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1 PBPK modeling

1.1 PBPK model building

A parent-metabolite PBPK model for bupropion and its metabolites hydroxybupropion, erythrohydrobupro-
pion and threohydrobupropion was developed. The metabolic pathways and interactions implemented to
describe their pharmacokinetics in the CYP2B6 network are illustrated in Figure S1.1.1. Physiological
parameters, such as tissue volumes or surface areas, are predefined in the PBPK modeling software PK-
Sim® (Version 9.1) [1]. Further system-dependent parameters such as reference concentrations (concen-
tration in the tissue with the highest expression) and tissue expression profiles of metabolizing enzymes
and transporters, are listed in Table S1.1. Demographic data were derived from the collected clinical study
reports and are listed in the study tables of the respective sections. The drug-dependent parameters of
the developed bupropion parent-metabolite PBPK model are listed in Section 2.

Bupropion
Binding 
Partner

Voriconazole

sink

sink

Rifampicin 

DGI

11β-HSD 

Hydroxybupropion
Erythrohydrobupropion
Threohydrobupropion

Binding

Induction

Inhibition

Metabolism

Polymorphism

CYP2B6

UGT2B7  

Fluvoxamine

CYP2C19  

Figure S1.1.1: Metabolic pathways and interactions implemented in the CYP2B6 network. Bupro-
pion is metabolized via CYP2B6 to hydroxybupropion and via 11β -HSD to erythrohy-
drobupropion and threohydrobupropion. Additionally, CYP2C19-mediated metabolism was
included. Since bupropion binds to different therapeutic targets, binding to an unspe-
cific protein (Binding Partner) was implemented as well. The metabolites are further de-
graded by UGT2B7. Drug-gene-interactions (DGIs), drug-drug-interactions (DDIs) as well
as drug-drug-gene-interactions (DDGIs) were simulated for CYP2B6 with the perpetra-
tors rifampicin, fluvoxamine and voriconazole. 11β -HSD, 11β -hydroxysteroid dehydro-
genase; CYP, cytochrome P450; DGI, drug-gene-interaction; UGT, uridine 5’-diphospho-
glucuronosyltransferase.
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Bupropion formulations

For simulation of oral tablets with different bupopion release, the weibull function was used according to
Equation S1 [73], to describe immediate, sustained, and extended release formulations, as well as the
cocktail capsule formulation (Geneva cocktail [74]) used in the Bosilkovska et al. 2014 and 2016 studies
[24, 74].

Weibull model

m = 1− exp

(
−(t−T b

lag)

a

)
with a = (Td)

b (S1)

a = scale parameter
b = shape paramter

m = fraction of the dissolved drug at time t
Td = time needed to dissolve 63% of the formulation

Tlag = lag time before the onset of dissolution

The parameters used in the presented model are listed in the drug-dependent parameter table (Table
S2.2).
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1.2 Quantitative PBPK model evaluation

The model performance was evaluated by comparing predicted plasma concentration-time profiles to ob-
served data which are displayed in the following sections in linear and semilogarithmic scale (Figures
S2.4.2-S2.4.15) and in goodness-of-fit plots (Figure S2.5.16). Furthermore, the models were evaluated
by comparing predicted to observed area under the plasma concentration-time curve (AUC) and maxi-
mum plasma concentration (Cmax) values (Figures S2.5.17-S2.5.18). Figures S2.5.19-S2.5.22 illustrate
results of local sensitivity analyses as bar graphs.
As quantitative performance measures, the mean relative deviation (MRD) was calculated for all profiles
from their respective predicted and observed plasma concentrations (Equation (S2)). Furthermore, the
geometric mean fold errors (GMFE) of the AUClast (AUC from the first time point to the last time point of
concentration measurement of drug administration) and Cmax were calculated according to Equation (S3).

Equation: Mean relative deviation

MRD = 10x with x =

√
1
n

n

∑
i=1

(log10 ĉi− log10 ci)2 (S2)

ci = the ith observed plasma concentration
ĉi = the respective predicted plasma concentration

n = number of observed values

Overall MRD values of ≤ 2 were considered reasonable predictions.
The GMFE was calculated for all AUClast and Cmax values according to Equation (S3).

Equation: Geometric mean fold error

GMFE = 10x with x =
1
n

n

∑
i=1
|log10(

âi

ai
)| (S3)

ai = the ith observed AUClast or Cmax value
âi = the respective predicted AUClast or Cmax value

n = number of studies

Overall GMFE values of ≤ 2 were considered reasonable predictions.

1.3 Sensitivity analysis

Sensitivity of the final models to single parameter changes (local sensitivity analysis) was calculated as
relative change of the AUClast. It was carried out using a relative perturbation of 1000% (variation range
10.0, maximum number of 9 steps). Parameters were included into the analysis if they were optimized
or assumed to have an impact on AUC. Sensitivity to a parameter was calculated as the ratio of relative
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change of the simulated AUClast to the relative variation of the parameter value used in the final model
according to Equation (S4).

Equation: Sensitivity analysis

S =
∆AUClast

∆p
∗ p

AUClast
(S4)

∆AUC = change of the AUClast

AUC = simulated AUClast with the original parameter value
∆p = change of the examined parameter value

p = original parameter value
S = sensitivity of the AUClast to the examined model parameter

A sensitivity of + 1.0 signifies that a 10% increase of the examined parameter value causes a 10% increase
of the simulated AUClast.
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1.4 System-dependent parameters

System-dependent parameters, such as reference concentrations and tissue expression profiles of me-
tabolizing enzymes and transporters, are listed in Table S1.1.

Table S1.1: System-dependent parameters.
Protein (Gene) Reference concentration Relative expression a Localization Half-life [h]

Meanb [µmol/l] GeoSDc Liver Intestine

CYP2B6 (CYP2B6) 1.56 d1.40 RT-PCR [2] intracellular 32 23
CYP2C19 (CYP2C19) 0.76 1.79 [16] RT-PCR [2] intracellular 26 23
11β -HSD (HSD11B1) e1.0 d1.40 Array [3] intracellular 36 23
UGT2B7 (UGT2B7 ) f 0.28 [4] 1.56 [16] EST [5] intracellular 36 23
NRTg (SLC6A2) e1.0 d1.40 EST [5] hmembrane 36 23

11β -HSD, 11β -hydroxysteroid dehydrogenase 1; conc., concentration CYP, cytochrome P450; Array, microarray expression pro-
file; EST, expressed sequence tag expression profiles from UniGene; NRT, noradrenaline reuptake transporter; RT-PCR, reverse
transcription-polymerase chain reaction measured expression profile; UGT, uridine 5’-diphospho-glucuronosyltransferase.
a, in the different organs (PK-Sim® expression database profile)
b, µmol protein/l in the tissue of highest expression
c, geometric standard deviation of the reference concentration
d , if no information was available, a moderate variability of 35% CV was assumed (1.40 GeoSD)
e, no information was available, thus, the mean reference concentration was set to 1.0 µmol/l and the catalytic rate constant (kcat) was
optimized according to Meyer et al. 2012 [6].
f , calculated from transporter per mg membrane protein times 26.2 mg human kidney microsomal protein per g kidney tissue [7]
g, expression profile used for general binding partner
h, extracellular membrane

Virtual individual

Proteins were implemented for every modeled individual. The individuals were created based on the
demographics mentioned in the respective clinical study report. If no data was available a standard indi-
vidual was used. This standard individual, similar to the Standard European Male implemented in OSP®,
is based on the demographic databases used in the modeling software. Additionally, every individual had
an activated enterohepatic circulation (EHC continuous fraction = 1). The characteristics of the standard
individuals are compared in Table S1.2.

Virtual population

Virtual population were created based on 500 individuals, with their demographic information (age range,
sex composition, ethnicity) derived from the respective clinical study report. If no information on ethnicity
and sex composition was given, a 100% European male population with and age range of 20-50 years was
assumed. System-dependent parameters, e.g. weight, height, organ volumes or blood flow rates, were
varied by the implementd algorithm in PK-Sim® based on the limits of the following databases: American:
Third National Health and Nutrition Examination Survey (NHANES)[15] database, Asian: Tanaka model
[9], European: International Commission on Radiological Protection (ICRP) database [8]. The reference
concentrations of the metaolizing enzymes and transporters as listed in Table S1.1, were log-normaly
distributedmaccording to the variabilty reported in the ontogeny database implemented in PK-Sim® [16].
If no information could be found, reference concentrations were distributed with a variability of 35% CV
(geometric standard deviation of 1.4).
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Table S1.2: Standard individual demographics.
Individual Age [years] Weight [kg] Height [cm] BSA [m²] BMI [kg/m²] Reference

OSP® - Standard European Malea 30 73 176 1.89 23.57 [8]
European Femaleb 30 60 163 1.65 22.58 [8]
Asian Malec 30 60 170 1.68 20.78 [9]

BMI, body mass index; BSA, body surface area; OSP®, open systems pharmacology®.
a, standard individual implemented in the modeling software, used for every study where demographical data was missing
b, only used for Palovaara 2003 [10]
c, only used for Fan 2009 [11], Gao 2012 [12], Gao 2016 [13] and Qin 2012 [14], since asian populations was assumed.
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1.5 Implementation - Interaction modeling

1.5.1 Drug-gene-interaction

In order to describe the effect of different CYP2B6 genotypes on the compounds’ PK, the enzyme activity
was implemented as two enzymes for each allele. The single alleles were modeled with Michaelis-Menten
constant (KM) values from literature (after correction for microsomal binding). For two genetic variants
(CYP2B6*4 and CYP2B6*5), the catalytic rate constant, kcat was calculated from reported maximum ve-
locity (Vmax) in vitro measurements. For CYP2B6*1 and CYP2B6*6, kcat was optimized with reported
plasma concentration-time profiles of populations with homozygous expression of the respective haplo-
type. All DGI parameters are shown in Table S3.2 in Section 3.1.

1.5.2 Drug-drug-interaction

DDIs were simulated for bupropion as the victim drug. For the CYP2B6 interaction network, the investi-
gated perpetrators included rifampicin as inducer and fluvoxamine and voriconazole as inhibitors. Interac-
tion parameters were informed from the literature and are listed in the respective parameter tables (Table
S4.1,S4.2 and S4.3).

Mathematical implementation of induction

Drug-induced increase of gene expression and therefore, enzyme activity, was calculated as shown in
Equations (S5) and (S6).

Implementation of enzyme induction

d[E]
dt

= Rsyn,app− kdeg ∗ [E] (S5)

Rsyn,app = Rsyn ∗ (1+
Emax ∗ [I]
EC50 +[I]

) (S6)

d[E]
dt = enzyme turnover rate
[E] = enzyme concentration

EC50 = inducer concentration to reach half-maximal induction in vivo
Emax = maximum induction effect in vivo

[I] = free inducer concentration
kdeg = degradation rate constant

Rsyn = enzyme synthesis rate in absence of inducer
Rsyn,app = enzyme synthesis rate in presence of inducer

Mathematical implementation of inhibition

Inhibition of enzyme activites was implemented as a competitive inhibition process. Competitive inhi-
bition occurs if the inhibitor binds reversibly to the active site of an enzyme and hence, competes with
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the substrate over the binding spot. Since the inhibitor binds reversibly to the enzyme, high substrate
concentrations can overcome its inhibition. The process is calculated as shown in Equations (S7) and
(S8).

Implementation of enzyme inhibition

v =
Vmax ∗ [S]

KM,app +[S]
(S7)

KM,app = KM ∗ (1+
[I]
KI

) (S8)

I = free inhibitor concentration
KI = dissociation constant of the inhibitor-enzyme complex

KM = Michaelis-Menten constant in absence of inhibitor
KM,app = apparent Michaelis-Menten constant in presence of inhibitor

S = free substrate concentration
v = reaction velocity

Vmax = maximum reaction velocity

1.5.3 Drug-drug-gene-interaction

Drug-drug-gene-interactions (DDGIs) were simulated for various genotypes after concomitant rifampicin
intake. The underlying effects on the PK were implemented according to the Sections 1.5.1 and 1.5.2.
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1.6 Evaluation - Interaction modeling

1.6.1 Drug-gene-interaction

In addition to Section 1.2, the effect of DGIs was evaluated by calculation of the ratio of hydroxybupropion
to bupropion AUClast and Cmax values in plasma as shown in Equation (S9).The calculated ratios are il-
lustrated in Figure S3.5.4.

DGI effect ratio

PKHBup/Bup =
PK(HBup)
PK(Bup)

(S9)

Bup = PK parameter of bupropion
HBup = PK parameter of hydroxybupropion

PKHBup/Bup = HBup/Bup ratio of the PK parameter
PK = PK parameter such as AUClast or Cmax

Additionally, DGI effect ratios for the ratio of hydroxybupropion to bupropion AUClast and Cmax values were
calculated according to Equation (S10) for predicted and observed concentrations. The calculated ratios
are illustrated in Figure S3.5.4.

DGI effect hydroxybupropion/bupropion ratio

DGI PKHBup/Bup =
PKHBup/Bup(E f f ect)
PKHBup/Bup(Control)

with PKHBup/Bup =
PKHBup

PKBup
(S10)

Bup = bupropion
HBup = hydroxybupropion

PKHBup/Bup(Control) = HBup/Bup ratio of the PK parameter of wildtype CYP2B6
PKHBup/Bup(E f f ect) = HBup/Bup ratio of the PK parameter of a variant CYP2B6 genotype

PK = PK parameter such as AUClast or Cmax

1.6.2 Drug-drug-interaction

Similar to the DGIs, the effect of DDIs was evaluated by calculation of the ratio of hydroxybupropion to
bupropion AUClast and Cmax values according to Equation (S9). The calculated ratios are illustrated in
Figure S4.6.4. Additionally, DDI effect ratios for the ratio of hydroxybupropion to bupropion AUClast and
Cmax were calculated as shown in Equation (S11) for predicted and observed concentrations. The calcu-
lated DDI ratios are illustrated in Figure S4.6.4.
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DDI effect hydroxybupropion/bupropion ratio

DDI PKHBup/Bup =
PKHBup/Bup(E f f ect)
PKHBup/Bup(Control)

with PKHBup/Bup =
PKHBup

PKBup
(S11)

Bup = bupropion
HBup = hydroxybupropion

PKHBup/Bup(Control) = HBup/Bup ratio of the PK parameter without perpetrator
PKHBup/Bup(E f f ect) = HBup/Bup ratio of the PK parameter with perpetrator

PK = PK parameter such as AUClast or Cmax

1.6.3 Drug-drug-gene-interaction

The majority of compiled DDGI data only included AUCinf (AUC extrapolated to infinity) ratios of hydrox-
ybupropion and bupropion, with only one study showing plasma concentration-time profile. Hence, the
effect of DDGIs was evaluated by calculation of DDGI effect ratios for AUCHBup/Bup (AUClast or AUCinf) in
plasma as shown in Equation (S12). The calculated DDGI effect ratios for the ratio of hydroxybupropion
to bupropion are illustrated in Figure S5.4.2.

