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Physiologically based pharmacokinetic
modeling to predict the effect of risperidone
on aripiprazole pharmacokinetics in subjects
with different CYP2D6 genotypes and
individuals with hepatic impairment
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Abstract

Background: Aripiprazole and risperidone, widely used atypical antipsychotics, are
commonly adjunctively prescribed in clinical practice. When aripiprazole was combined with
risperidone, the genotype of drug-metabolizing enzymes and liver impairment may lead

to complex pharmacokinetic changes. The Physiologically Based Pharmacokinetic (PBPK)
model can predict the influence of these factors on plasma concentration and optimize
dosage regimens.

Objectives: This study aims to investigate the pharmacokinetic changes of aripiprazole
caused by various influencing factors when it was co-administered with risperidone through
PBPK models.

Design: The PBPK models of aripiprazole and risperidone were developed by gathering
physicochemical parameters and drug-specific parameters. Then, by combining the inhibitory
parameters, the enzymatic kinetic parameters of CYP2D6 genotypes, and the changes in
anatomical and physiological parameters when liver function is damaged, the corresponding
PBPK models were further established. Finally, this study put forward dosage optimization
recommendations for situations where risks may exist.

Methods: The comparison between predicted and observed plasma concentration data,
along with the assessment of pharmacokinetic parameters, was utilized to evaluate the fit
performance of the models.

Results: The simulations of the PBPK model revealed that co-administration of risperidone
did not result in significant changes in aripiprazole pharmacokinetics. However, in individuals
with mild hepatic impairment and CYP2D6 normal metabolizer, a dose reduction of
approximately 11% was advised when aripiprazole was combined with risperidone. When
individuals with mild liver damage have CYP2Dé genotypes of intermediate metabolizer (IM)
and poor metabolizer (PM), aripiprazole doses should be further reduced to 61% and 51%,
respectively.

Conclusion: The co-administration of aripiprazole and risperidone is generally considered
safe from a pharmacokinetic perspective. However, if individuals have a CYP2Dé genotype of
IM or PM and/or if they have mild hepatic impairment, adjusting the dose of aripiprazole is
advisable to mitigate potential risks when combining it with risperidone.
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Plain language summary

Develop a physiologically based pharmacokinetic model of co-administration of
aripiprazole and risperidone to predict the exposure of aripiprazole pharmacokinetics
in subjects with different CYP2Dé genotype and individuals with hepatic impairment

Why was the study done? Aripiprazole and risperidone are both atypical antipsychotics,
primarily used for the treatment of common psychiatric disorders such as schizophrenia
and bipolar disorder. When used together, genetic enzyme variants and liver dysfunction
can cause complex pharmacokinetics. The Physiologically Based Pharmacokinetic
(PBPK) model helps predict these changes and guides dosage adjustments.

What did the researchers do? We developed PBPK models using the reported
physicochemical properties of aripiprazole and clinical data. We validated the PBPK models.

What did the researchers find? We found that the individuals with mild hepatic
impairment and (or) different CYP2D6 genotype need dosage adjustments: 1. In
individuals with mild hepatic impairment, a dose reduction of approximately 11% was
advised when aripiprazole is combined with risperidone. 2. When individuals with mild
liver damage have CYP2Dé genotypes of intermediate metabolizer and poor metabolizer,
aripiprazole doses should be further reduced to 61% and 51% when combined with

risperidone, respectively.

What did the findings mean? If individuals have a CYP2Dé genotype of intermediate
metabolizer or poor metabolizer and/or if they have mild hepatic impairment, adjusting
the dose of aripiprazole is advisable to mitigate potential risks when combining it with

risperidone.

