Supplementary material 4

Journal: Clinical Pharmacokinetics

Physiologically Based Pharmacokinetic (PBPK) Modeling of Antidepressants: A Scoping
Review of existing models, applications, and software-tools

Rebecca Leyla Huber?, Oliver Scherf-Clavel*

! Department of Pharmacy, Ludwig-Maximilians-Universitdt Minchen,
ButenandtstraBBe 5, 81377, Munich, Germany

Corresponding author: Oliver Scherf-Clavel
E-Mail: O.Scherf-Clavel@Imu.de



mailto:O.Scherf-Clavel@lmu.de

Supplementary File 4:

table all data
Table S1
Firstauthor Modeltype (antidepressant) Metabolite Commentary ‘Model development stage
application modeted
top not (04
down) (0-6) (©-3) datasets) none) (0-5)
Afour-compartment PBPK heart  Tylutkietal. amitriptytine cardiac R (version 3.3.0 and DeSolve. whole body. midle out (4) no(0) study(+ 1studywith  intemal (2) <Sstudies, 1dose, 1 intemal; 1study (1) intermediate
model accounting for cardiac. package version 1.13); prectinical (animal data as formutation (0)
metabolism - model development and SimCypfor predicting Kp- areference for cardiac
appiication values fitting)
Aphysiologically based Howelletal. amitrptytine toxicity drug overdose midle out (4) no(0) ~7studies substantial
pharmacokinetic (PBPK) model for 2.d05e5;2 ormutations smutations: novatcation (u)
predicting th efficacy of drug @
overdose treatment with iposomes in

man
PK-Sim (version 11) middle out (4) 12 studies (own data mainly exteral (5) 10 studies, >2doses,  exter

pharmacokinetic modelling predicts (mmunm) counted as one study only) 22 formulations (4)

altered materal pharmacokinetics of

amitriptytine during pregnancy

Physiologically Based Luechtetal. bupropion whole body middle out (4) o (0) 6studies + data from intemal (2) 25 studies <10studies, o (0) (BUP onlyindirectly & intermediate
Pharmacokinetic Model of CYP2D6. 1) KONBASE database >2doses, 1formulation assessed via VEN/ODV trough

Associated Interaction Between (counted as 1 additional @ ‘concentrations in DDI

Venlafaxine and Strong Infibitor study) scenarios)

Bupropion-The Influence of Age-
Relevant Changes and Inhibitory Dose.
to Classity Therapeutical Success and
Harm

ABayesian population physilogically Hsieh et al bupropion drugfomulation S semiphysiological PBPK middte ut 6] dobal(3) 2study (crossvalidaton /  interna 2) <5studies, > 2doses, = vitual B applicationmodet 11 substantal
based pharmacokinetic absorption package); GNUMCSIm hold-out design within one 2formulations (2) novalidation (0)
modeling approach tosupport generic (versions.1.0) study)

drug development: application to
bupropion hydrochioride oral dosage

A Comprehensive CYP2D6 Drug-Drug- Ridesheim etal. bupropion D(DIG! inhibitor (CYP2D6) PK-Sim and MoBi (version  whole body. ves. “ 210 studies, >2doses, o (0) X extensive
Gene Interaction Network for 11) ‘extended model: bottomup (4) (1) studies; no validation of ‘22 formulations (4)

‘Application in Precision Dosing and extended model/

Drug Development application



Prediction of Drug-Drug Interactions  Xue etal. bupropion inhibitor (CYP2D6) SimCyp (version 15) ‘whole body middle out (4) ocal (1) 5studies intemal + extemal (4) 25 studies <10 studies,  intemal; 1 study (1) substantial
with Bupropion and Its Metabolites as 22 doses, 1formulation
@

CYP2D6 Inhibitors Usinga

Physiologically-Base
Pharmacokinetic Model

Physiologically Based Wuetal geratiic (+ SimCyp (version 16.1) whole body middle out (4) 1 studies, intemal + extemal (4) 210 studies, > 2doses, extensive
Pharmacokinetic Approach Can pharmacogenetics) 22 formulations (4)

Successfuly Predict

Pharmacokinetics of Citalopramin

Different Patient Populations

Inhibitory Effects of Tricyclic Uchaipichat clomipramine inhibitor (UGT, OCT) SimCyp (version 20.1) minimal PBPK mainly bottom-up (6) ocal (1) intemal (2) <5 studies, >2doses, 1 10(0) substantial
Antidepressants on Human Liver formuation (1)

Microsomal Morphine

‘Glucuronidation: Application of IVIVE

to Predict Potential Drug-Drug

Interactions in Humans.