DDGI effect hydroxybupropion/bupropion ratio

DDGI AUCin f ,HBup/Bup =
AUCin f ,HBup/Bup(E f f ect)
AUCin f ,HBup/Bup(Control)

with AUCin f ,HBup/Bup =
AUCin f ,HBup

AUCin f ,Bup
(S12)

Bup = bupropion
HBup = hydroxybupropion

AUCin f ,HBup/Bup(Control) = HBup/Bup ratio of AUCinf of wildtype CYP2B6 without perpetrator
AUCin f ,HBup/Bup(E f f ect) = HBup/Bup ratio of AUCinf of a variant CYP2B6 genotype with perpetrator
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2 Bupropion model development

2.1 Background

Bupropion is a noradrenaline and dopamine reuptake inhibitor used in the treatment of major depressive
disorder and to aid smoking cessation [17]. In therapy, the compound is either administered as monother-
apy or in combination with additional anti-depressant agents [17, 18]. Bupropion is pharmacologically
active, but is also transformed to three active metabolites [19].
One metabolite, hydroxybupropion, is formed by CYP2B6 mediated hydroxylation of bupropion. Erythro-
and threohydrobupropion are formed through several metabolic steps of which reduction by carbonyl
reductase 11β -HSD metabolizes is the rate-limiting step [20]. To some extent, further CYP enzymes,
i.e. CYP2C19, are also involved in bupropion degradation [21]. Therefore, the presented model in-
cludes transformation via CYP2B6, 11β -HSD and CYP2C19. The three metabolites are subsequently
glucuronidated via UGT2B7, which is also implemented in the model.
Bupropion binds and inhibits reuptake transporters for noradrenaline, dopamine and acetylcholine [22,
23]. This target-mediated binding was modeled by implementation of a surrogate binding parther, rep-
resenting various different targets. An expression profile of the noradrenaline reuptake transpoter 1 was
used for the surrogate binding partner.
Data from 48 clinical studies were used for model development and split into a training dataset, used for
model building and parameter optimization, and a test dataset, used for model evaluation. Here, bupro-
pion (20 mg to 450 mg) was administered as oral formulations with different release kinetics (Table S2.1).
Drug-dependent parameters for the parent-metabolite model featuring bupropion, hydroxybupropion, ery-
thorhydrobupropion and threohydrobupropion are listed in Table S2.2.
Several model input parameters that could not be informed from the literature, were optimized, including
kcat values for all metabolic reactions. To model the target-binding of bupropion, binding to various phar-
macological targets was summarized by including one target protein as a binding partner.
Figure S2.1.1 illustrates a quantitative mass-balance diagram of the elimination pathways of bupropion.
Bupropion is predicted to be absorbed completely. Metabolism via CYP2B6 accounts for 58 %, 11β -HSD
for 28% and CYP2C19 for 13% of total bupropion. In urine, 1% of unchanged bupropion is predicted to
be excreted, while almost no bupropion can be simulated in faeces. Influence of the first pass metabolism
could not be determined, as data of intravenous administration of bupropion were not available and there-
fore, not evaluated.
The good performance of the model is demonstrated in linear (Fig. S2.4.2, S2.4.3, S2.4.8, S2.4.9 and
S2.4.14) and semilogarithmic plots (Fig. S2.4.5, S2.4.6, S2.4.11, S2.4.12 and S2.4.15) of predicted com-
pared to observed plasma concentration-time profiles of all clinical studies. Furthermore, goodness-of-fit
plots comparing predicted to their corresponding observed plasma concentrations are presented (Fig.
S2.5.16) and calculated MRD values for each study are listed in Table S2.4. Additionally, correlation plots
of predicted versus observed AUClast and Cmax values are shown in Figures S2.5.17 and S2.5.18. A
summary of the respective PK parameters, including calculated GMFE values, is shown in Table S2.4.
Local sensitivity analysis results for simulations of 300 mg bupropion administered as immediate release
(100 mg three times daily), sustained release (150 mg two times daily) or extended release (300 mg once
daily) tablets are presented in Section 2.5.5.
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Figure S2.1.1: Quantitative mass-balance diagram of the elimination pathways of bupropion.
Metabolism via CYP2B6, via 11β -HSD and CYP2C19 accounts for 99% of total bupro-
pion. One % of bupropion is excreted unchanged to urine, while no bupropion is predicted
to be in feces. 11β -HSD, 11β -hydroxysteroid dehydrogenase; CYP, cytochrome P450; E,
erythrohydrobupropion; T, threohydrobupropion.
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2.2 Clinical studies

In Table S2.1, all clinical studies used for model development are listed. Virtual individuals were built according to the demographics published in the
respective study reports. If no data on the demographics were reported, a standard individual was used as described in Section 1.4.

Table S2.1: Clinical studies used for bupropion model development.
Dosing n Age [years] Weight [kg] BMI [kg/m²] Females [%] CYP2B6 genotype (n) Dataset Reference

20 mg Cap (s.d.) 30 23.5 (18–36) - 21.7 (18.4–27.7) 50 *1|*6 (16), *6|*6 (1) ta Bosilkovska 2016 [24]
25 mg Cap (s.d.) 10 23 (20–36) - 22 (19.9–24.4) 0 *1|*6 (4), *6|*6 (2) te Bosilkovska 2014 [25]
50 mg IR (s.d.) 24 19–43 - - 50 - ta Findlay 1981 [26]
75 mg IR (s.d.) 20 18–55 72.3 (53.6–88.9) 19.5–28.3 50 - ta Zahner 2014 [27]
75 mg IR (s.d.) 7 18–45 - - 100 - te Hesse 2006 [28]
75 mg IR (s.d.) 33 25–55 67.5 (56.3–107) 18.5–35 51.5 - te Connarn 2017 [18]
100 mg IR (s.d.) 33 25–55 67.5 (56.3–107) 18.5–35 51.5 - ta Connarn 2017 [18]
100 mg IR (s.d.) 24 19–43 - - 50 - ta Findlay 1981 [26]
100 mg IR (s.d.) 15 24 (19–47) 74.8 25 40 - te Masters 2016 [29]
100 mg IR (s.d.) 24 43.5 72.9 26.5 45.8 - te Yamazaki 2017 [30]
100 mg IR (s.d.) 8 20-35 - - 0 - te Posner 1984 [31]
100 mg IR (s.d.) 8 29.5 (22–42) 80 (66–101) - - - te Posner 1985 [32]
100 mg IR (m.d.) 8 29.5 (22–42) 80 (66–101) - - - te Posner 1985 [32]
100 mg IR (m.d.) 30 - - - - - ta Patent 1a (US2006/0228415A1) [33]
150 mg IR (s.d.) 10 31 (21–40) 73 (57–84) - 60 - ta Kharasch 2008 [34]
150 mg IR (s.d.) 13 29 (23–39) 67 (53–84) - - - te Kharasch 2008b [35]
200 mg IR (s.d.) 24 19–43 - - 50 - ta Findlay 1981 [26]

100 mg SR (s.d.) 33 25–55 67.5 (56.3–107) 18.5–35 51.5 - te Connarn 2017 [18]
100 mg SR (s.d.) 12 20–44 - - 16.7 - te Hogeland 2007 [36]
150 mg SR (m.d.) 42 31.8 (19–64) 74.7 (56.2–105.4) 25.4 (18.7–39.5) 38 *1|*5 (2), *1|*6 (6), *5|*6 (3), *6|*6 (4) te Benowitz 2013 [37]
150 mg SR (s.d.) 22 22.7 65 - 27.3 *1|*4 (3), *1|*6 (11), *6|*6 (2) ta Chung 2011 [38]
150 mg SR (s.d.) 33 25–55 67.5 (56.3–107) 18.5–35 51.5 - ta Connarn 2017 [18]
150 mg SR (s.d.) 24 - - - - - te Dennison 2018 [39]
150 mg SR (s.d.) 17 - - - - *1|*6 (6), *6|*6 (5) te Fan 2009 [11]
150 mg SR (s.d.) 30 29 (18–53) 75 (56–96) 24 (20–30) 0 - te Farid 2008 [40]
150 mg SR (s.d.) 19 - - - 0 - ta Gao 2012 [12]
150 mg SR (s.d.) 34 26.2 66.5 - 47.1 - te Hsyu 1997 [41]
150 mg SR (s.d.) 14 21.3 61.3 - 0 - te Lei 2009 [42]
150 mg SR (s.d.) 18 21.3 62.7 - 0 - te Lei 2010 [43]
150 mg SR (s.d.) 18 22 (19–34) 72 (53–99) 23.1 (18.4–26.9) 0 *1|*4 (1), *1|*5 (1), *1|*6 (6), *5|*5

(1),*4|*6 (1),*6|*6 (1),*6|*14 (1)
ta Loboz 2006 [44]

150 mg SR (s.d.) 12 20–25 50–75 18–27 100 - ta Palovaara 2003 [10]
150 mg SR (m.d.) 49 - - - - - ta Patent 1b (US2006/0228415A1) [33]
150 mg SR (m.d.) 7 - - - - - te Patent 2 (US8545880B2) [45]
150 mg SR (s.d.) 16 20–23 62–85 21–26 0 *1|*6 (6),*6|*6 (4) te Qin 2012 [14]
150 mg SR (s.d.) 13 39 (21–54) 86 - 23.1 - te Robertson 2008 [46]
150 mg SR (s.d.) 12 22–27 67–95 21–26 0 - te Turpeinen 2005 [47]
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Table S2.1: Clinical studies used for bupropion model development. (continued)
Dosing n Age [years] Weight [kg] BMI [kg/m²] Females [%] CYP2B6 genotype (n) Dataset Reference

150 mg SR (s.d.) 17 27.3 (21–50) 73.9 (±8.9) 23.5 (±2.0) 41.7 - te Turpeinen 2007 [48]
150 mg SR (s.d.) 10 39.6 (32–43) 78.2 (±18.6) 26.4 (±5.3) 50 - te Turpeinen 2007 [48]
150 mg SR (s.d.) 16 61.9 (50–70) - - 100 - te Turpeinen 2013 [49]
300 mg SR (s.d.) 24 29 (18–45) 77 (56–96) - 0 - te Kustra 1999 [50]

150 mg ER (s.d.) 33 25–55 67.5 (56.3–107) 18.5–35 51.5 - ta Connarn 2017 [18]
300 mg ER (s.d.) 33 25–55 67.5 (56.3–107) 18.5–35 51.5 - te Connarn 2017 [18]
300 mg ER (m.d.) 30 - - - - - te Patent 1a (US 2006/0228415 A1) [33]
300 mg ER (m.d.) 49 - - - - - ta Patent 1b (US 2006/0228415 A1) [33]
300 mg ER (m.d.) 38 - - - - - te Patent 3 (US7,645,802B2) [51]
300 mg ER (m.d.) 16 24.3 - 22.7 50 - te Schmid 2012 [52]
300 mg ER (m.d.) - - - - - - ta Woodcock 2012 [53]
450 mg ER (m.d.) 20 - - - - - te Paiement 2012 [54]

BMI, body mass index; Cap, capsule (Geneva cocktail [25]); CYP, cytochrome P450; ER, extended release formulation; IR, immediate release formulation; m.d., multiple dose; n, number of
individuals studied; s.d., single dose; SR, sustained release formulation; ta, training dataset; te, test dataset; -, no data available. Values are given as mean ± standard deviation (SD), the range
of values is given in brackets.
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2.3 Drug-dependent model parameters

Table S2.2 lists the drug-dependent parameters used in model development of the final parent-metabolite model.

Table S2.2: Drug-dependent parameters of the bupropion PBPK model.
Parameter Unit Value Source Reference Value Source Reference Value Source Reference Description

Bupropion Hydroxybupropion Erythro-/Threohydrobupropion

MW g/mol 239.74 lit. [55] 255.74 lit. [56] 241.76 lit. [57] Molecular weight
pKa (base) - 8.75 lit. [58] 7.65 lit. [56] 9.71 lit. [57] Acid dissociation constant
Solubility (pH) mg/ml 364.56 (7.4) lit. [59] 0.91 (7.4) lit. [56] 82.98 (7.4) lit. [57] Solubility
logP - a2.70 3.27 [55] a1.90 2.20 [60] a1.76 2.88 [61] Lipophilicity
fu % 16.00 lit. [62] 23.00 lit. [62] 58.00 lit. [62] Fraction unbound
Spec. int. perm. cm/min a3.30E-5 b2.42E-4 - b2.78E-5 b2.78E-

5
- b2.64E-5 b2.64E-

5
- Normalized to surface area

Org. perm. cm/min b0.14 b0.14 - b0.01 b0.01 - b0.01 b0.01 - Normalized to surface area
GFR frac. - 1.00 asm. - 1 asm. - 1 asm. - Fraction of filtered drug in urine
EHC cont. frac. - 1.00 asm. - 1 asm. - 1 asm. - Bile fraction continuously released
Cell. perm. cm/min Ch. d. S. - [63] Ch. d. S. - [63] Ch. d. S. - [63] Permeation across cell membranes
Part. coef. - PK-Sim - [1] Berez. - [64] Berez. - [64] Organ-plasma partition coefficients
11β -HSD KM µmol/l 39.10 lit. [65] - - - - - - 11β -HSD Michaelis-Menten

constant
11β -HSD kcat
(EBup)

1/min a2.15 - - - - - - - - 11β -HSD catalytic rate constant for
formation of EBup

11β -HSD kcat
(TBup)

1/min a8.18 - - - - - - - - 11β -HSD catalytic rate constant for
formation of TBup

CYP2B6 KM µmol/l c25.80 lit. [66] - - - - - - CYP2B6 Michaelis-Menten constant
CYP2B6 kcat 1/min a21.74 - - - - - - - - CYP2B6 catalytic rate constant for

wildtype
CYP2C19 KM µmol/l 8.30 lit. [67] - - - - - - CYP2C19 Michaelis-Menten

constant
CYP2C19 kcat 1/min a2.59 - - - - - - - - CYP2C19 catalytic rate constant
BP KD µmol/l a0.44 d 0.35,

0.53, 0.87,
6.98

[68–70] - - - - - - Dissociation constant for binding

BP koff 1/min a0.05 - - - - - - - - Dissociation rate constant for
binding

UGT2B7 KM µmol/l - - - c14.64 lit. [71] c9.33 (EBup),
c6.22 (TBup)

lit. [71] UGT2B7 Michaelis-Menten
constant

UGT2B7 kcat 1/min - - - a1.38 - - a0.38 (EBup),
a0.10 (TBup)

- - UGT2B7 catalytic rate constant

Weibull shape - a4.43 (Cap) - - - - - - - - Shape used for Weibull
- a0.75 (IR) - - - - - - - -
- a1.00 (SR) - - - - - - - -
- a, f 0.60 (SR) - - - - - - - -
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Table S2.2: Drug-dependent parameters of the bupropion PBPK model. (continued)
Parameter Unit Value Source Reference Value Source Reference Value Source Reference Description

- e1.88 (ER) e1.88 [33] - - - - - -
Weibull time min a10.64 (Cap) - - - - - - - - Time of 50% dissolved

min a3.12 (IR) - - - - - - - -
min a100.00 (SR) - - - - - - - -
min a, f 54.13 (SR) - - - - - - - -
min e230.00 (ER) e230.00 [33] - - - - - -

11β -HSD, 11β -hydroxysteroid dehydrogenase 1; asm., assumed; Berez., Berezhkovskiy calculation method; BP, binding partner; Cap, capsule (Geneva cocktail [25]); cell. perm., cellular per-
meabilities; Ch. d. S., Charge dependent Schmitt calculation method; CYP, cytochrome P450; EBup, erythrohydrobupropion; EHC, enterohepatic circulation; ER, extended release formulation;
frac., fraction; IR, immediate release formulation; GFR, glomerular filtration rate; lit., literature; org. perm., organ permeability; part. coeff., partition coefficients; PK-Sim, PK-Sim Standard
calculation method; spec. int. perm., specific intestinal permeability; SR, sustained release formulation; TBup, threohydrobupropion; UGT, uridine 5’-diphospho-glucuronosyltransferase; -, not
available.
a, optimized
b, calculated parameter
c, in vitro values corrected for binding in the assay using fraction unbound to microsomal protein measurements from the same study [72]
d , range also includes inhibition constant values (Ki)
e, calculated dissolution parameter after Langenbuchener et al. 1972 [73]
f , used for Fan 2009 [11], Gao 2012 [12], Gao 2016 [13], Lei 2009 [42], Lei 2010 [43] and Qin 2012 [14]
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2.4 Concentration-time profiles

The geometric means of the population predictions (n=500) are shown as solid lines and corresponding
observed data as filled dots. Symbols represent the arithmetic mean values ± standard deviation, if
available. The shaded areas indicate the geometric standard deviation. Details on dosing regimens,
study populations and literature references are listed in Table S2.1.