Keywords: aripiprazole, CYP2Dé genotype, physiologically based pharmacokinetic model,

risperidone
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Introduction

Schizophrenia is a common and severe mental dis-
order with high disability rates and a significant dis-
ease burden in clinical practice. Antipsychotic
medications are the primary treatment for schizo-
phrenia.!-3 Atypical antipsychotic drugs often cause
adverse drug reactions such as metabolic syn-
drome, hyperprolactinemia, and QT prolongation.
Risperidone, a widely prescribed atypical antipsy-
chotic, is known to carry a significant risk of induc-
ing hyperprolactinemia. Aripiprazole is another
atypical antipsychotic medication commonly
employed in clinical settings. Several studies have
shown that risperidone and aripiprazole adjunctive
treatment can resolve hyperprolactinemia induced
by risperidone, so psychiatrists often add ari-
piprazole to risperidone therapy to enhance the

therapeutic effect and reduce the incidence of
hyperprolactinemia.*% A meta-analysis published
in 2021 demonstrated that adjunctive use of ari-
piprazole, metformin, and paeconiae-glycyrrhiza
decoction is beneficial in reducing hyperprolactine-
mia induced by atypical antipsychotic drugs, with
aripiprazole showing the most significant effect.”

Both risperidone and aripiprazole are mainly
transformed through CYP2D6 and CYP3A4
into their metabolites,3° indicating that there may
be competitive inhibition leading to potential
drug—drug interaction (DDI). Currently, there is
no literature evidence to support the safety of the
concurrent use of the two medications. Previous
studies have suggested that risperidone can
increase the concentration of aripiprazole when
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used together,!° and pharmacological databases
such as DrugBank also suggested an increased
risk of adverse reactions when the two drugs are
combined.!! However, some studies indicated
that co-administration did not lead to significant
pharmacokinetic changes.512

The genetic polymorphism of CYP2D6 is another
crucial factor influencing the exposure levels
of aripiprazole and risperidone.!> Guidelines of
the Dutch Pharmacogenetics Working Group
(DPWG) and Clinical Pharmacogenetics
Implementation Consortium (CPIC) have clearly
specified that doses of antipsychotic medications
like aripiprazole and risperidone should be
adjusted according to the individual’s CYP2D6
genotype.1416 In addition to the aforementioned
factors, hepatic impairment is another main fac-
tor affecting drug metabolism, and this process is
called drug-disease interaction (DDZI).!”
Mallikaarjun et al.!8 found that subjects with mild
hepatic impairment exhibited a 33% increase in
the area under the curve (AUC) of aripiprazole
compared to healthy subjects after a single dose of
15 mg aripiprazole, whereas in cases of moderate
or severe hepatic impairment, the AUC was mini-
mal increase or decreased.

Previous studies have shown that hepatic function
impairment or CYP2D6 genotype may further
lead to changes in drug concentrations, increas-
ing the risk of individual DDIs. Therefore, it is
necessary to explore the changes in the exposure
level of aripiprazole in combination with risperi-
done under the influence of multiple factors for
dose adjustment.

The physiologically based pharmacokinetic model
(PBPK) model can be used to study the influence
of various factors on the process of drugs in vivo,
including genetic polymorphisms of metabolic
enzymes, hepatic dysfunction, and DDI.19-21
Therefore, using the PBPK model, our study aimed
to predict the pharmacokinetic characteristics of
aripiprazole and risperidone in combination under
various influencing factors and to evaluate the effi-
cacy and safety of antipsychotic treatment.

Materials and methods
Software

PK-Sim® software (version 10.0; Bayer Technology
Services, Leverkusen, Germany) was used for

PBPK model building and parameter optimization,
and the software WebPlotDigitizer (version 4.5;
Ankit Rohatgi, Austin, TX, USA) was used to
extract data of drug concentration—time curves
from published articles and/or relevant databases.
Data analysis and graphic editing of simulation
results are performed by OriginPro® (version 9.5.5;
OriginlLab, Northampton, Massachusetts, USA).

Clinical data

The data used for modeling are sourced from
pharmacological databases such as DrugBank,
PharmGKB, and FDA, as well as published litera-
ture. Plasma concentration—time profiles of ari-
piprazole and its main metabolite were digitized
from published literature.12:18:22:23 A]] studies were
conducted with participants covering a wide dosing
range, single dose, and peroral administration. The
datasets for validation preferably included profiles
reporting many measurement points over a long
period of time. A comprehensive list of all profiles
utilized is shown in Supplemental Table S2.