Invitro solubilty, dissolutionand  Franek etal. desventafaxine drug formulation SimCyp (version 13.2) ‘semiphysiological PBPK middle out (4) ocal (1) 7studies 14 the models M1-Ms were reatedas  extensive
permeability studies combined with >2doses; 22
‘semi-mechanistic modeling to formuations (3) fina model because it model, not separate models, since they.
investigate the intestinal absorption represents the most Shared the same structural disposition
of desvenlafaine from an immedate- mechanistically framework and differed onlyin
‘and extended release formulation comprehensive and fuly ‘absorption model implementation; M5 s

refined version) ‘considered the final application model

Exploratory Translational Modeling brain exposure/ CNS. nonnm (versionV, level  semiphysiological PBPK middle out (4) o (0) no studies. novalidation (0) rat PBPK model was validated only usinginitial
Approach in Drug Development to targeting 11 animal data andis not counted as a
Predict Human Brain validation study in this human-focused
Pharmacokinetics and ‘assessment, The final human modelis
Pharmacologically Relevant Clinical supported only by indirect qualitative
Doses. ‘comparisons to clinical PD/biomarker
data, which do not constitute formal
quantitative validation

Physiologically-Based Storeliietal. duloretine D(DIGI inhibitor (CYP2D6) SimCyp (version 17) whole body middle out (4) ocal (1) 11 studies (PK validation: 7, internal + exteral (4) 210 studies, > 2doses,  intemal, 1 study (1) extensive
Pharmacokinetic Modeling for the DDIvalidation: 3, DDGI 22 formulations (4)
Prediction of CYP2D6-Mediated Gene- validation: 1)

Drug-Drug Interactions

Application of Lactation Kayeshetal. escitalopram lactation SimCyp (versionn.a.) minimal PBPK middle out (4) focal (1) astudies, external (5) <5studies, >2doses, 1 external; 1 study (1) substantial
Physiologically Based formuation (1)

Pharmacokinetic Modeling to Predict

Milk Exposure of Passively Diffused

Drugs



Safety of medicines during Cardosoetal. escitalopram lactation PK-Sim (version: n.a.) ‘whole body middle out (4) (base modelfrom no (0) substantial
breastfecing - from case report to Delaney et al. (2018): middle. Delaney (2018): 6 studies; >200ses, 2formuations 1 study (3); extemat provided
modeling: a contribution from the out; extended mode: bottom up) extended model: 1study) @ validation with very imited
‘ConcePTION project data
Prediction of Matemal and Fetal  Prét escitalopram pregnancy SimCyp (version 22) whole body middle out (4) o (0) 1 studies, intemal + extemal (4) 210studies, > 2doses, 1 extemal
Exposure to Escitalopram, Sertraline, formuation (3)
and Paroetine by Combining Human
ExVivo Placenta Perfusion Data and
Physiologically Baset
Pharmacokinetic Modeling
clearly documented)
Estimation of Bioavailable: Spaenigetal. fluoketine toxlcityl drug overdose R(RStudio 2023.12.0; whole body mostly bottom up (6) ocal (1) 2swdies external (5) 2studles, 2doses, 1 exteral; 2 studies (2) Onlythe fluoxetine PBPK modelwas  extensive
‘Concentration of Endogenously deSolve package) formuation (1) assessed. The separately presented -
Formed N-Nitrosamines by nitrosofluoxetine model was excluded,
Physiologically Based Kinetic asitrepresents anitrosamine impurity
Modeling ratherthan a pharmacologically active.
metabolie directly inked to the
fluoxetine PBK model
Prediction of basic drug exposurein  Pansarietal. fluoetine lactation SimCyp (version 20) minimal PBPK base model: SmCyp defautt  local (1) 2studies (withathird  extemal (5) <5 studies, >2doses, 1 exter base model: SimCyp compound fil;  extensive.
milk using a actation model algorithm ‘compound filezextended model: referenced supportively) formuation (1) ‘assessment refers only to the mot
integrated witnin a physiologically bottom up (6) built upon the Simeyp compound fit; the
based pharmacokinetic model ‘compound fie itself was not evaluated

{noinformation available)

Physiologically-Based Storellietal. D(DJGI inhibitor (CYP2D6) SimCyp (version 17) minimal PBPK middle out (4) o (0) 2swdies (nnly 006! interal + extemal (4) <5 studies; 1 dose;

substantial ‘aber: bupropion .a. als Modellsubstanz i CYP2B6.