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure S2.4.2: Bupropion and metabolites after administration of single or multiple doses of bupro-
pion as an immediate release formulation (part 1/3) on a linear scale. Cap, capsule
(Geneva cocktail [74]); IR, immediate release tablet; m.d., multiple dose; n, number of
individuals; s.d., single dose; ta, training dataset; te, test dataset.
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure S2.4.3: Bupropion and metabolites after administration of single or multiple doses of bupro-
pion as an immediate release formulation (part 2/3) on a linear scale. IR, immediate
release tablet; m.d., multiple dose; n, number of individuals; s.d., single dose; ta, training
dataset; te, test dataset.
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(a) (b) (c)

Figure S2.4.4: Bupropion and metabolites after administration of single or multiple doses of bupro-
pion as an immediate release formulation (part 3/3) on a linear scale. IR, immediate
release tablet; m.d., multiple dose; n, number of individuals; s.d., single dose; ta, training
dataset; te, test dataset.

Page 22



(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure S2.4.5: Bupropion and metabolites after administration of single or multiple doses of bupro-
pion as an immediate release formulation (part 1/3) on a semi-logarithmic scale. Cap,
capsule (Geneva cocktail [74]); IR, immediate release tablet; m.d., multiple dose; n, num-
ber of individuals; s.d., single dose; ta, training dataset; te, test dataset.
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure S2.4.6: Bupropion and metabolites after administration of single or multiple doses of bupro-
pion as an immediate release formulation (part 2/3) on a semi-logarithmic scale. IR,
immediate release tablet; m.d., multiple dose; n, number of individuals; s.d., single dose;
ta, training dataset; te, test dataset.
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(a) (b) (c)

Figure S2.4.7: Bupropion and metabolites after administration of single or multiple doses of bupro-
pion as an immediate release formulation (part 3/3) on a semi-logarithmic scale. IR,
immediate release tablet; m.d., multiple dose; n, number of individuals; s.d., single dose;
ta, training dataset; te, test dataset.
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure S2.4.8: Bupropion and metabolites after administration of single or multiple doses of bupro-
pion as a sustained release formulation (part 1/3) on a linear scale. m.d., multiple
dose; n, number of individuals; s.d., single dose; SR, sustained release tablet; ta, training
dataset; te, test dataset.
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure S2.4.9: Bupropion and metabolites after administration of single or multiple doses of bupro-
pion as a sustained release formulation (part 2/3) on a linear scale. m.d., multiple
dose; n, number of individuals; s.d., single dose; SR, sustained release tablet; ta, training
dataset; te, test dataset.
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(a) (b) (c)

(d) (e)

Figure S2.4.10: Bupropion and metabolites after administration of single or multiple doses of
bupropion as a sustained release formulation (part 3/3) on a linear scale. m.d., mul-
tiple dose; n, number of individuals; s.d., single dose; SR, sustained release tablet; ta,
training dataset; te, test dataset.
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure S2.4.11: Bupropion and metabolites after administration of single or multiple doses of
bupropion as a sustained release formulation (part 1/3) on a semi-logarithmic scale.
m.d., multiple dose; n, number of individuals; s.d., single dose; SR, sustained release
tablet; ta, training dataset; te, test dataset.
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure S2.4.12: Bupropion and metabolites after administration of single or multiple doses of
bupropion as a sustained release formulation (part 2/3) on a semi-logarithmic scale.
m.d., multiple dose; n, number of individuals; s.d., single dose; SR, sustained release
tablet; ta, training dataset; te, test dataset.
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(a) (b) (c)

(d) (e)

Figure S2.4.13: Bupropion and metabolites after administration of single or multiple doses of
bupropion as a sustained release formulation (part 3/3) on a semi-logarithmic scale.
m.d., multiple dose; n, number of individuals; s.d., single dose; SR, sustained release
tablet; ta, training dataset; te, test dataset.
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(a) (b) (c)

(d) (e) (f)

(g) (h)

Figure S2.4.14: Bupropion and metabolites after administration of single or multiple doses of
bupropion as an extended release formulation on a linear scale. ER, extended re-
lease tablet; m.d., multiple dose; n, number of individuals; s.d., single dose; ta, training
dataset; te, test dataset.
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(a) (b) (c)

(d) (e) (f)

(g) (h)

Figure S2.4.15: Bupropion and metabolites after administration of single or multiple doses of
bupropion as an extended release formulation on a semi-logarithmic scale. ER, ex-
tended release tablet; m.d., multiple dose; n, number of individuals; s.d., single dose; ta,
training dataset; te, test dataset.
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2.5 Model evaluation

2.5.1 Predicted compared to observed concentrations goodness-of-fit plots

Following, goodness-of-fit plots of predicted compared to observed plasma concentrations of all four com-
pounds are illustrated in Figure S2.5.16. Details on dosing regimens, study populations and literature
references are listed in Table S2.1.

(a) Immediate release (b) Sustained release (c) Extended release

Figure S2.5.16: Predicted compared to observed plasma concentration values. Illustrated are values
after application of (a) immediate release, (b) sustained release, and (c) extended release
tablets. The solid line marks the line of identity. Dotted lines indicate 1.25-fold, dashed
lines indicate 2-fold deviation.
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2.5.2 Mean relative deviation of plasma concentration predictions

Table S2.3: Mean relative deviation values of bupropion, hydroxybupropion, erythrohydrobupropion and
threohydrobupropion plasma concentration predictions.

Dosing n Compound MRD Compound MRD Dataset Reference

20 mg Cap (s.d.) 30 Bup 1.86 HBup 1.18 ta Bosilkovska 2016 [24]
25 mg Cap (s.d.) 10 Bup 1.40 HBup 1.36 te Bosilkovska 2014 [25]
50 mg IR (s.d.) 12 Bup 2.03 HBup - te Findlay 1981 (female) [26]
50 mg IR (s.d.) 12 Bup 2.64 HBup - ta Findlay 1981 (male) [26]
75 mg IR (s.d.) 20 Bup 2.11 HBup - te Zahner 2014 [27]
75 mg IR (s.d.) 7 Bup 1.62 HBup 1.57 te Hesse 2006 [28]
75 mg IR (s.d.) 30 Bup 1.43 HBup 1.33 te Connarn 2017 [18]
100 mg IR (s.d.) 32 Bup 1.59 HBup 1.22 ta Connarn 2017 [18]
100 mg IR (s.d.) 12 Bup 2.10 HBup - ta Findlay 1981 (female) [26]
100 mg IR (s.d.) 12 Bup 1.96 HBup - te Findlay 1981 (male) [26]
100 mg IR (s.d.) 15 Bup 1.75 HBup 1.10 te Masters 2016 [29]
100 mg IR (s.d.) 24 Bup 1.58 HBup 1.25 te Yamazaki 2017 [30]
100 mg IR (s.d.) 8 Bup 2.30 HBup - te Posner 1984 [31]
100 mg IR (s.d.) 8 Bup 1.59 HBup 1.08 te Posner 1985a [32]
100 mg IR (m.d.) 8 Bup 2.50 HBup 1.03 te Posner 1985b [32]
100 mg IR (s.d.) 8 Bup 1.92 HBup 1.08 te Posner 1985c [32]
100 mg IR (m.d.) 30 Bup 1.79 HBup 1.08 ta Patent 1a (US2006/0228415A1) [33]
150 mg IR (s.d.) 10 Bup 1.33 HBup 1.30 ta Kharasch 2008 [34]
150 mg IR (s.d.) 13 Bup 1.71 HBup 1.14 te Kharasch 2008b [35]
200 mg IR (s.d.) 12 Bup 2.22 HBup - ta Findlay 1981 (female) [26]
200 mg IR (s.d.) 12 Bup 2.15 HBup - te Findlay 1981 (male) [26]
100 mg SR (s.d.) 30 Bup 1.38 HBup 1.09 ta Connarn 2017 [18]
100 mg SR (s.d.) 12 Bup 1.58 HBup 1.77 te Hogeland 2007 [36]
150 mg SR (m.d.) 42 Bup 1.20 HBup 1.05 te Benowitz 2013 [37]
150 mg SR (s.d.) 22 Bup 1.17 HBup 1.04 ta Chung 2011 [38]
150 mg SR (s.d.) 32 Bup 1.25 HBup 1.11 ta Connarn 2017 [18]
150 mg SR (s.d.) 24 Bup 1.13 HBup - te Dennison 2018 [39]
150 mg SR (s.d.) 17 Bup 2.02 HBup 1.57 te Fan 2009 [11]
150 mg SR (s.d.) 30 Bup 1.12 HBup 1.16 te Farid 2008 [40]
150 mg SR (s.d.) 19 Bup 6.21 HBup 1.50 ta Gao 2012 [12]
150 mg SR (s.d.) 34 Bup 1.25 HBup 1.33 te Hsyu 1997 [41]
150 mg SR (s.d.) 14 Bup 1.26 HBup 1.14 te Lei 2009 [42]
150 mg SR (s.d.) 18 Bup 1.19 HBup 1.20 te Lei 2010 [43]
150 mg SR (s.d.) 18 Bup 1.25 HBup 1.37 ta Loboz 2006 [44]
150 mg SR (s.d.) 12 Bup 1.22 HBup 1.16 ta Palovaara 2003 [10]
150 mg SR (m.d.) 49 Bup 1.13 HBup 1.02 ta Patent 1b (US2006/0228415A1) [33]
150 mg SR (m.d.) 7 Bup 1.49 HBup - te Patent 2 (US8545880B2) [45]
150 mg SR (s.d.) 16 Bup 1.46 HBup 1.35 te Qin 2012 [14]
150 mg SR (s.d.) 13 Bup 1.23 HBup 1.24 te Robertson 2008 [46]
150 mg SR (s.d.) 12 Bup 4.02 HBup 1.12 te Turpeinen 2005 [47]
150 mg SR (s.d.) 17 Bup 1.35 HBup 1.23 te Turpeinen 2007a [48]
150 mg SR (s.d.) 10 Bup 1.37 HBup 1.15 te Turpeinen 2007b [48]
150 mg SR (s.d.) 16 Bup 1.32 HBup 1.16 te Turpeinen 2013 [49]
300 mg SR (s.d.) 24 Bup 1.35 HBup 1.13 te Kustra 1999 [50]
150 mg ER (s.d.) 30 Bup 4.16 HBup 1.59 ta Connarn 2017 [18]
300 mg ER (s.d.) 30 Bup 2.72 HBup 4.03 te Connarn 2017 [18]
300 mg ER (m.d.) 30 Bup 1.16 HBup 1.02 te Patent 1a (US2006/0228415A1) [33]
300 mg ER (m.d.) 49 Bup 1.22 HBup 1.02 ta Patent 1b (US2006/0228415A1) [33]
300 mg ER (m.d.) 38 Bup 1.16 HBup 1.02 te Patent 3 (US7,645,802B2) [51]
300 mg ER (m.d.) 16 Bup 1.42 HBup 1.04 te Schmid 2012 [52]
300 mg ER (m.d.) - Bup 1.35 HBup - ta Woodcock 2012 [53]
450 mg ER (s.d.) 10 Bup 1.97 HBup - te Paiement 2012 [54]

75 mg IR (s.d.) 7 EBup 1.81 TBup 1.40 te Hesse 2006 [28]
75 mg IR (s.d.) 32 EBup 1.55 TBup 2.39 te Connarn 2017 [18]
100 mg IR (s.d.) 30 EBup 2.29 TBup 2.19 ta Connarn 2017 [18]
100 mg IR (s.d.) 15 EBup 1.77 TBup 1.40 te Masters 2016 [29]
100 mg IR (s.d.) 8 EBup - TBup 1.21 te Posner 1985a [32]
100 mg IR (m.d.) 8 EBup 1.20 TBup 1.03 te Posner 1985b [32]
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Table S2.3: Mean relative deviation values of bupropion, hydroxybupropion, erythrohydrobupropion and
threohydrobupropion plasma concentration predictions. (continued)

Dosing n Compound MRD Compound MRD Dataset Reference

100 mg IR (m.d.) 8 EBup - TBup 1.19 te Posner 1985c [32]
100 mg IR (m.d.) 30 EBup 1.13 TBup 1.03 ta Patent 1a (US2006/0228415A1) [33]
100 mg SR (s.d.) 30 EBup 3.00 TBup 1.41 te Connarn 2017 [18]
150 mg SR (m.d.) 42 EBup 1.13 TBup 1.04 te Benowitz 2013 [37]
150 mg SR (s.d.) 32 EBup 1.87 TBup 1.39 ta Connarn 2017 [18]
150 mg SR (m.d.) 49 EBup 1.05 TBup 1.01 ta Patent 1b (US2006/0228415A1) [33]
150 mg ER (s.d.) 30 EBup 1.78 TBup 1.83 ta Connarn 2017 [18]
300 mg ER (s.d.) 30 EBup 1.57 TBup 1.49 te Connarn 2017 [18]
300 mg ER (m.d.) 30 EBup 1.04 TBup 1.02 te Patent 1a (US2006/0228415A1) [33]
300 mg ER (m.d.) 49 EBup 1.10 TBup 1.05 ta Patent 1b (US2006/0228415A1) [33]
300 mg ER (m.d.) 38 EBup 1.04 TBup 1.04 te Patent 3 (US7,645,802B2) [51]

Mean 1.51 (1.01–6.21)
Median 1.24 (1.01–6.21)

83.06% (103/124) ≤ 2

Bup, bupropion; Cap, capsule (Geneva cocktail capsule [74]); EBup, erythrohydrobupropion; ER, extended release tablet formu-
lation, HBup, hydroxybupropion; IR, immediate release tablet formulation; m.d., multiple dose; MRD, mean relative deviation; n,
number of individuals studied; s.d., single dose; SR, sustained release formulation; TBup, threohydrobupropion; ta, training dataset;
te, test dataset; -, not available.
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2.5.3 AUC and Cmax goodness-of-fit plots

Following, goodness-of-fit plots of predicted compared to observed AUC and Cmax values for every study
are illustrated in Figures S2.5.17 and S2.5.18. Line of identity and 2.0-fold acceptance limits are shown
as black dashed lines. The 1.25-fold limits are shown as black dotted lines.
Details on dosing regimens, study populations and literature references are listed in Table S2.1. Predicted
and observed PK parameters are summarized in Table S2.4.

(a) Immediate release (b) Sustained release (c) Extended release

Figure S2.5.17: Predicted compared to observed plasma AUClast values. Illustrated are values after
application of (a) immediate release, (b) sustained release, and (c) extended release
tablets. The solid line marks the line of identity. Dotted lines indicate 1.25-fold, dashed
lines indicate 2-fold deviation. AUC, area under the plasma concentration-time curve.

(a) Immediate release (b) Sustained release (c) Extended release

Figure S2.5.18: Predicted compared to observed plasma Cmax values. Illustrated are values after
application of (a) immediate release, (b) sustained release, and (c) extended release
tablets. The solid line marks the line of identity. Dotted lines indicate 1.25-fold, dashed
lines indicate 2-fold deviation. Cmax, maximum plasma concentration.
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2.5.4 Geometric mean fold error of predicted AUC and Cmax values

Table S2.4: Predicted and observed AUClast and Cmax values of bupropion, hydroxybupropion, erythrohydrobupropion and threohydrobupropion
plasma concentrations.