Workflow

Figure 1 depicts the workflow for exploring the
DDI, and the interactions between aripiprazole
and risperidone under the influence of CYP2D6
genotype and/or mild hepatic impairment. The
reporting of this study conforms to the
Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement.24

PBPK initial model development

Our study focuses on predicting changes in serum
concentrations of aripiprazole, which can fluctu-
ate when it is used in combination with risperi-
done, with aripiprazole serving as the victim
drug.19 The absorption, distribution, metabolism,
and excretion of aripiprazole were determined by
inputting the physicochemical properties and dis-
solution curve parameters of aripiprazole and its
main metabolite into PK-Sim. The physicochem-
ical property parameters were gathered from lit-
erature and databases (Table 1). The dissolution
curve parameters (b=0.91, T,,=5min) were
determined by integrating the dissolution curve of
aripiprazole in gastrointestinal fluid, as reported
in the literature, with the Weibull model.25:26

System-specific parameters obtained from the
built-in PK-Sim database (i.e., physiological and
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Figure 1. Schematic workflow for the development of a physiologically based pharmacokinetic model. Child-
Pugh A is a classification used to assess the severity of chronic liver disease, which indicates the mildest level
of liver dysfunction.

DDI, drug-drug interaction; DDGI, drug-drug-gene interaction; DDZI, drug-disease interaction; DGI, drug-gene interaction;

PBPK, physiologically based pharmacokinetic.

Table 1. Physicochemical properties of aripiprazole and dehydro-aripiprazole for building PBPK model.
Parameter Aripiprazole Dehydro-aripiprazole Source/method

logP 3.60 3.40 Vieira et al.Z/

Parameter identification
f, 0.01 0.02 DrugBank
Parameter identification
MW (g/mol) 448.4 446 4 DrugBank
pK, 7.46 7.46 DrugBank
Solubility (pg/mL) 4.00 (pH=7) 6.00 (pH=7) Mihajlovic et al.2
DrugBank
CLy (mL/h/kg) 47.96 40.00 DrugBank
Parameter identification
ClLg (mL/h/kg) 0.04 0.06 Mallikaarjun et al.’
Parameter identification
Parameter identification refers to the process in which software calculates and determines the parameters that result in
the best fit between the simulated values and the observed values.
CL,, specific hepatic clearance, CLg, specific renal clearance, f,, fraction unbound, logP, lipophilicity; MW, molecular
weight; pK,, acid dissociation constant.
4 journals.sagepub.com/home/taw
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Table 2. Parameters of enzymatic kinetic parameters of aripiprazole in different CYP2Dé genotypes.

Parameter NM IM PM UM Source

K., cypans (UM) 26.20 26.20 26.20 2620  FDA

K cat,cYp2D6 dehydrogenation | 1/Min) 14.99 10.49 0.00 14.99 Calculated

Kot cvpa0s nyironytation (1/min) 57.17 40.02 0.00 57.17  Calculated

K cvpaas (HM) 298.00 298.00 298.00 298.00  FDA

K cat.cYPansdehydrogenation | 1/mMin) 54.85 54.85 73.792 54.85 Calculated/parameter
identification

Keat.cvpas.other [1/min) Lb.24 L4.24 59.382 L4224 Calculated/parameter

identification

Parameter identification refers to the process in which software calculates and determines the parameters that result in
the best fit between the simulated values and the observed values.

IM, intermediate metabolizer; K_,;, number describing maximum reaction rates per recombinant enzyme; K,,, Michaelis
constant; NM, normal metabolizer; PM, poor metabolizer; UM, ultrarapid metabolizer.

anatomical parameters of the virtual population)
were fixed to suit the corresponding clinical
data.1218:22.23 Details on the virtual populations
are listed in Supplemental Table S1. The model
was validated using clinical data for aripiprazole,
as detailed in Supplemental Table S2.

m =1—exp[—(t—Tl:g )/a}

“a” describes the scale parameter, “b” indicates
the shape parameter, “m” denotes the fraction of
the dissolved drug at time ¢, and T},, is the lag
time of drug dissolution.

ey

DGI, DDI, and DDZI model development

Drug-gene interaction model development. The
establishment of the drug—gene interaction (DGI)
model requires enzymatic kinetic parameters of
aripiprazole in different CYP2D6 genotypes
(Table 2). Due to the enzyme activity of CYP2D6
poor metabolizer (PM) being 0,%° the enzyme
activity parameters for other genotypes can be
calculated using the following formula based on
the clearance of different genotypes from the lit-
erature (Supplemental Materials).11:27

CL= CLZDﬁ,genotype + CL3A4 (2)
[£]
CLenzyme = Kcat X K_ 3)

K, indicates the number describing maximum
reaction rates per recombinant enzyme, K, indi-
cates Michaelis constant, and [E] is the concen-

tration of enzyme.