Prediction of CYP2D6-Mediated Gene-
Drug-Drug Interactions

Prediction of drug-druginteractions  Siccardi et fluoetine , CYP2C19. bottom up (6) o (0)
between various antidepressants and and CYP2D6) PBPK ikely represents a reduced PBPK
efavirenz or boosted protease structure analogous to a minimal PBPK
inhibitors using a physiologically framework; however, the exact structural
based pharmacokinetic modelling implementation s not described
approach suffciently to allow definitive
classification)

Pharmacokinetic Modeling for the validation) formuation (0)

informal comparison based .
on DDI ratios from
regulatory sources (0) (not
0 points because no formal
validation framework or
independent, predefined
validation datasets are
described, and all
comparisons are limited to
informal post hoc
agreement of simulated and
observed dat

‘assessment refers only to the model
bult upon the Simcyp compound fle; the
‘compound fie itself was not evaluated
(noinformation available)

base model: SimCyp compoundfile;  intermediate
‘assessment refers only to the model

built upon the Simeyp compound file

(extended model; the compound file

itself was not evaluated (no information

available)

A Comprehensive CYP2DS Drug-Drug- Ridesheim et al D(DIGI nhibitor (CYP208, CYP3A4) px Sim and MoBi (version  whole body

Gene Interaction Networkfor middle out; extended mocel: (1) studies;novaldation of
Applicationin Precision Dosing and bottom up)(4) final(extended) model
Orug Development

210 studies, 22 doses,
=2 formulations (4)

‘Substrate; (AS ausgewantt, die berwiegend iber
‘spezifische CYP-Enzyme metabolsiert + nur
minimater Einfluss von Transportern) (bupropion
um hydmxyhupmplnn f0r CYP286-Akthital)
in.relevante Aussage iberwiegt, daner

\m:luﬂel



Utilzing Physiologically Based Waetal geriatrc (+ ethnicity) GastroPlus (version 9.8.2)  whole body. middle out (4) (the "verify& 1o (0) <5 studies, >2doses, 1 10 (0) intermediate

Pharmacokinetic Models to Support optimize” step s described formutation (1)
Rational Medication in Chinese. generically; drug-specific
Elderly Popuation optimisation details are not

reported forfluvoramine.

individually)

Optimising Fluvoxamine. pregnancy (+ SimCyp (version 20) middle out (4) 14 studies, intemal + extemal (4) 210 studies, > 2doses, 1 fetoplacental PBPK model X substantial
nmm.vrml Exposure during. pharmacogenetics) formuation (3) 3studies; Final
Pharmacokinetic Virtual ‘Application Model (CYP2D6
Gmlclll'mls Study Phenotype Dose:
Optimisation): no validation

O]

Development ofa Physiologically  Alqahtani etal brain exposure/ CNS. na. GastroPlus (version 8.5)  whole body. middle out (4) o (0) substantial
Based Pharmacokinetic/ targeting (+ formuation (1) (z) (the CYP2DG-PM-PBPK-

Pharmacodynamic Model to Predict pharmacogenetics) modelwas considered the

the Impact of Genetic Polymorphisms final model)

Pharmacodynamics Represented by
Receptor/Transporter Occupancy of
Central Nervous System Drugs

Use of three-compartment inhibitor (CYP1A2, minimal PBPK middle out (4) ocal (1) intemal (2) doses; 2 intemal; 1 study (1) substantial
physiologcally based cYPacs) mvmuununs (1)

pharmacokinetic modeling to predict

hepatic blood levels of fluvoxamine

relevant for drug-drug interactions

Inhibitory Effects of Tricyclic Uchaipichat imipramine inhibitor (UGT, OCT) ocal (1) o (0)
Antidepressants on Human Liver defauit model’) file: not classifiable; DD model: ‘compound file: n

Microsomal Morphine only 2 additional parameters. eldsionnfomationin

‘Glucuronidation: Application of IVIVE incorporated into the model

to Predict Potential Drug-Drug (experimental- and literature-

Interactions in Humans. derived); overalt: not classifiable
[




Prediction of drug-drug Imzemcﬂum Siccardietal. mirtazapine c¥p20s, fullor simple PBPH botiom up (6) novalidation of the: base model: SImCyp compound file;  intermediate
between various antidepressants. cvpacs) PBPK Ukely represents a reduced PBPK ‘assessment refers only to the model
efavirenz or boosted protease structure analogous to a minimal PBPK built upon the: Slml:yp enmpuunﬂllle
inhibitors using a physiologically framework; however, the exact structural (extended model); the compound file
based pharmacokinetic modelling implementation is not described itself was not mlualeﬂ (m information
‘approach sufciently to allow definitive available)
classification)