Dosing n Compound AUClast pred
[ng*h/ml]

AUClast obs
[ng*h/ml]

AUClast
pred/obs

Cmax pred
[ng/ml]

Cmax obs
[ng/ml]

Cmax
pred/obs

Dataset Reference

20 mg Cap (s.d.) 30 Bup 98.29 102.71 0.96 23.68 29.54 0.80 ta Bosilkovska 2016 [24]
25 mg Cap (s.d.) 10 Bup 81.20 70.34 1.15 25.35 25.74 0.98 te Bosilkovska 2014 [25]
50 mg IR (s.d.) 12 Bup 232.54 346.19 0.67 53.64 73.78 0.73 te Findlay 1981 (female) [26]
50 mg IR (s.d.) 12 Bup 217.60 301.43 0.72 50.12 59.67 0.84 ta Findlay 1981 (male) [26]
75 mg IR (s.d.) 20 Bup 401.99 481.30 0.84 70.29 114.17 0.62 te Zahner 2014 [27]
75 mg IR (s.d.) 7 Bup 302.02 440.60 0.69 70.10 93.50 0.75 te Hesse 2006 [28]
75 mg IR (s.d.) 30 Bup 354.49 361.90 0.98 78.04 80.17 0.97 te Connarn 2017 [18]
100 mg IR (s.d.) 32 Bup 495.78 471.50 1.05 105.74 113.02 0.94 ta Connarn 2017 [18]
100 mg IR (s.d.) 12 Bup 526.62 694.87 0.76 111.74 145.59 0.77 ta Findlay 1981 (female) [26]
100 mg IR (s.d.) 12 Bup 489.31 562.72 0.87 104.48 123.13 0.85 te Findlay 1981 (male) [26]
100 mg IR (s.d.) 15 Bup 491.78 250.82 1.96 101.26 55.38 1.83 te Masters 2016 [29]
100 mg IR (s.d.) 24 Bup 512.69 648.61 0.79 96.95 143.0 0.68 te Yamazaki 2017 [30]
100 mg IR (s.d.) 8 Bup 514.20 813.57 0.63 104.69 111.0 0.94 te Posner 1984 [31]
100 mg IR (s.d.) 8 Bup 390.50 286.01 1.37 92.88 61.22 1.51 te Posner 1985a [32]
100 mg IR (m.d.) 8 Bup 1681.00 549.73 3.06 131.59 69.30 1.90 te Posner 1985b [32]
100 mg IR (s.d.) 8 Bup 404.32 248.92 1.62 94.40 52.89 1.78 te Posner 1985c [32]
100 mg IR (m.d.) 30 Bup 1765.08 1765.08 1.08 145.51 136.69 1.06 ta Patent 1a (US2006/0228415A1) [33]
150 mg IR (s.d.) 10 Bup 798.66 1182.40 0.68 144.23 235.94 0.61 ta Kharasch 2008 [34]
150 mg IR (s.d.) 13 Bup 888.32 1386.28 0.64 168.77 307.63 0.55 te Kharasch 2008b [35]
200 mg IR (s.d.) 12 Bup 1165.09 1225.94 0.95 230.57 252.23 0.91 ta Findlay 1981 (female) [26]
200 mg IR (s.d.) 12 Bup 1165.09 1080.86 1.00 215.78 204.63 1.05 te Findlay 1981 (male) [26]
100 mg SR (s.d.) 30 Bup 437.68 501.70 0.87 55.89 49.59 1.13 te Connarn 2017 [18]
100 mg SR (s.d.) 12 Bup 492.31 572.17 0.86 52.32 48.77 1.07 te Hogeland 2007 [36]
150 mg SR (m.d.) 42 Bup 910.01 689.79 1.32 95.34 51.32 1.86 te Benowitz 2013 [37]
150 mg SR (s.d.) 22 Bup 822.18 909.01 0.90 88.34 55.37 1.60 ta Chung 2011 [38]
150 mg SR (s.d.) 32 Bup 705.10 639.64 1.10 82.75 116.92 0.71 ta Connarn 2017 [18]
150 mg SR (s.d.) 24 Bup 657.81 693.30 0.95 95.34 51.32 1.86 te Dennison 2018 [39]
150 mg SR (s.d.) 17 Bup 1221.28 763.62 1.60 104.29 97.73 1.07 te Fan 2009 [11]
150 mg SR (s.d.) 30 Bup 743.43 734.89 1.01 82.66 79.34 1.04 te Farid 2008 [40]
150 mg SR (s.d.) 19 Bup 1048.12 941.59 1.11 126.61 118.63 1.07 ta Gao 2012 [12]
150 mg SR (s.d.) 34 Bup 873.80 1141.13 0.77 114.07 151.68 0.75 te Hsyu 1997 [41]
150 mg SR (s.d.) 14 Bup 1092.76 1319.17 0.83 90.21 140.82 0.64 te Lei 2009 [42]
150 mg SR (s.d.) 18 Bup 1075.17 1358.91 0.79 178.25 189.50 0.94 te Lei 2010 [43]
150 mg SR (s.d.) 18 Bup 932.99 832.02 1.12 98.22 74.04 1.33 ta Loboz 2006 [44]
150 mg SR (s.d.) 12 Bup 916.46 793.90 1.15 96.64 76.52 1.26 ta Palovaara 2003 [10]
150 mg SR (m.d.) 49 Bup 1861.39 1599.96 1.16 126.61 174.87 0.72 ta Patent 1b (US2006/0228415A1) [33]
150 mg SR (m.d.) 7 Bup 827.72 920.60 0.90 92.50 44.25 2.09 te Patent 2 (US8545880B2) [45]
150 mg SR (s.d.) 16 Bup 1097.92 1700.06 0.65 83.87 67.24 1.25 te Qin 2012 [14]
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Table S2.4: Predicted and observed AUClast and Cmax values of bupropion, hydroxybupropion, erythrohydrobupropion and threohydrobupropion
plasma concentrations. (continued)

Dosing n Compound AUClast pred
[ng*h/ml]

AUClast obs
[ng*h/ml]

AUClast
pred/obs

Cmax pred
[ng/ml]

Cmax obs
[ng/ml]

Cmax
pred/obs

Dataset Reference

150 mg SR (s.d.) 13 Bup 651.49 659.39 0.99 77.90 113.75 0.68 te Robertson 2008 [46]
150 mg SR (s.d.) 12 Bup 795.88 335.35 2.37 84.26 67.63 1.25 te Turpeinen 2005 [47]
150 mg SR (s.d.) 17 Bup 788.51 746.66 1.06 95.34 53.56 1.78 te Turpeinen 2007a [48]
150 mg SR (s.d.) 10 Bup 734.31 1082.42 0.68 73.91 78.49 0.94 te Turpeinen 2007b [48]
150 mg SR (s.d.) 16 Bup 920.83 817.53 1.13 120.32 179.49 0.67 te Turpeinen 2013 [49]
300 mg SR (s.d.) 24 Bup 1767.98 1803.47 0.98 52.32 48.77 1.07 te Kustra 1999 [50]
150 mg ER (s.d.) 30 Bup 701.46 434.50 1.61 67.23 46.49 1.45 ta Connarn 2017 [18]
300 mg ER (s.d.) 30 Bup 1552.49 860.70 1.80 150.08 106.61 1.41 te Connarn 2017 [18]
300 mg ER (m.d.) 30 Bup 2031.86 1571.33 1.29 168.64 156.81 1.08 te Patent 1a (US2006/0228415A1) [33]
300 mg ER (m.d.) 49 Bup 2051.28 1436.28 1.43 169.62 136.45 1.24 ta Patent 1b (US2006/0228415A1) [33]
300 mg ER (m.d.) 38 Bup 2078.06 1565.12 1.33 169.15 138.19 1.22 te Patent 3 (US7,645,802B2) [45]
300 mg ER (m.d.) 16 Bup 2355.85 1029.53 2.29 188.63 79.02 2.39 te Schmid 2012 [52]
300 mg ER (m.d.) - Bup 1413.04 1036.09 1.36 140.19 97.94 1.43 ta Woodcock 2012 [53]
450 mg ER (s.d.) 20 Bup 2870.69 2674.37 1.07 221.19 224.68 0.98 ta Paiement 2012 [54]

20 mg Cap (s.d.) 30 HBup 801.40 607.74 1.32 195.62 201.48 0.97 ta Bosilkovska 2016 [24]
25 mg Cap (s.d.) 10 HBup 427.83 257.69 1.66 256.21 244.02 1.05 te Bosilkovska 2014 [25]
75 mg IR (s.d.) 7 HBup 2953.13 2239.20 1.32 1079.21 1055.87 1.02 te Hesse 2006 [28]
75 mg IR (s.d.) 30 HBup 3269.46 3591.89 0.91 221.85 314.78 0.70 te Connarn 2017 [18]
100 mg IR (s.d.) 32 HBup 4332.10 4370.16 0.99 383.99 379.17 1.01 ta Connarn 2017 [18]
100 mg IR (s.d.) 15 HBup 6471.74 8796.79 0.74 237.18 250.64 0.95 te Masters 2016 [29]
100 mg IR (s.d.) 24 HBup 5853.48 9995.87 0.59 64.28 38.33 1.68 te Yamazaki 2017 [30]
100 mg IR (s.d.) 8 HBup 5498.67 5803.33 0.95 249.20 318.00 0.78 te Posner 1985a [32]
100 mg IR (m.d.) 8 HBup 26056.97 22722.51 1.15 377.70 317.49 1.19 te Posner 1985b [32]
100 mg IR (s.d.) 8 HBup 5890.56 5597.22 1.05 47.21 34.64 1.36 te Posner 1985c [32]
100 mg IR (m.d.) 30 HBup 22454.16 22075.43 1.02 173.88 126.04 1.38 ta Patent 1a (US2006/0228415A1) [33]
150 mg IR (s.d.) 10 HBup 9160.32 9618.74 0.95 227.45 250.39 0.91 ta Kharasch 2008 [34]
150 mg IR (s.d.) 13 HBup 10351.70 13530.75 0.77 997.47 979.94 1.02 te Kharasch 2008b [? ]
100 mg SR (s.d.) 30 HBup 4045.70 3549.10 1.14 228.03 194.98 1.17 te Connarn 2017 [18]
100 mg SR (s.d.) 12 HBup 6811.49 7084.82 0.96 216.14 182.94 1.18 te Hogeland 2007 [36]
150 mg SR (m.d.) 42 HBup 10957.92 9547.77 1.15 573.84 436.84 1.31 te Benowitz 2013 [37]
150 mg SR (s.d.) 22 HBup 8738.64 8936.26 0.98 366.16 363.64 1.01 ta Chung 2011 [38]
150 mg SR (s.d.) 32 HBup 6041.12 4633.27 1.30 573.84 436.84 1.31 ta Connarn 2017 [18]
150 mg SR (s.d.) 17 HBup 9661.12 3268.52 2.96 366.16 363.64 1.01 te Fan 2009 [11]
150 mg SR (s.d.) 30 HBup 10502.50 12055.85 0.87 293.00 102.05 2.87 te Farid 2008 [40]
150 mg SR (s.d.) 19 HBup 11539.68 11762.50 0.98 327.37 331.16 0.99 te Gao 2012 [12]
150 mg SR (s.d.) 34 HBup 10166.26 13447.39 0.76 216.14 182.94 1.18 te Hsyu [? ]
150 mg SR (s.d.) 14 HBup 11893.87 7482.04 1.59 624.98 602.58 1.04 te Lei 2009 [42]
150 mg SR (s.d.) 18 HBup 11704.75 7112.73 1.65 353.25 379.78 0.93 te Lei 2010 [43]
150 mg SR (s.d.) 18 HBup 10854.40 12976.72 0.84 293.00 267.66 1.09 ta Loboz 2006 [44]
150 mg SR (s.d.) 12 HBup 10727.87 13747.54 0.78 353.29 420.35 0.84 ta Palovaara 2003 [10]
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Table S2.4: Predicted and observed AUClast and Cmax values of bupropion, hydroxybupropion, erythrohydrobupropion and threohydrobupropion
plasma concentrations. (continued)

Dosing n Compound AUClast pred
[ng*h/ml]

AUClast obs
[ng*h/ml]

AUClast
pred/obs

Cmax pred
[ng/ml]

Cmax obs
[ng/ml]

Cmax
pred/obs

Dataset Reference

150 mg SR (m.d.) 49 HBup 22365.49 23315.14 0.96 343.79 300.46 1.14 ta Patent 1b (US2006/0228415A1) [33]
150 mg SR (s.d.) 16 HBup 8372.74 8540.70 0.98 315.19 376.14 0.84 te Qin 2012 [14]
150 mg SR (s.d.) 13 HBup 7644.43 12305.92 0.62 322.75 348.93 0.92 te Robertson 2008 [46]
150 mg SR (s.d.) 12 HBup 10397.75 11506.36 0.90 409.26 380.38 1.08 te Turpeinen 2005 [47]
150 mg SR (s.d.) 17 HBup 9557.71 13862.09 0.69 573.84 435.00 1.32 te Turpeinen 2007 [48]
150 mg SR (s.d.) 10 HBup 10597.39 12076.82 0.88 285.43 415.53 0.69 te Turpeinen 2007 [48]
150 mg SR (s.d.) 16 HBup 12401.84 13350.60 0.93 364.92 223.79 1.63 te Turpeinen 2013 [49]
300 mg SR (s.d.) 24 HBup 19212.14 21964.35 0.87 339.72 386.80 0.88 te Kustra 1999 [50]
150 mg ER (s.d.) 30 HBup 5583.86 4088.58 1.37 318.33 217.43 1.46 ta Connarn 2017 [18]
300 mg ER (s.d.) 30 HBup 11061.39 7266.99 1.52 635.02 392.91 1.62 te Connarn 2017 [18]
300 mg ER (m.d.) 30 HBup 21885.82 20133.46 1.09 1123.03 1030.00 1.09 te Patent 1a (US2006/0228415A1) [33]
300 mg ER (m.d.) 49 HBup 22072.35 20458.99 1.08 1130.27 1061.85 1.06 ta Patent 1b (US2006/0228415A1) [33]
300 mg ER (m.d.) 38 HBup 22654.20 26187.27 0.87 1126.80 1280.80 0.88 te Patent 3 (US7,645,802B2) [45]
300 mg ER (m.d.) 16 HBup 25727.64 15469.07 1.66 1196.56 668.29 1.79 te Schmid 2012 [52]

75 mg IR (s.d.) 7 EBup 186.61 111.51 1.67 14.50 20.45 0.71 te Hesse 2006 [28]
75 mg IR (s.d.) 30 EBup 204.83 228.25 0.90 12.19 11.26 1.08 te Connarn 2017 [18]
100 mg IR (s.d.) 32 EBup 275.48 180.72 1.52 15.90 9.24 1.72 ta Connarn 2017 [18]
100 mg IR (s.d.) 15 EBup 514.26 1205.83 0.43 88.37 108.50 0.81 te Masters 2016 [29]
100 mg IR (m.d.) 30 EBup 1877.36 2312.75 0.81 83.97 110.63 0.76 ta Patent 1a (US2006/0228415A1) [33]
100 mg IR (s.d.) 8 EBup 2586.00 3430.72 0.75 11.27 6.43 1.75 te Posner 1985b [32]
100 mg SR (s.d.) 30 EBup 256.95 234.68 1.09 13.61 13.42 1.01 te Connarn 2017 [18]
150 mg SR (m.d.) 42 EBup 936.91 733.66 1.28 45.94 36.84 1.25 te Benowitz 2013 [37]
150 mg SR (s.d.) 32 EBup 394.99 292.35 1.35 20.47 15.15 1.35 ta Connarn 2017 [18]
150 mg SR (m.d.) 49 EBup 1925.27 2084.16 0.92 89.99 98.09 0.92 ta Patent 1b (US2006/0228415A1) [33]
150 mg ER (s.d.) 30 EBup 369.29 231.71 1.59 20.01 12.54 1.60 ta Connarn 2017 [18]
300 mg ER (s.d.) 30 EBup 737.65 456.12 1.62 40.29 22.44 1.79 te Connarn 2017 [18]
300 mg ER (m.d.) 30 EBup 2041.89 2144.43 0.95 95.75 103.90 0.92 te Patent 1a (US2006/0228415A1) [33]
300 mg ER (m.d.) 49 EBup 1992.83 1807.20 1.10 96.76 89.23 1.08 ta Patent 1b (US2006/0228415A1) [33]
300 mg ER (m.d.) 38 EBup 2050.67 2143.29 0.96 96.28 103.42 0.93 ta Patent 3 (US2006/0228415A1) [45]