DDI model development. The DDI model was
constructed by connecting the physicochemical
parameters of aripiprazole collected earlier with
the physicochemical parameters of risperidone
provided by previous literature,3° using inhibition
constant (K).

The area under the curve ratio (AUCR) of ari-
piprazole in the absence and presence of risperi-
done was used to determine whether the change
in aripiprazole exposure caused by risperidone
was clinically significant. When the 90% confi-
dence interval (CI) of the AUCR in the plasma
completely falls within the equivalent range of
80%—-125%, it can be considered that there will
be no clinically significant DDI.27-31-33 Dehydro-
aripiprazole is the main metabolite of aripipra-
zole and has pharmacological activity. Therefore,
the active moiety (aripiprazole + dehydro-ari-
piprazole) can also serve as an indicator for eval-
uating DDI.

DDZI model development. To model the effect of
DDZI, the difference in Child-Pugh A (CP-A)
liver function was expressed by system-specific
parameters (Table 3). In addition to the above
parameters, the unbound fraction (f,)) in the
building blocks of aripiprazole and risperidone
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Table 3. System-specific parameters associated with Child-Pugh A liver function.

Parameter

Normal liver function

Child-Pugh A Proportional coefficient

Source

Hematocrit value

Plasma protein scale factor

Albumin

al-Acid glycoprotein

Fractional liver mass (L)

Blood flow (L/min)
Portal
Hepatic arterial
Renal
Brain

Other organs

Enzyme abundance (umol/L)

CYP2D6
CYP3A4

Gastric residence time (min)

0.46 0.39 0.85 Wong et al.%

1.00 0.85 0.85 Gerner and Scherf-Clavel3

1.00 0.81 0.81 Woitas et al.%’

1.00 0.60 0.60 Barry et al.38

2.13 1.47 0.69 Edginton and Willmann34
0.40 Annet et al.%
1.30 Annet et al.%

1.38 1.21 0.88 Dincer et al.40

0.77 0.77 1.00 Edginton and Willmann3*
1.75 Edginton and Willmann34

0.40 0.31 0.76 Heimbach et al.?!

4.32 3.41 0.79 Heimbach et al.?!

24.00 28.80 1.20 Heimbach et al.!

also changed. The change of unbound fraction
can be calculated according to equation (4), and
the f, of aripiprazole and risperidone in patients
with CP-A liver function impairment was 1.23%
and 2.10%, respectively.3

Proportional coefficient means the ratio of indi-
viduals with mild liver dysfunction and individu-
als with normal liver function. Child-Pugh A
refers to individuals with the mildest level of liver
dysfunction.

1
(1 - fprotein ) + fprotein 'Kprotein

Ju=
C))
K, yin indicates the plasma binding proteins
(albumin or a1-acid glycoprotein) partition coef-
ficient of the compound, f,;oin 18 the volume frac-
tion of plasma binding proteins, and f, indicates
the unbound fraction of the drug.

DDI model under the influence of multiple fac-
tors. Based on the model constructed above,

our study predicted the exposure levels of
aripiprazole when combined with risperidone,
considering the CYP2D6 genotype and/or mild
hepatic impairment: individuals with different
CYP2D6 genotypes combined use of aripipra-
zole and risperidone (drug—drug-gene interac-
tion, DDGI); patients with CP-A liver injury
combined use of aripiprazole and risperidone
(DDI and DDZI); combined use of aripiprazole
and risperidone in patients with CP-A liver
injury of different CYP2D6 genotypes (DDI,
DGI, and DDZI).

