy subjects,6’8 and following multiple once-
daily doses of OLZ/SAM 10/10 for 14 days in patients with
schizophr<3nia.6’8 Initial model validation was previously
reported.'* The model was further validated by comparing
model-simulated C-T profiles and the PK parameters of olan-
zapine and samidorphan with observed data from the clinical

study that evaluated the effects of moderate hepatic impair-
ment on the PKs of olanzapine and samidorphan after a sin-
gle dose of OLZ/SAM 5/10."?

Virtual trials were generated to match subject demograph-
ics (i.e., age and sex) and treatment characteristics of the clin-
ical study12: 10 virtual trials of 10 subjects with moderate
hepatic impairment (20% women; aged 49-70 years), and
10 trials of 10 healthy controls with normal hepatic function
(27% women; aged 55-67 years). All virtual subjects were
nonsmokers and received a single dose of OLZ/SAM 5/10 in
the fasted state.

Model application

The optimized model was applied to predict hepatic
impairment—induced changes in steady-state systemic ex-
posures of olanzapine and samidorphan after multiple once-
daily doses of OLZ/SAM 10/10 for 14 days. Each simulation
consisted of 10 virtual trials of 10 subjects each (20% female;
aged 49-70 years) in the following groups: (1) subjects with
mild hepatic impairment (Child-Pugh class A), (2) subjects
with moderate hepatic impairment (Child-Pugh class B); (3)
subjects with severe hepatic impairment (Child-Pugh class
C); and (4) healthy control subjects with normal hepatic
function. All virtual subjects were nonsmokers.

RESULTS
Model validation

A comparison of model-predicted PK parameters with ob-
served data following a single dose of OLZ/SAM 5/10 in
subjects with moderate hepatic impairment revealed that the
original PBPK model'* did not capture the observed shorten-
ing of T,,,,, resulting in an underprediction of C,,,, for both
olanzapine and samidorphan. The results of automated sensi-
tivity analyses identified a relationship between the absorp-
tion rate constant (k,) and the predicted T, ,, for olanzapine
and samidorphan in subjects with moderate hepatic impair-
ment (Figure 2a,b, respectively). A k, value of 4 h™! for olan-
zapine and 1.6 h™" for samidorphan were required to recover
the observed shortening of T,,,, values in subjects with mod-
erate hepatic impairment. In addition, simulations assuming
an increased f, in subjects with hepatic impairment (0.10 for
olanzapine and 0.76 for samidorphan) compared with healthy
controls (0.07 for olanzapine and 0.69 for samidorphan) re-
sulted in predicted C,,,, and/or AUC; ratios (moderate he-
patic impairment/healthy controls) that were more consistent
with the observed data in the clinical study. 12

Following modification of the k, and f,, values for subjects
with moderate hepatic impairment, model-simulated plasma
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FIGURE 2 Sensitivity analyses depicting the relationship between the absorption rate constant (k,) and the predicted T,,,, of (a) olanzapine

or (b) samidorphan in subjects with moderate hepatic impairment. k,, first order absorption rate constant; T,,,,, time to maximum plasma

concentration

C-T profiles and PK parameters for olanzapine and samidor-
phan in healthy controls and in subjects with moderate he-
patic impairment were reasonably consistent with observed
data (Table 1 and Figure 3a-d).'? The only exception was the
mean C,,, value for olanzapine in individuals with moderate
hepatic impairment; for this parameter, the model underpre-
dicted the observed data by 46% (Table 1). However, whereas
the predicted mean C,,, values for the 10 virtual trials of 10
individuals with moderate hepatic impairment ranged from
4.1 to 7.0 ng/ml, the predicted minimum to maximum C_,,
values for the population of 100 virtual individuals spanned
the range of observed C,,,, values (observed C,,,, range: 5.3—
17.7 ng/ml; predicted individual C,, range: 1.9-20.9 ng/
ml). Based on geometric mean data (Table 2), the model
predicted a 1.51-fold increase in the AUC;; of olanzapine in
subjects with moderate hepatic impairment compared with
healthy controls, which was consistent with the 1.67-fold in-
crease observed in the clinical study.'” Similarly, the model
predicted a 1.79-fold increase in the AUC;,; of samidorphan
in subjects with moderate hepatic impairment, consistent
with the 1.52-fold increase observed in the clinical study.12
The observed 2.17-fold increase in olanzapine C,,,, was un-
derpredicted by the PBPK model (1.14-fold), whereas the
observed 1.63-fold increase in samidorphan C,  was well-
predicted by the PBPK model (1.61-fold)."

Model application
Simulated steady-state plasma C-T profiles of olanzapine

and samidorphan in subjects with mild, moderate, or severe
hepatic impairment compared with healthy, age-matched

controls after once-daily administration of OLZ/SAM 10/10
for 14 days are depicted in Figure 4a,b.