75 mg IR (s.d.) 7 TBup 777.19 644.82 1.21 42.87 47.04 0.91 te Hesse 2006 [28]
75 mg IR (s.d.) 30 TBup 855.38 723.62 1.18 46.53 45.94 1.01 te Connarn 2017 [18]
100 mg IR (s.d.) 32 TBup 1147.99 1072.29 1.07 60.66 70.73 0.86 ta Connarn 2017 [18]
100 mg IR (s.d.) 15 TBup 2339.96 1220.23 1.92 54.62 46.64 1.17 te Masters 2016 [29]
100 mg IR (s.d.) 8 TBup 1742.91 1681.44 1.04 55.59 69.63 0.80 te Posner 1985a [32]
100 mg IR (m.d.) 8 TBup 14825.56 13696.52 1.08 438.38 458.40 0.96 te Posner 1985b [32]
100 mg IR (s.d.) 8 TBup 2074.02 1548.84 1.34 64.15 59.95 1.07 te Posner 1985 [32]
100 mg IR (m.d.) 30 TBup 9898.68 11793.82 0.84 454.37 579.14 0.78 te Patent 1a (US2006/0228415A1) [33]
100 mg SR (s.d.) 30 TBup 1072.66 1097.26 0.98 54.17 70.09 0.77 te Connarn 2017 [18]
150 mg SR (m.d.) 42 TBup 4781.47 4372.26 1.09 224.52 201.32 1.12 te Benowitz 2013 [37]
150 mg SR (s.d.) 32 TBup 1623.87 1518.32 1.07 81.37 82.05 0.99 ta Connarn 2017 [18]
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Table S2.4: Predicted and observed AUClast and Cmax values of bupropion, hydroxybupropion, erythrohydrobupropion and threohydrobupropion
plasma concentrations. (continued)

Dosing n Compound AUClast pred
[ng*h/ml]

AUClast obs
[ng*h/ml]

AUClast
pred/obs

Cmax pred
[ng/ml]

Cmax obs
[ng/ml]

Cmax
pred/obs

Dataset Reference

150 mg SR (m.d.) 49 TBup 10243.07 10905.15 0.94 466.39 539.88 0.86 ta Patent 1b (US2006/0228415A1) [33]
150 mg ER (s.d.) 30 TBup 1507.34 1169.41 1.29 80.79 63.89 1.26 ta Connarn 2017 [18]
300 mg ER (s.d.) 30 TBup 3000.24 2113.31 1.42 161.42 121.15 1.33 te Connarn 2017 [18]
300 mg ER (m.d.) 30 TBup 10332.95 10585.97 0.98 488.69 560.01 0.87 te Patent 1a (US2006/0228415A1) [33]
300 mg ER (m.d.) 49 TBup 10525.00 9316.26 1.13 495.81 486.37 1.02 ta Patent 1b (US2006/0228415A1) [33]
300 mg ER (m.d.) 38 TBup 10784.29 10055.56 1.07 492.44 518.18 0.95 te Patent 3 (US2006/0228415A1) [45]

GMFE (range) 1.31 (1.00–3.06) 1.29 (1.00–2.87)
pred/obs within twofold (range) 95.97%; 119/124 (0.43–3.06) 97.58%; 121/124 (0.55–2.87)

AUClast, area under the concentration-time curve calculated from the first time point to the last time point; Bup, bupropion; Cap, capsule (Geneva cocktail [74]); Cmax, maximum concentration;
EBup, erythrohydrobupropion; ER, extended release tablet formulation; GMFE,geometric mean fold error; HBup, hydroxybupropion; IR, immediate release tablet formulation; m.d., multiple dose;
n, number of individuals studied; obs, observed; pred predicted; s.d., single dose; SR, sustained release formulation; TBup, threohydrobupropion; ta, training dataset; te, test dataset; -, not
available.
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2.5.5 Local sensitivity analysis

Figures S2.5.19-S2.5.22 show the results of the local sensitivity analyses on the AUC of the compounds
bupropion, hydroxybupropion, erythrohydrobupropion and threohydrobupopion. Sensitivity of the model
to single parameter changes was determined as change of the simulated AUC extrapolated to infinity
from the time of bupropion application after the last application of a 14 day multiple dose regimen of 100
mg IR (three times daily), 150 mg SR (twice daily) or 300 mg ER (once daily). A sensitivity value of
-0.5 indicates a 5% decrease of the simulated AUC if the examined parameter is incraeased by 10%.
Meaningful differences between formulations were only visible for the bupropion AUC. For all modeled
compounds, fraction unbound in plasma (nonoptimized value) had the strongest impact. Lipophilicity of
bupropion (optimized value) was more impactful for extended release administrations than for immediate
release and sustained release formulations. In general, metabolite AUC is less sensitive to changes in
bupropion lipophilicity than to metabolic pathways. Among the alteration of kinetics of the implemented
metabolic pathways, CYP2B6 as well as 11β -HSD kinetics show a more profound influence on bupropion
AUC than CYP2C19 kinetics, which reflects the key role of CYP2B6 in bupropion metabolism as described
in literature [21]. Binding parameters KD and koff show no impact AUC of bupropion and metabolites after
multiple dose application.

Figure S2.5.19: Bupropion PBPK model sensitivity analyses - bupropion. *, fitted for IR and SR; 11β -
HSD, 11β -hydroxysteroid dehydrogenase 1; BP, binding partner; Bup, bupropion; CYP,
cytochrome P450; DS, dissolution shape; DT, dissolution time; EBup, erythrohydrobupro-
pion; ER, extended release; fit., fitted in parameter optimization; GFR, glomerular filtra-
tion rate; IR, immediate release; KD, dissociation constant for binding; kcat, catalytic rate
constant; KM, Michaelis-Menten constant; koff, dissociation rate constant for binding; lit.,
literature; log P, lipophilicity; pKa, acidic dissociation constant; Spec. intest. perm.,
specific intestinal permeability; textbfSR, sustained release; TBup, threohydrobupropion.
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Figure S2.5.20: Bupropion PBPK model sensitivity analyses - hydroxybupropion. *, fitted for IR and
SR; 11β -HSD, 11β -hydroxysteroid dehydrogenase 1; BP, binding partner; Bup, bupro-
pion; CYP, cytochrome P450; DS, dissolution shape; DT, dissolution time; EBup, ery-
throhydrobupropion; ER, extended release; fit., fitted in parameter optimization; GFR,
glomerular filtration rate; HBup, hydroxybupropion; IR, immediate release; KD, dissoci-
ation constant for binding; kcat, catalytic rate constant; KM, Michaelis-Menten constant;
koff, dissociation rate constant for binding; lit., literature; log P, lipophilicity; pKa, acidic
dissociation constant; Spec. intest. perm., specific intestinal permeability; textbfSR,
sustained release; TBup, threohydrobupropion.
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Figure S2.5.21: Bupropion PBPK model sensitivity analyses - erythrohydrobupropion. *, fitted for
IR and SR; 11β -HSD, 11β -hydroxysteroid dehydrogenase 1; BP, binding partner; Bup,
bupropion; CYP, cytochrome P450; DS, dissolution shape; DT, dissolution time; EBup,
erythrohydrobupropion; ER, extended release; fit., fitted in parameter optimization; GFR,
glomerular filtration rate; IR, immediate release; KD, dissociation constant for binding;
kcat, catalytic rate constant; KM, Michaelis-Menten constant; koff, dissociation rate con-
stant for binding; lit., literature; log P, lipophilicity; pKa, acidic dissociation; Spec. in-
test. perm., specific intestinal permeability; textbfSR, sustained release; TBup, threohy-
drobupropion.
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Figure S2.5.22: Bupropion PBPK model sensitivity analyses - threohydrobupropion. *, fitted for IR
and SR; 11β -HSD, 11β -hydroxysteroid dehydrogenase 1; BP, binding partner; Bup,
bupropion; CYP, cytochrome P450; DS, dissolution shape; DT, dissolution time; EBup,
erythrobupropion; ER, extended release; fit., fitted in parameter optimization; GFR,
glomerular filtration rate; IR, immediate release; KD, dissociation constant for binding;
kcat, catalytic rate constant; KM, Michaelis-Menten constant; koff, dissociation rate con-
stant for binding; lit., literature; log P, lipophilicity; pKa, acidic dissociation; Spec. in-
test. perm., specific intestinal permeability; textbfSR, sustained release; TBup, threohy-
drobupropion.
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3 DGI prediction

3.1 Background

CYP2B6 expression can be influenced by polymorphisms, especially single nucleotide polymorphisms
[21]. Several genetic variants for the gene encoding for CYP2B6 have been reported [75]. According to
dose recommendations published by the clinical pharmacogenetics implementation consortium (CPIC),
these can lead to different phenotypes, i.e. poor metabolizers (PM), intermediate metabolizers (IM), nor-
mal metabolizers (NM) and rapid metabolizers (RM) [75]. For bupropion, dose recommendation based
on CYP2B6 genotype are not established yet. Genetic polymorphisms that were included in the model
were: CYP2B6*1, CYP2B6*4, CYP2B6*5 and CYP2B6*6. Various combinations as homo- or heterozy-
gous expressions of these polymorphisms were simulated. Polymorphisms were chosen based on their
frequency and functionality in order to describe various investigated phenotypes (CYP2B6*1: 49.07%,
CYP2B6*4: 4.09%, CYP2B6*5: 11.55% and CYP2B6*6: 23.30% in European populations).
For the description of different allele combinations, the enzyme was integrated twice. For the variants
CYP2B6*4 and CYP2B6*5, necessary parameters (KM and kcat) were obtained from literature. Further-
more, KM values for the CYP2B6*1 and CYP2B6*6 genotypes were also derived from the literature,
whereas the kcat value for CYP2B6*1 was optimized with data on mostly wildtype subjects and the kcat

value for CYP2B6*6 by fitting plasma concentration-time profiles to a study including only CYP2B6*6|*6
subjects. Tabls S3.1 lists the clinical studies and Table S3.2 the model parameter used for DGI prediction.
DGI AUCHBup/Bup and Cmax HBup/Bup ratios calculated from predictions were compared to observed values
described in the literature.
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3.2 Clinical studies

Clinical studies listed in Table S3.1 include data of patients with CYP2B6 variants. Virtual individuals were built according to the demographics
published in the respective study reports. If no data on demographics was reported, a standard individual were used as described in Section 1.4.

Table S3.1: Clinical studies used for DGI model development.
Dosing n Age [years] Weight [kg] BMI [kg/m²] Females [%] CYP2B6 genotype (n) Dataset Reference

150 mg IR (s.d.) 21 28 (±7) 72 (±14) - 57 *1|*1 te Kharasch 2019 [21]
150 mg IR (s.d.) 4 29 (±7) 68 (±14) - 50 *1|*4 and *4|*6 te Kharasch 2019 [21]
150 mg IR (s.d.) 20 28 (±8) 78 (±12) - 30 *1|*6 te Kharasch 2019 [21]
150 mg IR (s.d.) 2 28 (±1) 84 (±0) - 0 *5|*5 te Kharasch 2019 [21]
150 mg IR (s.d.) 17 32 (±9) 71 (±13) - 59 *6|*6 ta Kharasch 2019 [21]

150 mg SR (s.d.) 22 22.7 65 - 27.3 *1|*1 (19), *1|*4 (3) ta Chung 2011 [38]
150 mg SR (s.d.) 13 22.7 65 - 27.3 *1|*6 (11), *6|*6 (2) te Chung 2011 [38]

150 mg SR (s.d.) 19 - - - - *1|*1 te aGao 2016 [13]
150 mg SR (s.d.) 11 - - - - *1|*6 te aGao 2016 [13]
150 mg SR (s.d.) 6 - - - - *6|*6 te aGao 2016 [13]
150 mg SR (s.d.) 6 22 (19–34) 72 (53–99) 23.1 (18.4–26.9) 0 *1|*1 te Loboz 2006 [44]
150 mg SR (s.d.) 1 22 (20–32) 64 (53–76) 21.4 (18.4–24.4) 0 *1|*4 te Loboz 2006 [44]
150 mg SR (s.d.) 1 22 (19–34) 80 (60–99) 24.8 (19.7–26.9) 0 *1|*5 te Loboz 2006 [44]
150 mg SR (s.d.) 6 22 (19–34) 72 (53–99) 23.1 (18.4–26.9) 0 *1|*6 te Loboz 2006 [44]
150 mg SR (s.d.) 1 22 (19–34) 80 (60–99) 24.8 (19.7–26.9) 0 *5|*5 te Loboz 2006 [44]
150 mg SR (s.d.) 1 22 (20–32) 64 (53–76) 21.4 (18.4–24.4) 0 *4|*6 te Loboz 2006 [44]
150 mg SR (s.d.) 1 22 (20–32) 64 (53–76) 21.4 (18.4–24.4) 0 *6|*6 te Loboz 2006 [44]

BMI, body mass index; CYP, cytochrome P450; IR, immediate release formulation; n, number of individuals studied; s.d., single dose; SR, sustained release formulation; ta, training dataset; te,
test dataset; -, no data available. Values are given as mean ± standard deviation (SD), the range of values is given in brackets.
a, reported as SR but simulated as IR due to early Cmax vales observed.
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3.3 Drug-dependent model parameters

For implementation of the DGIs, model parameters were used as for the general model listed previously
in Table S2.2. Table S3.2 lists the parameters that were adapted for different genotype scenarios. Details
on DGI implementation can be found in Section 1.5.1.

Table S3.2: Model parameter adapted for DGI implementation.
Parameter Unit Value Source Reference Description

CYP2B6 KM *1 µmol/l 25.80 lit. [66] Michaelis-Menten constant for the *1 allele
CYP2B6 kcat *1 1/min 10.87 opt. [66] Catalytic rate constant for the *1 allele
CYP2B6 KM *6 µmol/l 61.62 lit. [66] Michaelis-Menten constant for the *6 allele
CYP2B6 kcat *6 1/min 9.52 opt. [66] Catalytic rate constant for the *6 allele
CYP2B6 KM *4 µmol/l 12.70 lit. [76] Michaelis-Menten constant for the *4 allele
CYP2B6 kcat *4 1/min 18.12 lit. [76] Catalytic rate constant for the *4 allele
CYP2B6 KM *5 µmol/l 15.59 lit. [76] Michaelis-Menten constant for the *5 allele
CYP2B6 kcat *5 1/min 11.28 lit. [76] Catalytic rate constant for the *5 allele

CYP, cytochrome P450; lit., literature; opt., optimized.
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3.4 Concentration-time profiles

The geometric means of the population predictions (n=500) are shown as solid lines and corresponding
observed data as filled dots. Symbols represent the arithmetic mean values ± standard deviation, if
available. The shaded areas indicate the geometric standard deviation. Details on dosing regimens,
study populations and literature references are listed in Table S3.1.