Evaluation of the PBPK model

The quality of the PBPK model evaluation was
analyzed using mean percentage error (MPE)
and mean absolute percentage error (MAPE) of
all predicted and observed plasma concentra-
tions which were calculated according to equa-
tions (5) and (6). Predictions with MPE=<10%
and MAPE <25% were considered accurate pre-
dictions.#! Aside from that, by comparing the
predicted pharmacokinetic parameters with the

journals.sagepub.com/home/taw
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observed pharmacokinetic parameters, the pre-
diction accuracy of the model can also be evalu-
ated. When the above ratios are within 0.8-1.25
folds, the predicted values are considered to be
consistent with the observed values.#? The clini-
cal data needed for model validation are sourced
from the corresponding clinical trial, as detailed
in Supplemental Table S2.12,18,22,23

o,
MPE = —1 00,/\0
n (- (5)
nZi—l( ¥; J
0,
MAPE - —100% 6)
nz:’:l ¥;

_ Model predicted AUCor C_,,
Prelobs - Clinical observed AUC or C,

(M

v; indicates the observed values, y, indicates the
predicted values.

Dose optimization

When the trough concentration of aripiprazole
exceeds the therapeutic reference range (100-—
350ng/mL), it tends to increase risk, necessitating
dose optimization. Populations that are not
affected by factors such as concomitant medica-
tions, CYP2D6 genetic polymorphisms, and
mild hepatic impairment are considered refer-
ences. The AUC of the affected population dif-
fers from that of the reference population,
expressed by a correction factor (CF). After cor-
rection, an appropriate dosage can be deter-
mined, ensuring that the AUC for individuals
affected by the aforementioned factors remains
consistent with that of the reference population
(equation (9)).43

AUC

CF = ——eon. ®
AUC
D'=D,, +CF ©)

CF indicates correction factors describing the
effect of liver cirrhosis on hepatic metabolic activ-
ity, AUC' and D' represent the AUC of the plasma

concentration—time curve and the dose under the
influence of various factors, respectively.

Results

DGl models

PBPK mimics in vivo metabolic process of ari-
piprazole in individuals with different CYP2D6
genotypes. The simulation results showed that
there were significant differences in the metabolic
process of aripiprazole in four genotypes (Figure
2). Based on the reference of aripiprazole expo-
sure levels in CYP2D6 normal metabolizer (NM),
the fold change and 90% CI for AUC and peak
concentration (C,,) in CYP2D6 intermediate
metabolizer (IM) were 1.22 (1.17-1.28) and 1.16
(1.12-1.20), respectively. For PM, the fold
change and 90% CI for AUC and C,,, were 1.75
(1.68-1.82) and 1.14 (1.12-1.17), which were
consistent with the information in the drug label
provided by the FDA. 44

The internal validation results showed that the
MAPE values of the four single-dose models with
different genotypes were all less than 25%, indicat-
ing that the prediction performance of the models
was good, but the MPE values of the two models of
CYP2D6 PM and CYP2D6 ultrarapid metabo-
lizer (UM) were greater than 10% when predicting
dehydro-aripiprazole, indicating that the predic-
tion effect of these two models on dehydro-ari-
piprazole is poor (Figure 3; Table 4). To further
verify the predictive performance of these models,
external validation for the steady-state PBPK
model was carried out, and the measured values
were all within the predicted plasma concentra-
tion—time profiles?? (Supplemental Figure S1).

DDZI models

The model simulated the pharmacokinetic pro-
files of CP-A liver injury patients after a single
dose of 15mg of aripiprazole. The AUC of ari-
piprazole and dehydro-aripiprazole were 5485.65
and 1797.11ngh/mL, respectively (Figure 4).
The internal validation of the DDZI model
showed an MPE of —10% and a MAPE of 18%
(Figure 5), indicating a high level of prediction
accuracy. The steady-state blood concentrations
of aripiprazole and its active moiety in the group
with mild hepatic impairment after a single dose
of the same amount were 1.65 = 0.12 times and

journals.sagepub.com/home/taw
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Figure 2. Plasma concentration-time curves of aripiprazole and dehydro-aripiprazole after the administration
of an oral single 10-mg dose of aripiprazole in healthy adults with CYP2Dé NM (a), IM (b, PM (c], and UM (d).
The curve above represents the predicted plasma concentration-time curves of aripiprazole and its 95% confidence interval,
while the curve below represents the predicted plasma concentration-time curves of dehydro-aripiprazole and its 95%
confidence interval. Simulations were compared with the corresponding observed clinical data.?? Dots represent observed
plasma concentration of aripiprazole, triangles represent dehydro-aripiprazole.

IM, intermediate metabolizer; NM, normal metabolizer; PM, poor metabolizer; UM, ultrarapid metabolizer.