Model-predicted steady-state C,,,; (Cy ) and AUC
(AUC,,) of olanzapine and samidorphan in subjects with
mild, moderate, or severe hepatic impairment compared with
healthy controls are presented in Table 3. PBPK predictions
indicated that exposures of olanzapine and samidorphan
increased as the severity of hepatic impairment increased.
The increase in C,,,  was predicted to be less than 1.5-fold
for both olanzapine and samidorphan in subjects with mild
hepatic impairment compared with subjects with normal
hepatic function. Increases in C,,  of 1.5- to 1.6-fold for
olanzapine and 1.8- to 2.1-fold for samidorphan were pre-
dicted in subjects with moderate to severe hepatic impair-
ment compared with healthy controls. The increase in AUC
was predicted to be up to 1.6-fold for olanzapine and up to
2.3-fold for samidorphan in subjects with severe hepatic im-
pairment compared with healthy controls.

DISCUSSION

In the current study, a previously developed and validated
PBPK model for OLZ/SAM'* was modified and further op-
timized using the observed data from a clinical study that
evaluated the effects of moderate hepatic impairment on the
PKs of olanzapine and samidorphan after a single dose of
OLZ/SAM 5/10."> The model was applied to further evalu-
ate the effects of varying degrees of hepatic impairment on
steady-state olanzapine and samidorphan exposures under the
clinical dosing regimen (i.e., chronic daily dosing at the ther-
apeutic dose of OLZ/SAM 10/10) and highlights the utility
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FIGURE 3 Model validation: observed and simulated concentrations of olanzapine in (a) healthy controls and (b) subjects with moderate

hepatic impairment, and of samidorphan in (c) healthy controls and (d) subjects with moderate hepatic impairment, following a single dose of
OLZ/SAM 5 mg/10 mg. The solid line represents the mean data for the simulated population (n = 100), and the dashed lines are the 5th and 95th
percentiles of the population. Observed data (n = 10'%) are presented as symbols; each subject is indicated by a distinct color. The insets in (b) and
(d) depict early time points in greater detail. OLZ/SAM, combination of olanzapine and samidorphan

of PBPK modeling to extend available clinical findings to
additional untested clinical scenarios, especially in popula-
tions where conducting trials can be challenging (e.g., sub-
jects with hepatic impairment). Ultimately, this may reduce
the number of patients needed to characterize new pharma-
cologic entities, and may be associated with investigational
time and cost savings.

Chronic liver disease produces a number of physiologic
effects that have subsequent impact on drug PKs. Liver dis-
ease progression is associated with scar tissue deposition that
disrupts the normal liver architecture and reduces the number
of functional hepatocytes.lﬁ’19 These changes may directly
affect the clearance of drugs by altering liver size, enzyme
expression, plasma protein binding, and hepatic blood flow.
In addition, gastrointestinal symptoms are common in liver

disease.'® The PBPK model used here to simulate PK pro-
files of olanzapine and samidorphan in subjects with varying
degrees of liver deterioration took into account these altered
processes (i.e., changes in liver size and enzyme abundance
and slower gastrointestinal emptying).

Two primary findings related to the current PBPK model-
ing warrant further discussion. First, the median T, ,, of 1.5h
for olanzapine and 0.5 h for samidorphan were observed in
subjects with moderate hepatic impairment compared with
7.0 h for olanzapine and 1.0 h for samidorphan in healthy
control subjects with normal hepatic function.'” A shorten-
ing of T, in individuals with hepatic impairment relative to
those with normal hepatic function also was observed with
the drug bosutinib, and was ascribed to decreased gastroin-
testinal absorption due to congestion and reduced blood flow
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TABLE 2 Comparison of model-predicted and observed geometric mean C,,, and AUC values for olanzapine and samidorphan after a single
dose of OLZ/SAM 5 mg/10 mg in healthy control subjects with normal hepatic function and subjects with moderate hepatic impairment (model

validation)
Cnax (ng/ml) AUC;,; (ng h/ml)
Healthy Healthy

Parameter control Moderate HI Ratio® control Moderate HI Ratio®
Olanzapine

Observed'? 52 112 2.17 276 462 1.67

Simulated 4.6 5.3 1.14 225 338 1.51
Samidorphan

Observed'? 29.6 48.1 1.63 278 422 1.52

Simulated 33.5 54.0 1.61 277 495 1.79

Abbreviations: AUC;, area under the plasma drug concentration-time curve from time 0 to infinity; C,,,, maximum plasma concentration; HI, hepatic impairment;

OLZ/SAM, combination of olanzapine and samidorphan.

“Moderate HI relative to age-matched controls with normal hepatic function.
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FIGURE 4 Model application: simulated plasma concentrations of olanzapine (a) and samidorphan (b) after once-daily doses of OLZ/SAM
10 mg/10 mg for 14 days. The lines represent the mean data for simulated populations (n = 100) of subjects with normal hepatic function (black)
and subjects with mild hepatic impairment (green), moderate hepatic impairment (blue) and severe hepatic impairment (red). Simulations assume
reduced plasma protein binding in individuals with hepatic impairment. For olanzapine, the mean f, values were 0.07, 0.08, 0.10, and 0.13 for
subjects with normal hepatic function and for those with mild, moderate and severe hepatic impairment, respectively; for samidorphan, the mean f,

values were 0.69, 0.71, 0.76, and 0.81 for subjects with normal hepatic function and for those with mild, moderate and severe hepatic impairment,
respectively. f, fraction unbound in plasma; OLZ/SAM, combination of olanzapine and samidorphan

to the intestinal mucosa.’’ When combined with the Simcyp
moderate hepatic impairment (Child-Pugh-B) population
model, the previously developed PBPK model for OLZ/SAM
did not capture the observed shortening of T, ,, in subjects
with moderate hepatic impairment, resulting in an under-
prediction of C_,, for both olanzapine and samidorphan.
Subsequent sensitivity analyses revealed that modifications
to the absorption rate constant k, were required to recover the
observed olanzapine and samidorphan T, ,, and C,,, values
in subjects with hepatic impairment (Table 1).