(a) (b) (c)

(d) (e) (f)

(g) (h)

Figure S3.4.1: Plasma concentration-time profiles of DGI predictions on a linear scale. Control, with-
out perpetrator; DDI, drug-drug-interaction with rifampicin; IM, intermediate metabolizers;
IR, immediate release tablet; NM, normal metabolizers; PM, poor metabolizers; RM, rapid
metabolizers; s.d., single dose; SR, sustained release.
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(a) (b) (c)

(d) (e) (f)

(g) (h)

Figure S3.4.2: Plasma concentration-time profiles of DGI predictions on a semi-logarithmic scale.
Control, without perpetrator; DDI, drug-drug-interaction with rifampicin; IM, intermediate
metabolizers; IR, immediate release tablet; NM, normal metabolizers; PM, poor metaboliz-
ers; RM, rapid metabolizers; s.d., single dose; SR, sustained release.
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3.5 Model evaluation

3.5.1 Predicted compared to observed concentrations goodness-of-fit plots

Following, goodness-of-fit plots of predicted compared to observed plasma concentrations are illustrated
in Figure S3.5.3. Details on dosing regimens, study populations and literature references are listed in
Table S3.1. Predicted and observed PK parameters are summarized in Table S3.4.

(a) Bupropion (b) Hydroxybupropion

Figure S3.5.3: DGI predicted compared to observed plasma concentrations of (a) bupropion and
(b) hydroxybupropion. The solid line marks the line of identity. Dotted lines indicate
1.25-fold, dashed lines indicate 2-fold deviation. Control, without perpetrator; DDI, drug-
drug-interaction with perpetrator; DGI, drug-gene-interaction.
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3.5.2 Mean relative deviation of plasma concentration predictions

Table S3.3: Mean relative deviation values of bupropion and hydroxybupropion DGI plasma concentration
predictions.

Dosing n Compound MRD Compound MRD Dataset Reference

150 mg IR (s.d.) 21 Bup 1.34 HBup 1.16 te Kharasch 2019 *1|*1 [21]
150 mg IR (s.d.) 4 Bup 1.63 HBup 1.29 te Kharasch 2019 *1|*4 & *4|*6 [21]
150 mg IR (s.d.) 20 Bup 1.86 HBup 1.48 te Kharasch 2019 *1|*6 [21]
150 mg IR (s.d.) 2 Bup 1.58 HBup 1.17 te Kharasch 2019 *5|*5 [21]
150 mg IR (s.d.) 17 Bup 1.91 HBup 1.16 ta Kharasch 2019 *6|*6 [21]
150 mg SR (s.d.) 13 Bup 1.14 HBup 1.10 ta Chung 2011 *1|*1 Control [38]
150 mg SR (s.d.) 13 Bup 1.47 HBup 1.42 ta Chung 2011 *1|*1 DDI [38]
150 mg SR (s.d.) 9 Bup 1.28 HBup 1.11 te Chung 2011 *1|*6 Control [38]
150 mg SR (s.d.) 9 Bup 1.37 HBup 1.39 te Chung 2011 *1|*6 DDI [38]
150 mg SR (s.d.) 19 Bup 1.33 HBup 1.17 te Gao 2016 *1|*1 [13]
150 mg SR (s.d.) 11 Bup 1.43 HBup 1.18 te Gao 2016 *1|*6 [13]
150 mg SR (s.d.) 6 Bup 1.28 HBup 1.15 te Gao 2016 *6|*6 [13]

Mean 1.33 (1.10–1.91)
Median 1.29 (1.10–1.91)

100% (24/24) ≤ 2

Bup, bupropion; Control, without perpetrator; DDI, drug-drug-interaction with perpetrator; HBup, hydroxybupropion; IR, immedi-
ate release formulation; m.d., multiple dose; MRD, mean relative deviation; n, number of individuals studied; s.d., single dose;
SR, sustained release formulation; ta, training dataset; te, test dataset.
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3.5.3 AUC and Cmax goodness-of-fit plots

Following, predicted compared to observed AUC and Cmax values are shown for individual bupropion and
hydroxybupropion profiles, their metabolite-parent AUC and Cmax ratio and their DGI effect metabolite-
parent AUC and Cmax ratio, respectively. Details on dosing regimens, study populations and literature
references are listed in Table S3.1. Predicted and observed PK parameters are summarized in Tables
S3.4, S3.5 and S3.6.

(a) AUC (b) AUCHBup/Bup (c) DGI AUCHBup/Bup

(d) Cmax (e) Cmax, HBup/Bup (f) DGI Cmax, HBup/Bup

Figure S3.5.4: Predicted compared to observed (a) AUC values, (b) AUCHBup/Bup ratios, (c) DGI
AUCHBup/Bup, (d) Cmax values, (e) Cmax, HBup/Bup ratios and (f) DGI Cmax, HBup/Bup ra-
tios. The solid line marks the line of identity. Dotted lines indicate 1.25-fold, dashed
lines indicate 2-fold deviation. The curved gray lines show the prediction success lim-
its suggested by Guest et al. allowing a 1.25-fold variability [77]. AUC, area under the
plasma concentration-time curve; Bup, bupropion; Cmax, maximum plasma concentration;
Control, without perpetrator; DDI, drug-drug-interaction with perpetrator; DGI, drug-gene-
interaction; HBup, hydroxybupropion.
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3.5.4 Geometric mean fold error of predicted AUC and Cmax values, AUCHBup/Bup and Cmax, HBup/Bup ratios, and DGI
AUCHBup/Bup and DGI Cmax, HBup/Bup ratios

Table S3.4: Predicted and observed AUClast and Cmax values of bupropion and hydroxybupropion DGI plasma concentrations.
Dosing n Compound AUClast pred

[ng*h/ml]
AUClast obs

[ng*h/ml]
AUClast

pred/obs
Cmax pred

[ng/ml]
Cmax obs

[ng/ml]
Cmax

pred/obs
Dataset Reference

150 mg IR (s.d.) 21 Bup 907.72 928.90 0.98 144.55 153.01 0.94 te Kharasch 2019 *1|*1 [21]
150 mg IR (s.d.) 4 Bup 683.07 429.31 1.59 141.71 68.99 2.05 te Kharasch 2019 *1|*4 & *4|*6 [21]
150 mg IR (s.d.) 20 Bup 1014.16 759.08 1.34 167.69 121.58 1.38 te Kharasch 2019 *1|*6 [21]
150 mg IR (s.d.) 2 Bup 640.82 1070.57 0.60 121.60 212.09 0.57 te Kharasch 2019 *5|*5 [21]
150 mg IR (s.d.) 17 Bup 1251.29 860.49 1.45 176.61 145.49 1.21 ta Kharasch 2019 *6|*6 [21]
150 mg SR (s.d.) 13 Bup 823.49 909.01 0.91 104.29 97.73 1.07 ta Chung 2011 *1|*1 Control [38]
150 mg SR (s.d.) 13 Bup 360.82 351.52 1.03 50.49 44.49 1.13 ta Chung 2011 *1|*1 DDI [38]
150 mg SR (s.d.) 9 Bup 958.22 1268.88 0.76 116.76 116.63 1.00 te Chung 2011 *1|*6 Control [38]
150 mg SR (s.d.) 9 Bup 373.58 309.15 1.21 63.99 44.66 1.43 te Chung 2011 *1|*6 DDI [38]
150 mg SR (s.d.) 19 Bup 790.62 613.15 1.29 200.62 144.96 1.38 te Gao 2016 *1|*1 [13]
150 mg SR (s.d.) 11 Bup 1016.99 820.34 1.24 219.70 181.33 1.21 te Gao 2016 *1|*6 [13]
150 mg SR (s.d.) 6 Bup 1402.08 1483.80 0.94 244.27 269.84 0.91 te Gao 2016 *6|*6 [13]

150 mg IR (s.d.) 28 HBup 10298.60 12764.00 0.81 378.25 336.77 1.12 te Kharasch 2019 *1|*1 [21]
150 mg IR (s.d.) 4 HBup 14169.45 14938.93 0.95 518.15 520.08 1.00 te Kharasch 2019 *1|*4 and *4|*6 [21]
150 mg IR (s.d.) 20 HBup 8093.83 9126.07 0.89 278.28 280.29 0.99 te Kharasch 2019 *1|*6 [21]
150 mg IR (s.d.) 2 HBup 11293.90 17774.72 0.64 402.75 458.17 0.88 te Kharasch 2019 *5|*5 [21]
150 mg IR (s.d.) 17 HBup 6250.18 8101.38 0.77 220.67 213.17 1.04 ta Kharasch 2019 *6|*6 [21]
150 mg SR (s.d.) 13 HBup 8744.70 8936.26 0.98 366.16 363.64 1.01 ta Chung 2011 *1|*1 Control [38]
150 mg SR (s.d.) 13 HBup 8750.56 9498.00 0.92 499.27 687.07 0.73 ta Chung 2011 *1|*1 DDI [38]
150 mg SR (s.d.) 9 HBup 7304.46 7976.41 0.92 300.13 314.03 0.96 te Chung 2011 *1|*6 Control [38]
150 mg SR (s.d.) 9 HBup 8726.17 7838.55 1.11 476.89 559.91 0.85 te Chung 2011 *1|*6 DDI [38]
150 mg SR (s.d.) 19 HBup 11675.08 10421.81 1.12 401.09 327.24 1.23 te Gao 2016 *1|*1 [13]
150 mg SR (s.d.) 11 HBup 9827.62 9404.32 1.05 326.93 340.08 0.96 te Gao 2016 *1|*6 [13]
150 mg SR (s.d.) 6 HBup 7045.71 7886.01 0.89 228.64 291.04 0.79 te Gao 2016 *6|*6 [13]

GMFE (range) 1.22 (1.02–1.59) 1.21 (1.00–2.05)
pred/obs within twofold (range) 100%; 24/24 (0.60–1.59) 95.83%; 23/24 (0.57–2.05)

AUC, area under the plasma concentration-time curve; Bup, bupropion; Cmax, maximum plasma concentration; Control, without perpetrator; DDI, drug-drug-interaction with perpetrator; GMFE,
geometric mean fold error; HBup, hydroxybupropion; IR, immediate release formulation; n, number of individuals studied; obs, observed; pred, predicted; s.d., single dose; SR, sustained
release formulation; ta, training dataset; te, test dataset.
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Table S3.5: Predicted and observed AUCHBup/Bup and Cmax, HBup/Bup ratios of bupropion and hydroxybupropion DGI plasma concentrations.
Dosing n AUCHBup/Bup

pred
AUCHBup/Bup

obs
AUCHBup/Bup

pred/obs
Cmax, HBup/Bup

pred
Cmax, HBup/Bup

obs
Cmax, HBup/Bup

pred/obs
Dataset Reference

150 mg IR (s.d.) 28 11.35 13.74 0.83 2.62 2.20 1.19 te Kharasch 2019 *1|*1 [21]
150 mg IR (s.d.) 4 20.74 34.80 0.60 3.66 7.54 0.49 te Kharasch 2019 *1|*4 and *4|*6 [21]
150 mg IR (s.d.) 20 7.98 12.02 0.66 1.66 2.31 0.72 te Kharasch 2019 *1|*6 [21]
150 mg IR (s.d.) 2 17.62 16.60 1.06 3.31 2.16 1.53 te Kharasch 2019 *5|*5 [21]
150 mg IR (s.d.) 17 4.99 9.41 0.53 1.25 1.47 0.85 ta Kharasch 2019 *6|*6 [21]
150 mg SR (s.d.) 13 10.62 9.83 1.08 3.51 3.72 0.94 ta Chung 2011 *1|*1 Control [38]
150 mg SR (s.d.) 13 24.25 27.02 0.90 9.89 15.44 0.64 ta Chung 2011 *1|*1 DDI [38]
150 mg SR (s.d.) 9 7.62 6.29 1.21 2.57 2.69 0.95 te Chung 2011 *1|*6 Control [38]
150 mg SR (s.d.) 9 23.36 25.36 0.92 7.45 12.54 0.59 te Chung 2011 *1|*6 DDI [38]
150 mg SR (s.d.) 19 14.77 17.00 0.87 2.00 2.26 0.89 te Gao 2016 *1|*1 [13]
150 mg SR (s.d.) 11 9.66 11.46 0.84 1.49 1.88 0.79 te Gao 2016 *1|*6 [13]
150 mg SR (s.d.) 6 5.03 5.31 0.95 0.94 1.08 0.87 te Gao 2016 *6|*6 [13]
150 mg SR (s.d.) 6 11.76 18.50 0.64 - - - te Loboz 2006 *1|*1 Control [44]
150 mg SR (s.d.) 6 21.78 30.90 0.70 - - - te Loboz 2006 *1|*1 DDI [44]
150 mg SR (s.d.) 1 22.75 25.40 0.90 - - - te Loboz 2006 *1|*4 Control [44]
150 mg SR (s.d.) 1 45.56 47.50 0.96 - - - te Loboz 2006 *1|*4 DDI [44]
150 mg SR (s.d.) 1 15.47 32.70 0.47 - - - te Loboz 2006 *1|*5 Control [44]
150 mg SR (s.d.) 1 32.36 45.90 0.71 - - - te Loboz 2006 *1|*5 DDI [44]
150 mg SR (s.d.) 6 8.38 14.50 0.58 - - - te Loboz 2006 *1|*6 Control [44]
150 mg SR (s.d.) 6 17.32 28.20 0.61 - - - te Loboz 2006 *1|*6 DDI [44]
150 mg SR (s.d.) 1 19.58 18.00 1.09 - - - te Loboz 2006 *4|*6 Control [44]
150 mg SR (s.d.) 1 38.87 38.30 1.01 - - - te Loboz 2006 *4|*6 DDI [44]
150 mg SR (s.d.) 1 18.87 21.70 0.87 - - - te Loboz 2006 *5|*5 Control [44]
150 mg SR (s.d.) 1 39.06 45.40 0.86 - - - te Loboz 2006 *5|*5 DDI [44]
150 mg SR (s.d.) 1 4.98 8.10 0.61 - - - te Loboz 2006 *6|*6 Control [44]
150 mg SR (s.d.) 1 9.69 13.60 0.71 - - - te Loboz 2006 *6|*6 DDI [44]

GMFE (range) 1.33 (1.01–2.14) 1.31 (1.04–2.06)
pred/obs within twofold (range) 96.15%; 25/26 (0.47–1.21) 91.67%; 11/12 (0.49–1.53)

AUC, area under the plasma concentration-time curve; Bup, bupropion; Cmax, maximum plasma concentration; Control, without perpetrator; DDI, drug-drug-interaction with perpetrator; GMFE,
geometric mean fold error; HBup, hydroxybupropion; IR, immediate release formulation; n, number of individuals studied; obs, observed; pred, predicted; s.d., single dose; SR, sustained
release formulation; ta, training dataset; te, test dataset; -, no data available.