APhysiologically-Based Kanacheretal. moclobemide D(DjGI Inhibitor +victim (CYP2C19) PK-Sim (version 7.2.20r  whole body middle out (4) ocal (1) 3
Pharmacokinetic (P8PK) Model higher); (a re-qualification 22doses, 22 model with moclobemide as
Network for the Prediction of CYP1A2 work inversion 9.1) formuations (3) perpetrator/victim; interal +
and CYP2C19 Drug-Drug-Gene external; 2 studies (2)
Interactions with nwmmlne.

Omeprazole, S-mephe
Moclobemide, Tizanidine, Ma\lellne.
Ethinylestradiol, and Cafteine

Utilizing Physiologically Based Wuetal nortiptytine. geriatrc (+ ethnicity) GastroPlus (version 9.8.2)  whole body. middle out (4) (the "verify& 1o (0) intemal (2) <5studies, <2doses, 1 10 (0) intermediate
Pharmacokinetic Models to Support optimize step s described formuation (0)
Rational Medication in Chinese. generically; drug:specific
Elderly Popuation optimisation details are not
reported for nortriptyline.
Individually)

Prediction of Maternal and Fetal paroretine pregnancy SimCyp (version 22) whole body bottom up (6) (modiel o (0) exteral (5) 25 studies <10 studies, 3 studies (2)
Exposure to Escitalopram, Sertraline, development based on the. 1dose, 1formulation (1)
and Paroetine by Combining Human Simeyp compound file was.
ExVivo Placenta Perfusion Data and ‘assumed torepresent a bottom-
Physiologically Based 'up approach; SimCyp compound
Pharmacokinetic Modeling file previously validated by
Ajduljalit (2020) and Jornil
(2010))

Physiologically Based Rudesheim etal. paroetine ooIG! na.(onyDG, MDD PK-Sim (version 10) midole out (4) tocal(1) 10studles intemal v extemal(4)  2105studies, > 2doses, 2 interal and external; 3
Pharmacokinetic Modelingto formutations (4) stusies (2)

Describe the CYP2D6 Activity Score-

Dependent Metabolism of Paroretine,

Atomoxetine and Risperidone

Precision dosing-based npl\m\smlnn Almurjan etal. paroxetine SimCyp (version 17) whole body middle out (4) o (0) 7swdies substantial
of paroxetine during pregnancy Mmﬂmgenm\s) Lose,formulation(d) (CYP2D8 P
poor and ulrarapid CYP2D6 Specific): exhemoL 1sdy (1)
metabolisers: a virtual clinical rlal (Dose Optimisati
pharmacokinetics study. ‘Application Model: no
validation)




Predicting drug-drug interactions:  Yeo etal 2013 paroetine D(DjGI inhibitor (CYP2D6) SimCyp (versionn.a.) whole body no middle out (4) o (0) 2swdies interal + external (4) <5 studies; 2doses; 1 external; 1 study (1) 10 na. substantial
Application of physiologically based formuation (1)

pharmacokinetic models under

systems biology approach

Physiologically-Based Storellietal. paroetine D(DjGI inhibitor (CYP2D8) SimCyp (version 17) minimal PBPK middle out (4) focal (1) . intemal; 1 study (1) base model: SimCyp compound fil;  substantial
Pharmacokinetic Modeling for the ODIvalcaton:7, 0061 22 doses, 1formulation ‘assessment refers only to the model
Prediction of CYP2D6-Mediated Gene- validation: 1) @ bult upon the Simcyp compound fle; the

Drug-Drug Interactions ‘compound fie itself was not evaluated

{noinformation available)

Utilzing Physiologically Based Wuetal sertraline. geriatrc (+ ethicity) GastroPlus (version9.8.2)  whole body. middle out (4) (the "verify & no (0) intemal (2) <Sstudies, <2doses, 1 10 (0) intermediate
Pharmacokinetic Models to Support optimize step s described formuation (0)
Rational Medication in Chinese. generically; drug:specific
Elderly Population optimisation details are not
reported for sertraline