1.50 £0.09 times higher than population with
normal liver function, indicating that there is no
difference in the drug exposure between the two
populations. The result of the model evaluation is
that the MAPE is within 25% (Figure 5).

DDI models

The PBPK model of aripiprazole combined with
different doses of risperidone simulated single
and multiple doses (Supplemental Figure S2).
After a single dose of 20mg aripiprazole, the
AUC was 773.85umolmin/L.. When aripipra-
zole (20mg) was co-administered with different

doses of risperidone (2, 4, 6mg), the AUC
of aripiprazole was 776.38, 779.04, and
781.31 umolmin/L, respectively. The above
DDI models were verified, and the model pre-
diction performance was good (Supplemental
Figure S3).12 The simulation showed that the
AUC ratio of aripiprazole before and after com-
bined with different doses of risperidone (2, 4,
6mg) was 1.00, 1.01, and 1.01, which was
within the invalidation boundary. It can be
observed that co-administration of 2, 4, or 6 mg
of risperidone did not significantly impact the
exposure level of aripiprazole compared to
monotherapy.
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Figure 3. Residue plot of aripiprazole and dehydro-aripiprazole after the administration of an oral single 10-
mg dose of aripiprazole in healthy adults according to CYP2Dé genotype with CYP2D6 NM, IM, PM, and UM.
The circles represent the ratio of the difference between the predicted and observed values?? to the observed values, with
solid circles representing aripiprazole and circles representing dehydro-aripiprazole. Different colors represent different
CYP2D6 genotypes, with orange representing normal metabolizer, green representing IM, blue representing PM, and red
representing ultrarapid metabolizer.

IM, intermediate metabolizer; NM, normal metabolizer; PM, poor metabolizer; UM, ultrarapid metabolizer.

Table 4. Summary of quantitative measures of model performance for aripiprazole and its metabolite.

Performance CYP2Dé6 genotype Aripiprazole Dehydro-aripiprazole
measures
MPE (%) NM 1.69 -3.06
IM -1.26 -21.92
PM -13.95 -1.51
UM 0.58 -8.41
MAPE (%) NM 4.39 5.1
IM 5.06 24.02
PM 21.62 11.99
UM 10.93 16.81

IM, intermediate metabolizer; MAPE, mean absolute percentage error; MPE, mean percentage error; NM, normal
metabolizer; PM, poor metabolizer; UM, ultrarapid metabolizer.

DDI model under the influence of multiple level of aripiprazole may vary, and the required
factors and dose optimization dosage adjustments may also differ (Figures 6-8;
When co-administered with risperidone in the Table 5). First, when co-administering the two
presence of other influencing factors, the exposure drugs in different CYP2D6 genotype populations,
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Figure 4. Plasma concentration-time curves of aripiprazole and dehydro-aripiprazole after the administration
of an oral single 15-mg dose of aripiprazole in adults with mild hepatic impairment.

The curve above represents the predicted plasma concentration-time curves of aripiprazole and its 95% confidence interval,
while the curve below represents the predicted plasma concentration-time curves of dehydro-aripiprazole and its 95%
confidence interval. Simulations were compared with the corresponding observed clinical data.'® Dots represent observed
plasma concentration of aripiprazole, triangles represent dehydro-aripiprazole.
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Figure 5. The residue plot of aripiprazole and dehydro-aripiprazole after the administration of an oral single
15-mg dose of aripiprazole in adults with mild hepatic impairment.

The circles represent the ratio of the difference between the predicted and observed values'® to the observed values, with
solid circles representing aripiprazole and circles representing dehydro-aripiprazole.
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Figure 6. Plasma concentration-time curves of aripiprazole and dehydro-aripiprazole after the administration
of multiple oral 20mg tablets of aripiprazole co-administration with risperidone in healthy adults with CYP2Dé

NM (a), IM (b), PM (c], and UM (d).

The curve above represents the predicted plasma concentration-time curves of aripiprazole and its 95% confidence interval,
while the curve below represents the predicted plasma concentration-time curves of dehydro-aripiprazole and its 95%
confidence interval. Simulations were compared with the corresponding observed clinical data. Dots represent observed
plasma concentration of aripiprazole, triangles represent dehydro-aripiprazole.