Second, although the fraction of olanzapine unbound
to plasma protein (f,) observed in the clinical study was

similar in subjects with moderate hepatic impairment and
healthy controls,'? the PBPK model—predicted AUC that
assumed an increased f, with moderate hepatic impairment
(f, = 0.10 for olanzapine; f, = 0.76 for samidorphan) com-
pared with healthy controls with normal hepatic function
(f, = 0.07 for olanzapine and f, = 0.69 for samidorphan“)
was more consistent with the observed data. Therefore,
simulations were carried out assuming an increase in f
for populations with mild, moderate, and severe hepatic
impairment (i.e., 0.08, 0.10, and 0.13, respectively, for
olanzapine, and 0.71, 0.76, and 0.81, respectively, for
samidorphan).
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TABLE 3 Model-predicted geometric mean steady-state C

max

ASCPT

and AUC values for olanzapine and samidorphan after once-daily doses of OLZ/

SAM 10 mg/10 mg for 14 days in subjects with hepatic impairment compared with age-matched healthy controls (model application)

Cinaxs» ng/ml AUC,, ng h/ml
Healthy Mild Moderate Severe Healthy Mild Moderate Severe
Variable control HI HI HI control HI HI HI
Olanzapine 34.4 409 51.2 532 688 783 1031 1077
Ratio" — 1.19 1.49 1.55 — 1.14 1.50 1.57
Samidorphan ~ 35.2 51.8 63.0 74.0 261 321 495 604
Ratio® — 1.47 1.79 2.10 — 1.23 1.90 2.32

Abbreviations: AUC
impairment; OLZ/SAM, combination of olanzapine and samidorphan.

582

“Relative to age-matched controls with normal hepatic function.

Following modification of k, and f,, the predicted 1.51-
fold increase in geometric mean AUC for olanzapine in
subjects with moderate hepatic impairment was reasonably
consistent with the 1.67-fold increase observed in clinical
study.12 Similarly, for samidorphan, the predicted 1.79-fold
increase in geometric mean AUC in subjects with moderate
hepatic impairment was reasonably consistent with the 1.52-
fold increase observed in the clinical study.12 Modification to
k, and f, values had minimal impact on the predicted effect
of moderate hepatic impairment on the AUCs of olanzapine
and samidorphan, and, therefore, is not expected to impact
the predictability of the model in untested clinical scenarios
(e.g., patients with mild or severe hepatic impairment).

The use of PBPK modeling as a translational tool has
increased in recent years owing to a number of factors.”!
Progress has been achieved in understanding the systems
biology underlying PBPK models (e.g., enzyme and trans-
porter function in organs is now better defined), commercial
software platforms have become available, and PBPK mod-
els allow existing clinical data to be extended to unstudied
populations without the cost and difficulty of conducting and
coordinating additional clinical trials, sparing patients from
potential adverse events. Findings from appropriately exe-
cuted PBPK models may enhance the understanding of drug
exposures and support preclinical and clinical development
and regulatory decision making.22 The findings presented
here are strengthened by the well-characterized PKs of olan-
zapine and samidorphan from clinical trials, whereas study
limitations include those common to PBPK models in gen-
eral,?® such as the possibility that in vitro assays may not fully
represent in vivo pathways or potential knowledge gaps (e.g.,
use scaling factors to calculate abundance; parameter non-
identifiability). In addition, the effects of hepatic impairment
on the PKs of olanzapine and samidorphan were evaluated
in nonsmokers in the current model, and smoking is associ-
ated with an increase in abundance of CYP1A2.% However,
because olanzapine exposure is known to be lower in smok-
ers compared with nonsmokers, and samidorphan exposure

area under the plasma drug concentration-time curve at steady state; C

maxsss Maximum plasma concentration at steady state; HI, hepatic

is not affected by smoking,'*** the effect of hepatic impair-

ment evaluated based on nonsmokers is a more conservative
estimate of the higher drug exposure levels due to hepatic
impairment.

In conclusion, a previously developed PBPK model for
OLZ/SAM was optimized using existing clinical data and
applied to assess the impact of varying degrees of hepatic
impairment on the PKs of olanzapine and samidorphan in
lieu of additional clinical studies. PBPK modeling indicated
that mild hepatic impairment would have minimal impact on
steady-state exposures of olanzapine and samidorphan, and
moderate to severe hepatic impairment would result in up to
1.6-fold and 2.3-fold increases in total exposure (AUC) of
olanzapine and samidorphan, respectively.
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