P
age

55



Table S3.6: Predicted and observed DGI AUCHBup/Bup and DGI Cmax, HBup/Bup ratios of bupropion and hydroxybupropion DGI plasma concentrations.
Dosing n DGI

AUCHBup/Bup
pred

DGI
AUCHBup/Bup

obs

DGI
AUCHBup/Bup

pred/obs

DGI
Cmax, HBup/Bup

pred

DGI
Cmax, HBup/Bup

obs

DGI
Cmax, HBup/Bup

pred/obs

Dataset Reference

150 mg IR (s.d.) 4 1.83 2.53 0.72 1.40 3.43 0.41 te Kharasch 2019 *1|*4 and *4|*6 [21]
150 mg IR (s.d.) 20 0.70 0.87 0.80 0.63 1.05 0.60 te Kharasch 2019 *1|*6 [21]
150 mg IR (s.d.) 2 1.55 1.21 1.28 1.26 0.98 1.29 te Kharasch 2019 *5|*5 [21]
150 mg IR (s.d.) 17 0.44 0.68 0.64 0.48 0.67 0.71 ta Kharasch 2019 *6|*6 [21]
150 mg SR (s.d.) 9 0.72 0.64 1.13 0.73 0.64 1.12 te Chung 2011 *1|*6 Control [38]
150 mg SR (s.d.) 9 0.96 0.94 1.02 0.75 0.94 1.02 te Chung 2011 *1|*6 DDI [38]
150 mg SR (s.d.) 11 0.65 0.67 0.97 0.75 0.83 0.90 te Gao 2016 *1|*6 [13]
150 mg SR (s.d.) 6 0.34 0.31 1.09 0.47 0.48 0.98 te Gao 2016 *6|*6 [13]
150 mg SR (s.d.) 1 2.01 1.37 1.46 - - - te Loboz 2006 *1|*4 Control [44]
150 mg SR (s.d.) 1 2.09 1.54 1.36 - - - te Loboz 2006 *1|*4 DDI [44]
150 mg SR (s.d.) 1 1.29 1.77 0.73 - - - te Loboz 2006 *1|*5 Control [44]
150 mg SR (s.d.) 1 1.49 1.49 1.00 - - - te Loboz 2006 *1|*5 DDI [44]
150 mg SR (s.d.) 6 0.71 0.78 0.91 - - - te Loboz 2006 *1|*6 Control [44]
150 mg SR (s.d.) 6 0.80 0.91 0.87 - - - te Loboz 2006 *1|*6 DDI [44]
150 mg SR (s.d.) 1 1.72 0.97 1.77 - - - te Loboz 2006 *4|*6 Control [44]
150 mg SR (s.d.) 1 1.78 1.24 1.44 - - - te Loboz 2006 *4|*6 DDI [44]
150 mg SR (s.d.) 1 1.58 1.17 1.34 - - - te Loboz 2006 *5|*5 Control [44]
150 mg SR (s.d.) 1 1.79 1.47 1.22 - - - te Loboz 2006 *5|*5 DDI [44]
150 mg SR (s.d.) 1 0.42 0.44 0.97 - - - te Loboz 2006 *6|*6 Control [44]
150 mg SR (s.d.) 1 0.44 0.44 1.01 - - - te Loboz 2006 *6|*6 DDI [44]

GMFE (range) 1.25 (1.00–1.77) 1.35 (1.05–2.44)
pred/obs within twofold (range) 100%; 20/20 (0.64–1.77) 87.5%; 7/8 (0.41–1.29)

AUC, area under the plasma concentration-time curve; Bup, bupropion; Cmax, maximum plasma concentration; Control, without perpetrator; DDI, drug-drug-interaction with perpetrator; GMFE,
geometric mean fold error; HBup, hydroxybupropion; IR, immediate release formulation; n, number of individuals studied; obs, observed; pred, predicted; s.d., single dose; SR, sustained
release formulation; ta, training dataset; te, test dataset; -, no data available.
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4 DDI prediction

4.1 PBPK modeling of rifampicin

The antibiotic rifampicin exhibits a strong DDI potential. As an agonist of the pregnane X receptor, ri-
fampicin induces multiple metabolizing enzymes, i.e. CYPs (CYP2B6 or CYP2C19) and UGTs (UGT2B7)
[38]. The rifampicin PBPK model was developed and applied for several DDI predictions in previous pub-
lications [78–80]. For prediction of rifampicin-bupropion DDIs, interaction parameters were gathered from
literature for implementation of rifampicins’ influence on the following enzymes: CYP2B6, CYP2C19 and
UGT2B7. Drug-dependent parameters of the rifampicin model are listed in Table S4.1.

Table S4.1: Drug-dependent parameters of the rifampicin PBPK model.
Parameter Unit Value Source Reference Description

MW g/mol 822.94 lit. aDB01045 Molecular weight
pKa (acid) - 1.70 lit. [81] Acid dissociation constant
pKa (base) - 7.90 lit. [81] Acid dissociation constant
Solubility (pH) g/l 2.80 (7.5) lit. [82–85] Solubility
logP - b2.50 1.30, 2.70 [82, 86] Lipophilicity
fu % 17.0 lit. [87] Fraction unbound
B/P ratio - 0.89 c,d0.89 [88] Blood/plasma ratio
Specific intest. perm. cm/min b1.24E-05 d3.84E-07 PK-Sim® Normalized to surface area
Organ perm. cm/min 2.93E-05 d2.93E-05. PK-Sim® Normalized to surface are
GFR fraction - 1.00 asm. - Fraction of filtered drug in the urine
EHC cont. fraction - 1.00 asm. - Fraction of bile continually released
Cellular permeabilities cm/min PK-Sim std. - [1] Permeation across cell membranes
Partition coefficients - R&R - [89, 90] Organ-plasma partition coefficients
AADAC KM µmol/l 195.10 lit. [91] AADAC Michaelis-Menten constant
AADAC kcat 1/min b9.87 - - AADAC catalytic rate constant
OATP1B1 KM µmol/l 1.50 lit. [92] OATP1B1 Michaelis-Menten constant
OATP1B1 kcat 1/min b105.41 - - OATP1B1 catalytic rate constant
Pgp KM µmol/l 55.0 lit. [93] Pgp Michaelis-Menten constant
Pgp kcat 1/min b0.61 - - Pgp catalytic rate constant
Induction EC50 µmol/l 0.34 lit. [87, 94] Conc. for half-maximal induction
AADAC Emax - b0.99 - - Maximum in vivo induction effect
OATP1B1 Emax - b0.38 - - Maximum in vivo induction effect
Pgp Emax - 2.50 lit. [95] Maximum in vivo induction effect
CYP2B6 Emax - 3.60 lit. [96] Maximum in vivo induction effect
CYP2C19 Emax - 1.07 lit. [97] Maximum in vivo induction effect
UGT2B7 Emax - 1.79 lit. [98] Maximum in vivo induction effect
OATP1B1 Ki µmol/l 0.48 lit. [99] Conc. for half-maximal inhibition
Pgp Ki µmol/l 169.00 lit. [100] Conc. for half-maximal inhibition
CYP2B6 Ki µmol/l e118.5 lit. [101] Conc. for half-maximal inhibition
UGT2B7 Ki µmol/l e554.0 lit. [102] Conc. for half-maximal inhibition
Formulation Solution

asm., assumed; conc., concentration; cont., continuous; CYP, cytochrome P450; EHC, enterohepatic circulation; intest., intestinal;
GFR, glomerular filtration rate; lit., literature; OATP, organic anion transporting polypeptide; perm., permeability; Pgp, P-glycoprotein;
PK-Sim std., PK-Sim Standard calculation method; R&R, Rodgers and Rowland calculation method; UGT, uridine 5’-diphospho-
glucuronosyltransferase; -, not available.
a, https://www.drugbank.ca/drugs/DB01045, 22 October 2018
b, optimized
c, blood/serum concentration ratio
d , calculated parameter
e, in vitro values corrected for binding in the assay using fraction unbound to microsomal protein [72]
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4.2 PBPK modeling of fluvoxamine

The selective serotonin reuptake inhibitor fluvoxamine exhibits a strong inhibitory activity on several CYP
enzymes, especially on CYP1A2, CYP2C19 and CYP3A4 [103, 104]. The fluvoxamine PBPK model was
developed and applied for DDI predictions in a previous publication [103]. To describe a DDI cocktail study
conducted by Bosilkovska et al. [25], the fluvoxamine model was used to predict the reported fluvoxamine-
voriconazole-bupropion DDI, by implementing competitive inhibition on CYP2C19 and CYP3A4 using in-
teraction parameters from the literature. Drug-dependent parameters of the fluvoxamine model are listed
in Table S4.2.

Table S4.2: Drug-dependent parameters of the fluvoxamine PBPK model.
Parameter Unit Value Source Reference Description

MW g/mol 318.34 lit. aDB00176 Molecular weight
pKa (base) - 9.40 lit. [105] Acid dissociation constant
Solubility (pH) mg/ml 14.66 (7.0) lit. MSDS Solubility
logP - b3.57 3.20 aDB00176 Lipophilicity
fu % 23 lit. [106] Fraction unbound
Specific intest. perm. dm/min b2.74E-06 c3.03E-5 PK-Sim® Normalized to surface are
Specific organ perm. dm/min c0.02 c0.02 PK-Sim® Normalized to surface are
GFR fraction - 1.00 asm. - Fraction of filtered drug in the urine
EHC cont. fraction - 1.00 asm. - Fraction of bile continually released
Cellular permeabilities cm/min PK-Sim std. - [1] Permeation across cell membranes
Partition coefficients cm/min Schmitt - [107] Organ-plasma partition coefficients
CYP1A2 KM µmol/l b0.0074 - - CYP1A2 Michaelis-Menten constant
CYP1A2 kcat 1/min b0.016 opt. - CYP1A2 catalytic rate constant
CYP2D6 KM µmol/l 76.30 lit. [108] CYP2D6 Michaelis-Menten constant
CYP2D6 kcat 1/min b110.51 - - CYP2D6 catalytic rate constant
CYP2C19 Ki µmol/l 0.013 lit. [104] Conc. for half-maximal inhibition
CYP3A4 Ki µmol/l 1.60 lit. [? ? ] Conc. for half-maximal inhibition
Formulation Solution

asm., assumed; calc., calculated; conc., concentration; cont., continuous; CYP, cytochrome P450; EHC, enterohepatic circulation;
intest., intestinal; GFR, glomerular filtration rate; lit., literature; MSDS, material safety data sheet; perm., permeability; PK-Sim std.,
PK-Sim Standard calculation method; Schmitt, Schmitt calculation method; -, not available.
a, https://www.drugbank.ca/drugs/DB00176, 22 October 2018
b, optimized
c, calculated parameter
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4.3 PBPK modeling of voriconazole

The antifungal voriconazole exhibits a strong inhibitory activity on several CYP enzymes, i.e. its mechanism-
based autoinhibition of CYP3A4 [109]. Regarding CYP2B6 inhibition, voriconazole is known for its high
interaction potential with the CYP2B6 substrate and inducer efavirenz [110]. As a CYP2C19 substrate and
inhibitor, voriconazole also engages in CYP2C19 DDIs [111]. The voriconazole PBPK model was devel-
oped and applied for DDI predictions in a previous publication [112]. To describe a DDI cocktail study con-
ducted by Bosilkovska et al. [25], the voriconazole model was used to predict the reported fluvoxamine-
voriconazole-bupropion DDI, by implementing competitive inhibition on CYP2B6 and CYP2C19 using
literature values. Drug-dependent parameters of the voriconazole model are listed in Table S4.3.

Table S4.3: Drug-dependent parameters of the voriconazole PBPK model.
Parameter Unit Value Source Reference Description

MW g/mol 349.30 lit. aDB00582 Molecular weight
pKa (base) - 1.60 lit. [113] Acid dissociation constant
Solubility (pH) mg/ml 3.2 (1.0) lit. [113] Solubility

2.7 (1.2) lit. [114]
0.1 (7.0) lit. aDB00582

logP - 1.80 lit. [14, 115] Lipophilicity
fu % 42.0 lit. [115–117] Fraction unbound
Specific intest. perm. cm/s b2.71E-04 2.81E-5 [116] Normalized to surface are
Specific organ perm. cm/s 4.30E-05 c4.30E-05 PK-Sim® Normalized to surface are
GFR fraction - 1.00 asm. - Fraction of filtered drug in the urine
EHC cont. fraction - 1.00 asm. - Fraction of bile continually released
Cellular permeabilities cm/s PK-Sim std. - [1] Permeation across cell membranes
Partition coefficients cm/s P. and T. - [115, 116] Organ-plasma partition coefficients
CYP3A4 KM µmol/l 15.00 lit. [115] CYP3A4 Michaelis-Menten constant
CYP3A4 kcat 1/min b2.12 0.31 [115] CYP3A4 catalytic rate constant
CYP2C19 KM µmol/l 3.50 lit. [115] CYP2C19 Michaelis-Menten constant
CYP2C19 kcat 1/min 1.19 lit. [115] CYP2C19 catalytic rate constant
CYP3A4 KI µmol/l 9.33 lit. [109] Conc. for half-maximal inhibition
CYP3A4 kinact 1/min b0.0015 0.04 [109] Maximum inactivation rate constant
CYP2B6 KI µmol/l b0.07 d0.30 [111] Conc. for half-maximal inhibition
CYP2C19 KI µmol/l d4.57 lit. [111] Conc. for half-maximal inhibition
Weibull shape - a1.29 - - Shape used for Weibull
Weibull time min a30 - - Time of 50% dissolved

asm., assumed; calc., calculated; conc., concentration; cont., continuous; CYP, cytochrome P450; EHC, enterohepatic circulation;
intest., intestinal; GFR, glomerular filtration rate; lit., literature; perm., permeability; P. and T., Poulin and Theil calculation method;
PK-Sim std., PK-Sim Standard calculation method; -, not available.
a, https://go.drugbank.com/drugs/DB00582 03.12.2020
b, optimized
c, calculated parameter
d , in vitro values corrected for binding in the assay using fraction unbound to microsomal protein [72]
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4.4 Clinical studies

In Tables S4.4 and S4.5, clinical studies used for DDI model development are listed. Virtual individuals were built according to the demographics
published in the respective study report. If no data on demographics were reported, a standard individual was used as described in Section 1.4.

Table S4.4: Clinical studies used for rifampicin-bupropion DDI model development.
Rifampicin application Bupropion application Dose gap [h] n Age [years] Weight [kg] Females [%] Dataset Reference

600 mg po (tab) q.d. (D1–D7) 25 mg po (Cap) s.d. (D8) 12 10 23 (20–36) 22 (19.9–24.4) 0 te Bosilkovska 2014 [25]
600 mg po (tab) q.d. (D1–D7) 150 mg po (IR) s.d. (D8) 12 10 31 (21–40) 73 (57–84) 60 te Kharasch 2008a [34]
600 mg po (tab) q.d. (D1–D7) 150 mg po (SR) s.d. (D8) 24 22 22.7 65 27.3 te Chung 2011 [38]
600 mg po (tab) q.d. (D1–D10) 150 mg po (SR) s.d. (D8) 12 17 22 (19–34) 72 (53–99) 0 te Loboz 2006 [44]

Cap, capsule (Geneva cocktail [25]); D, study day; IR, immediate release formulations; n, number of individuals studied; po, oral; q.d., once daily; s.d., single dose; SR, sustained release
formulations; tab, tablet; te, test dataset. Values are given as mean, the range of values is given in brackets.

Table S4.5: Clinical studies used for fluvoxamine-voriconazole-bupropion DDI model development.
Fluvoxamine application Voriconazole application Bupropion application Dose gap [h] n Age [years] Females [%] Dataset Reference

50 mg po (tab) b.i.d. 400 mg po (tab) s.d. 25 mg po (Cap) s.d. 12 (F), 2 (F), 2 (V) 10 23 (20–36) 0 ta Bosilkovska 2014
[25]

b.i.d., twice daily; Cap, capsule (Geneva cocktail [25]); D, study day; F, fluvoxamine; n, number of individuals studied; po, oral; s.d., single dose; ta, training dataset; tab, tablet; V,
voriconazole. Values are given as mean, the range of values is given in brackets.
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4.5 Concentration-time profiles

The geometric means of the population predictions (n=500) are shown as solid lines and corresponding
observed data as filled dots. Symbols represent the arithmetic mean values ± standard deviation, if
available. The shaded areas indicate the geometric standard deviation. Details on dosing regimens,
study populations and literature references are listed in Tables S4.4 and S4.5.