IM, intermediate metabolizer; NM, normal metabolizer; PM, poor metabolizer; UM, ultrarapid metabolizer

using aripiprazole monotherapy in the CYP2D6
NM population as the reference (AUC_,=
748.25 umolmin/L), the exposure level of ari-
piprazole increased by 16% in the CYP2D6 IM
population and by 39% in the CYP2D6 PM pop-
ulation, necessitating a dosage reduction of 14%
and 28%, respectively (Figure 6; Table 5).
Furthermore, when combining the two drugs in
the mild hepatic impairment population, the
exposure level of aripiprazole increased by 13% in
the CYP2D6 NM genotype population, requiring
a dosage reduction of 11% (Figure 7; Table 5); in
the CYP2D6 IM and PM genotype populations,

the exposure level increased by 65% and 96%
respectively, necessitating dosage reductions of
39% and 49%, respectively (Figure 8; Table 5).

Discussion

Currently, there is limited research on the phar-
macokinetics of the combined use of aripiprazole
and risperidone. Although a few studies have sug-
gested that the combination did not increase
the risk of adverse drug reaction, the reliability
of the evidence is limited, and there is a lack of
research on the risks under the influence of
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multiple oral 20mg tablets of aripiprazole co-administration with risperidone in adults with mild hepatic impairment.
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Figure 8. Plasma concentration-time curves of aripiprazole and dehydro-aripiprazole after the administration of multiple oral 20 mg

tablets of aripiprazole co-administration with risperidone in adults with mild hepatic impairment according to CYP2Dé phenotype,
including CYP2D6 NM (a), IM (b), PM (c), and UM (d).

CP-A, Child-Pugh A; IM, intermediate metabolizer; NM, normal metabolizer; PM, poor metabolizer; UM, ultrarapid metabolizer.
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Table 5. Summary of dose optimization for DDI under the influence of other factors.

Factors Genotype AUC (umolmin/L) CF AD
Genotype NM 755.26 0.99 1%
IM 865.09 0.86 14%3%
PM 1036.57 0.72 28%3%
UM 758.19 0.99 1%
Mild hepatic impairment NM 842.20 0.89 11%%
Genotype and mild hepatic impairment NM 842.20 0.89 1M%%
IM 1231.96 0.61 39%%
PM 1466.17 0.51 49%3%
UM 840.33 0.89 1M%%

*represents requiring a dosage reduction.

AUC, area under the cure; CF, correction factor indicates correction factors describing the effect of liver cirrhosis
on hepatic metabolic activity; AD, changes of dose; DGI, drug-gene interaction; DDZI, drug-disease interaction; IM,
intermediate metabolizer; NM, normal metabolizer; PM, poor metabolizer; UM, ultrarapid metabolizer.

multiple factors.!245> Qur study mainly focused on
two factors: DGI*-47 and hepatic dysfunction,*8
as they are important factors that affect drug
metabolism and are commonly encountered in
clinical practice in psychiatry. In this study, suc-
cessful development of PBPK models was con-
structed for aripiprazole and dehydro-aripiprazole
in scenarios where aripiprazole was co-adminis-
tered with risperidone. Validated with all predic-
tions fell within the expected range of error. These
models were tailored for combination aripipra-
zole with risperidone for populations with varying
CYP2D6 genotypes and individuals with mild
hepatic impairment. Following the validation of
model accuracy, variations in the exposure levels
of aripiprazole were predicted, and optimization
of dosage was performed.

When the three aforementioned factors existed
independently, different factors had different
effects on the exposure levels of aripiprazole and
dehydro-aripiprazole. The PBPK model sug-
gested that DGI could significantly alter the
exposure levels of aripiprazole and its active
metabolite, which was consistent with the existing
research conclusions on the impact of CYP2D6-
based DGI on aripiprazole exposure levels.13:49:50
Our study further evaluated dose optimization in
the presence of DGI. The prediction results sug-
gested that when the patient’s CYP2D6 is IM,