Quantification of sertraline. Lartey etal sertraline. pregnancy RStudio (version 1.4.1717) + minimal PBPK middle out (base model: George local (1) 7swdies 13 extensive
maternalfetal ratio and amniotic luid migsolve package (version (2020): midle out; extended George (2020): 2 studles; =2doses, 1 formutation (2)
concentration using a pregnancy. 08.12) mode Lartey: midde out) (4) extended model Lartey et @
physiologically based al:7 swdies)
pharmacokinetic model
Prediction of drug-druginteractions  Siccardi et sertraline. bottom up (6) o (0) informal comparison based . base model: SimCyp compoundfile;  intermediate
between various antidepressants and CYP2D6, cmc:s PBPK ikely represents a reduced PBPK on DDI ratios from ‘assessment refers only to the model
efavirenz or boosted protease CYP286) structure analogous to a minimal PBPK regulatory sources (0) (note: built upon the Simeyp compound file
inhibitors using a physiologically framework; however, the exact structural 0 points because no formal (extended model; the compound file
based pharmacokinetic modelling implementation s not described validation framework or itself was not evaluated (no information
approach suffciently to allow definitive independent, predefined available)

classification) validation datasets are

described, and all
comparisons are limited to
informal post hoc
agreement of simulated and
observed dat

Quantitative Prediction of Drug-Drug  Templeton et sertraline. inhibitor (CYP2D6, CYP3A4) n.a. (mostlikely SmCyp)  whole body middle out (4) o (0) substantial
Interactions Involving Infibitory formuation (1) studies (2)

Metabolites in Drug Development:

How Can Physiologically Based

Pharmacokinetic Modeling Help?

Pharmacokinetics of duloxetine sel- ~ Adachi etal trazodone toricityl drugoverdose  n.a. minimal PBPK middle out (4) o (0) 1study (case reportwith  intemal (2) <5 studies; 1 dos Intemalvalidation; 1 study (1) 7 intermediate
administered in overdose with single adult overdose formuation (0)

quetiapine and other antipsychotic patient used forillustrative

drugs ina Japanese patient admitted comparison only)

tohospital



Utilzing Physiologically Based Wuetal 2025 venlataxine geriatrc (+ ethnicity) na. GastroPlus (version 9.8.2)  whole body. no middle out (4) (the "verify& 1o (0) 1stdy intemal (2) <S5studies, <2doses, 1 10 (0) 6 na. intermediate

Pharmacokinetic Models to Support optimize step s described formuation (0)
Rational Medication in Chinese. generically; drug:specific
Elderly Popuation optimisation details are not

reported for venlafaxine

Individually)

Prediction of basic drug exposurein  Pansarietal. venlafaxine lactation SimCyp (version 20) minimal PBPK middle out (4) focal (1) interal + external (4) < studies, 22doses, 2 external; 2 studles (2)
milk using a actation model algorithm formutations (2)

integrated within a physiologically

based pharmacokinetic model

Prediction of drug-druginteractions  Siccardi et venlafaxine , CYP2C1S, bottom up (6) o (0) novalidation of the: base model: SimCyp compoundfile;  intermediate
between various antidepressants and CYP3Ad, CYP2CO) PBPK ikely represents a reduced PBPK extended model and the ‘assessment refers only to the model
efavirenz or boosted protease structure analogous to a minimal PBPK new application context was. built upon the Simeyp compound file
inhibitors using a physiologically framework; however, the exact structural performed (0) (extended model); the compound file
based pharmacokinetic modelling implementation s not described itself was not evaluated (no information
‘approach. suffciently to allow definitive available)
classification)

Physiologically Based venlafaxine whole body middle out (4) o (0) 7 studies + data from intemal (2) 25 studies <10studies, DDIVEN +BUP:intemal, 1 10 substantial
Pharmacokinetic Model of CYP2D6. 1) KONBASE database 22 doses, 2 formulations study (1)

Associated Interaction Between (counted as 1 additional @ DDIVEN +BUP + ITRA: N0

Venlafaxine and Strong Infibitor study)

Bupropion-The Influence of Age-
Relevant Changes and Inhibitory Dose.
to Classity Therapeutical Success and
Harm

PBPK modelingto predict the Choetal. venlafaxine, desvenlafaxine  D(DIG vietim (CYP206) PKSIm (version 11.2)  whole bogy. midote out (4) 125tudles intemal +extemal (4) (12 >10studies, > 2 doses, 1 intemal; 1 study (1)
pharmacokinetics of venlafaxine and (metabolte) studies; only 1stuyfor  formulation 3)

its active metabolie n diferent exemalvalidation)

CYP2D6 genotypes and drug-drug

interactions with clarithromycin and

paroetine