the dose of aripiprazole should be reduced by
about 14%; while in patients with CYP2D6 PM,
the dose of aripiprazole should be reduced by
28%, which is consistent with the recommended
dose of DPWG.5! The DDI (when co-adminis-
tered with risperidone) or DDZI (in the presence
of mild hepatic impairment) did not have a sig-
nificant effect, which is consistent with existing
research findings.1%:17:18 Although there is limited
and small-scale clinical trial data available, the lit-
erature search did not reveal the need for dose
optimization of aripiprazole in cases of mild
hepatic impairment or co-administration with ris-
peridone. This is consistent with the information
provided in the drug label of aripiprazole,*” which
indicated that these two factors did not signifi-
cantly increase the occurrence rate of adverse
drug reactions. Furthermore, previous theories
suggested that the simultaneous action of multi-
ple factors on an individual may result in syner-
gistic effects!952 or antagonistic effects.’3 Our
research findings aligned with the former, indicat-
ing a synergistic effect. The exposure level of ari-
piprazole will change when co-administration is
affected by DGI and/or DDZI. When co-admin-
istered to patients with mild hepatic impairment
and CYP2D6 genotype NM, the change in ari-
piprazole exposure levels (AAUC) was 13%,
necessitating a reduction in aripiprazole dosage
by approximately 11%. This suggested that the
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combined effect of DDI (AAUC =1%) and DDZI
(AAUC=8%) on aripiprazole exposure levels is
greater than the sum of their individual effects.
When DGI (AAUC,,=14%, AAUC,\=37%),
DDZI (A AUC=8%), and DDI (AAUC=1%) act
simultaneously, this synergistic effect became
more pronounced. In patients co-administered
with mild hepatic impairment and CYP2D6 gen-
otypes IM and PM, the AAUC of aripiprazole was
65% and 96%, respectively, indicating a need to
reduce the dose to 61% and 51%, respectively.

Traditional pharmacokinetic studies are mostly
conducted through clinical trials or post-market-
ing surveillance reports.’* There is a lack of
research on the multi-factorial modulation of
antipsychotic drug exposure levels, and currently,
there is only limited research on DDGI in other
antipsychotic drugs.?>%¢ However, in clinical
practice, the exposure level of aripiprazole is often
the result of the combined influence of multiple
factors, which hinders the clinical application of
previous research findings. Our study investigated
the safety of co-administering aripiprazole and
risperidone under various conditions using PBPK
modeling. It proposed relative dose recommenda-
tions for aripiprazole based on different influenc-
ing factors, thereby providing a theoretical
foundation for the clinical utilization of this drug
combination from a pharmacokinetic standpoint.
With further clinical validation, these results are
more likely to be embraced by clinicians and more
readily adopted in clinical practice. In terms of
methodology, PBPK modeling offers a superior
benefit-risk ratio compared to traditional phar-
macokinetic research methods. It can serve as a
foundation for designing and implementing clini-
cal trial protocols while also reducing the required
sample size in clinical trials.

Limitations

As a model prediction study, some potential limita-
tions should be considered. First, although the
basic models of aripiprazole and risperidone, DGI,
DDI, and DDZI models have been verified by cor-
responding clinical trial data, the prediction model
under the influence of multiple factors is limited by
the lack of relevant clinic trials and has not been
verified. It is necessary to further mine the corre-
sponding data and verify the model through clini-
cal trials. Meanwhile, our study used 80%-125%
as the no-effect boundary to determine whether

the exposure levels changed, which is one of the
most conservative standards for measuring drug
equivalence. This means that our standards may
deviate from the actual concentration—effect
relationship. A fuller understanding of the dose—
concentration and/or concentration—effect rela-
tionships of drug effects may be beneficial in
interpreting predicted results and further opti-
mizing criteria for dose adjustment.

Conclusion

Through PBPK models, our study accurately
predicted the plasma concentration profiles and
pharmacokinetic parameters of aripiprazole and
its active metabolite after co-administration with
risperidone in various populations, thereby offer-
ing valuable insights for personalized treatment
approaches. Our study demonstrated that the co-
administration of aripiprazole and risperidone is
generally considered safe. However, in individu-
als with a CYP2D6 genotype of IM or PM and/or
those with mild hepatic impairment, co-adminis-
tration of the two drugs could result in increased
exposure levels of aripiprazole. Therefore, it is
crucial to appropriately reduce the dose of ari-
piprazole to mitigate potential risks, particularly
in individuals with a CYP2D6 IM or PM geno-
type or mild hepatic impairment.
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