(a) (b) (c)

(d) (e) (f)

Figure S4.5.1: Plasma concentration-time profiles of bupropion and hydroxybupropion DDI simula-
tions on a linear scale. Cap, capsule (Geneva cocktail [25]); Control, without perpetrator;
DDI (Ind), drug-drug-interaction with rifampicin as inducer; DDI (Inh), drug-drug-interaction
with fluvoxamine and voriconazole as inhibitors; Fluvo/Vori, fluvoxamine and voricona-
zole; IR, immediate release formulation; Rifa, rifampicin; s.d., single dose; SR, sustained
release formulation.
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(a) (b) (c)

(d) (e) (f)

Figure S4.5.2: Plasma concentration-time profiles of bupropion and hydroxybupropion DDI simula-
tions on a semi-logarithmic scale. Cap, capsule (Geneva cocktail [25]); Control, without
perpetrator; DDI (Ind), drug-drug-interaction with rifampicin as inducer; DDI (Inh), drug-
drug-interaction with fluvoxamine and voriconazole as inhibitors; Fluvo/Vori, fluvoxamine
and voriconazole; IR, immediate release formulation; Rifa, rifampicin; s.d., single dose;
SR, sustained release formulation.
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4.6 Model evaluation

4.6.1 Predicted compared to observed concentrations goodness-of-fit plots

Following, goodness-of-fit plots of predicted compared to observed plasma concentrations are illustrated
in Figure S4.6.3. Details on dosing regimens, study populations and literature references are listed in
Tables S4.4 and S4.5. Predicted and observed PK parameters are summarized in Table S4.7.

(a) Bupropion (b) Hydroxybupropion

Figure S4.6.3: DDI predicted compared to observed plasma concentrations of (a) bupropion and (b)
hydroxybupropion. The solid line marks the line of identity. Dotted lines indicate 1.25-fold,
dashed lines indicate 2-fold deviation. Control, without perpetrators; DDI (Ind), drug-drug-
interaction with rifampicin as inducer; DDI (Inh), drug-drug-interaction with fluvoxamine
and voriconazole as inhibitors.
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4.6.2 Mean relative deviation of plasma concentration predictions

Table S4.6: Mean relative deviation values of bupropion and hydroxybupropion DDI plasma concentration
predictions.

Dosing n Compound MRD Compound MRD Dataset Reference

Rifampicin induction

25 mg Cap (s.d.) 10 Bup 1.34 HBup 1.11 te Bosilkovska 2014 Control [25]
25 mg Cap (s.d.) 10 Bup 1.65 HBup 1.07 te Bosilkovska 2014 DDI [25]
150 mg IR (s.d.) 10 Bup 1.25 HBup 1.20 te Kharasch 2008a Control [34]
150 mg IR (s.d.) 10 Bup 2.28 HBup 1.18 te Kharasch 2008a DDI [34]
150 mg SR (s.d.) 13 Bup 1.15 HBup 1.04 ta Chung 2011 *1|*1 Control [38]
150 mg SR (s.d.) 13 Bup 1.31 HBup 1.26 ta Chung 2011 *1|*1 DDI [38]
150 mg SR (s.d.) 9 Bup 1.30 HBup 1.08 te Chung 2011 *1|*6 Control [38]
150 mg SR (s.d.) 9 Bup 1.12 HBup 1.26 te Chung 2011 *1|*6 DDI [38]
150 mg SR (s.d.) 18 Bup 1.30 HBup 1.35 ta Loboz 2006 Control [44]
150 mg SR (s.d.) 18 Bup 1.57 HBup 1.26 te Loboz 2006 DDI [44]

Fluvoxamine and voriconazole inhibition

25 mg Cap (s.d.) 10 Bup 1.69 HBup 2.68 ta Bosilkovska 2014 DDI [25]

Mean 1.36 (1.04–2.68)
Median 1.26 (1.04–2.68)

90.90% (20/22 ≤ 2)

Bup, bupropion; Cap, capsule (Geneva cocktail [25]); Control, without perpetrators; DDI, drug-drug-interaction with perpetrators; HBup,
hydroxybupropion; IR, immediate release formulation; MRD, mean relative deviation; n, number of individuals studied; s.d., single dose;
SR, sustained release formulation; ta, training dataset; te, test dataset.
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4.6.3 AUC and Cmax goodness-of-fit plots

Following, predicted compared to observed AUC and Cmax values are shown for individual bupropion and
hydroxybupropion profiles, their metabolite-parent AUC and Cmax ratio and their DDI effect metabolite-
parent AUC and Cmax ratio, respectively. Details on dosing regimens, study populations and literature
references are listed in Tables S4.4 and S4.5. Predicted and observed PK parameters are summarized in
Tables S4.7, S4.8 and S4.9.

(a) AUC (b) AUCHBup/Bup (c) DDI AUCHBup/Bup

(d) Cmax (e) Cmax, HBup/Bup (f) DDI Cmax, HBup/Bup

Figure S4.6.4: Predicted compared to observed (a) AUC values, (b) AUCHBup/Bup ratios, (c) DDI
AUCHBup/Bup, (d) Cmax values, (e) Cmax, HBup/Bup ratios and (f) DDI Cmax, HBup/Bup ra-
tios. The solid line marks the line of identity. Dotted lines indicate 1.25-fold, dashed
lines indicate 2-fold deviation. The curved gray lines show the prediction success lim-
its suggested by Guest et al. allowing a 1.25-fold variability [77]. AUC, area under the
plasma concentration-time curve; Bup, bupropion; Cmax, maximum plasma concentra-
tion; Control, without perpetrator; DDI, drug-drug-interaction with perpetrators; DDI (Ind),
drug-drug-interaction with rifampicin as inducer; DDI (Inh), drug-drug-interaction with flu-
voxamine and voriconazole as inhibitors; HBup, hydroxybupropion.
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4.6.4 Geometric mean fold error of predicted AUC and Cmax values, AUCHBup/Bup and Cmax, HBup/Bup ratios, and DDI
AUCHBup/Bup and DDI Cmax, HBup/Bup ratios

Table S4.7: Predicted and observed AUClast and Cmax values of bupropion and hydroxybupropion DDI plasma concentrations.
Dosing n Compound AUClast pred

[ng*h/ml]
AUClast obs

[ng*h/ml]
AUClast

pred/obs
Cmax pred

[ng/ml]
Cmax obs

[ng/ml]
Cmax

pred/obs
Dataset Reference

Rifampicin induction

25 mg Cap (s.d.) 10 Bup 95.61 70.34 1.36 28.20 25.74 1.10 te Bosilkovska 2014 Control [25]
25 mg Cap (s.d.) 10 Bup 47.87 25.49 1.88 18.71 10.10 1.85 te Bosilkovska 2014 DDI [25]
150 mg IR (s.d.) 10 Bup 798.66 1182.40 0.68 144.23 235.94 0.61 te Kharasch 2008a Control [34]
150 mg IR (s.d.) 10 Bup 345.35 722.93 0.48 81.81 164.01 0.50 te Kharasch 2008a DDI [34]
150 mg SR (s.d.) 13 Bup 822.18 909.01 0.90 104.29 97.73 1.07 ta Chung 2011 *1|*1 Control [38]
150 mg SR (s.d.) 13 Bup 334.43 351.52 0.95 47.74 44.49 1.07 ta Chung 2011 *1|*1 DDI [38]
150 mg SR (s.d.) 9 Bup 958.22 1268.88 0.76 116.76 116.63 1.00 te Chung 2011 *1|*6 Control [38]
150 mg SR (s.d.) 9 Bup 354.09 309.15 1.15 61.23 44.66 1.37 te Chung 2011 *1|*6 DDI [38]
150 mg SR (s.d.) 18 Bup 854.58 832.02 1.03 89.31 74.04 1.21 te Loboz 2006 Control [44]
150 mg SR (s.d.) 18 Bup 269.42 300.93 0.90 37.95 28.60 1.33 te Loboz 2006 DDI [44]

25 mg Cap (s.d.) 10 HBup 348.31 257.69 1.35 52.07 38.33 1.36 te Bosilkovska 2014 Control [25]
25 mg Cap (s.d.) 10 HBup 449.48 505.31 0.89 75.50 84.97 0.89 te Bosilkovska 2014 DDI [25]
150 mg IR (s.d.) 10 HBup 10351.70 13530.75 0.77 383.99 379.17 1.01 te Kharasch 2008 Control [34]
150 mg IR (s.d.) 10 HBup 9004.53 9608.04 0.94 591.45 503.13 1.18 te Kharasch 2008 DDI [34]
150 mg SR (s.d.) 13 HBup 8738.64 8936.26 0.98 366.16 363.64 1.01 ta Chung 2011 *1|*1 Control [38]
150 mg SR (s.d.) 13 HBup 8533.25 9498.00 0.90 504.90 687.07 0.74 ta Chung 2011 *1|*1 DDI [38]
150 mg SR (s.d.) 9 HBup 7304.46 7976.41 0.92 300.13 314.03 0.96 te Chung 2011 *1|*6 Control [38]
150 mg SR (s.d.) 9 HBup 8894.42 7838.55 1.13 492.24 59.91 0.88 te Chung 2011 *1|*6 DDI [38]
150 mg SR (s.d.) 18 HBup 10199.30 12976.72 0.79 320.63 379.78 0.84 ta Loboz 2006 Control [44]
150 mg SR (s.d.) 18 HBup 8346.79 8767.25 0.95 416.72 552.73 0.75 te Loboz 2006 DDI [44]

Fluvoxamine and voriconazole inhibition

25 mg Cap (s.d.) 10 Bup 182.88 90.52 2.02 42.28 31.64 1.34 ta Bosilkovska 2014 DDI [25]

25 mg Cap (s.d.) 10 HBup 47.14 23.37 2.02 8.16 3.70 2.21 ta Bosilkovska 2014 DDI [25]

GMFE (range) 1.30 (1.02–2.02) 1.30 (1.00–2.21)
pred/obs within twofold (range) 86.36%; 19/22 (0.48–2.02) 95.45%; 21/22 (0.50–2.21)

AUClast, area under the plasma concentration-time curve; Bup, bupropion; Cap, capsule (Geneva cocktail [25]); Cmax, maximum plasma concentration; Control, without perpetrators; DDI,
drug-drug-interaction with perpetrators; GMFE, geometric mean fold error; HBup, hydroxybupropion; IR, immediate release formulation; n, number of individuals studied; obs, observed; pred,
predicted; s.d., single dose; SR, sustained release formulation; ta, training dataset; te, test dataset.
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Table S4.8: Predicted and observed AUCHBup/Bup and Cmax, HBup/Bup ratios of bupropion and hydroxybupropion DDI plasma concentrations.
Dosing n AUCHBup/Bup

pred
AUCHBup/Bup

obs
AUCHBup/Bup

pred/obs
Cmax, HBup/Bup

pred
Cmax, HBup/Bup

obs
Cmax, HBup/Bup

pred/obs
Dataset Reference

Rifampicin induction

25 mg Cap (s.d.) 10 3.64 3.66 0.99 1.85 1.49 1.24 te Bosilkovska 2014 Control [25]
25 mg Cap (s.d.) 10 14.50 19.82 0.73 5.84 8.41 0.70 te Bosilkovska 2014 DDI [25]
150 mg IR (s.d.) 10 12.96 11.44 1.13 2.66 1.61 1.66 ta Kharasch 2008a Control [34]
150 mg IR (s.d.) 10 26.07 13.29 1.96 7.29 3.07 2.36 te Kharasch 2008a DDI [34]
150 mg SR (s.d.) 13 10.62 9.83 1.08 3.51 3.72 0.94 ta Chung 2011 *1|*1 Control [38]
150 mg SR (s.d.) 13 7.62 6.29 1.21 2.57 2.69 0.95 ta Chung 2011 *1|*1 DDI [38]
150 mg SR (s.d.) 9 24.25 27.02 0.90 9.89 15.44 0.64 te Chung 2011 *1|*6 Control [38]
150 mg SR (s.d.) 9 23.36 25.36 0.92 7.45 12.54 0.59 te Chung 2011 *1|*6 DDI [38]
150 mg SR (s.d.) 18 11.93 15.60 0.76 3.59 5.13 0.70 ta Loboz 2006 Control [44]
150 mg SR (s.d.) 18 30.98 29.13 1.06 10.98 19.33 0.57 te Loboz 2006 DDI [44]
150 mg SR (s.d.) 6 11.76 18.50 0.64 - - - te Loboz 2006 *1|*1 Control [44]
150 mg SR (s.d.) 6 21.78 30.90 0.70 - - - te Loboz 2006 *1|*1 DDI [44]
150 mg SR (s.d.) 1 22.75 25.40 0.90 - - - te Loboz 2006 *1|*4 Control [44]
150 mg SR (s.d.) 1 45.56 47.50 0.96 - - - te Loboz 2006 *1|*4 DDI [44]
150 mg SR (s.d.) 1 15.47 32.70 0.47 - - - te Loboz 2006 *1|*5 Control [44]
150 mg SR (s.d.) 1 32.36 45.90 0.71 - - - te Loboz 2006 *1|*5 DDI [44]
150 mg SR (s.d.) 6 8.38 14.50 0.58 - - - te Loboz 2006 *1|*6 Control [44]
150 mg SR (s.d.) 6 17.32 28.20 0.61 - - - te Loboz 2006 *1|*6 DDI [44]
150 mg SR (s.d.) 1 19.58 18.00 1.09 - - - te Loboz 2006 *4|*6 Control [44]
150 mg SR (s.d.) 1 38.87 38.30 1.01 - - - te Loboz 2006 *4|*6 DDI [44]
150 mg SR (s.d.) 1 18.87 21.70 0.87 - - - te Loboz 2006 *5|*5 Control [44]
150 mg SR (s.d.) 1 39.06 45.40 0.86 - - - te Loboz 2006 *5|*5 DDI [44]
150 mg SR (s.d.) 1 4.98 8.10 0.61 - - - te Loboz 2006 *6|*6 Control [44]
150 mg SR (s.d.) 1 9.69 13.60 0.71 - - - te Loboz 2006 *6|*6 DDI [44]

Fluvoxamine and voriconazole inhibition

150 mg IR (s.d.) 10 0.26 0.26 1.00 0.19 0.12 1.58 ta Bosilkovska 2014 DDI [25]

GMFE (range) 1.37 (1.00–2.14) 1.53 (1.05–2.36)
Pred/Obs within twofold (range) 95.83%; 24/25 (0.47–1.96) 90.00%; 10/11 (0.57–2.36)

AUClast, area under the plasma concentration-time curve; Bup, bupropion; Cap, capsule (Geneva cocktail [25]); Cmax, maximum plasma concentration; Control, without perpetrators; DDI,
drug-drug-interaction with perpetrators; GMFE, geometric mean fold error; HBup, hydroxybupropion; IR, immediate release formulation; n, number of individuals studied; obs, observed; pred,
predicted; s.d., single dose; SR, sustained release formulation; ta, training dataset; te, test dataset; -, no data available.
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Table S4.9: Predicted and observed DDI AUCHBup/Bup and DDI Cmax, HBup/Bup ratios of bupropion and hydroxybupropion DDI plasma concentrations.
Dosing n DDI

AUCHBup/Bup
pred

DDI
AUCHBup/Bup

obs

DDI
AUCHBup/Bup

pred/obs

DDI
Cmax, HBup/Bup

pred

DDI
Cmax, HBup/Bup

obs

DDI
Cmax, HBup/Bup

pred/obs

Dataset Reference

Rifampicin induction

25 mg Cap (s.d.) 10 3.98 5.42 0.74 3.16 5.64 0.56 te Bosilkovska 2014 [25]
150 mg IR (s.d.) 10 2.01 1.16 1.73 2.74 1.91 1.44 te Kharasch 2008a [34]
150 mg SR (s.d.) 13 0.72 0.64 1.12 0.73 0.72 1.01 ta Chung 2011 *1|*1 [38]
150 mg SR (s.d.) 9 0.96 0.94 1.03 0.75 0.81 0.93 te Chung 2011 *1|*6 [38]
150 mg SR (s.d.) 18 2.60 1.87 1.39 3.06 3.77 0.81 te Loboz 2006 [44]
150 mg SR (s.d.) 6 1.85 1.67 1.11 - - - te Loboz 2006 *1|*1 [44]
150 mg SR (s.d.) 1 1.93 1.87 1.03 - - - te Loboz 2006 *1|*4 [44]
150 mg SR (s.d.) 1 2.13 1.40 1.52 - - - te Loboz 2006 *1|*5 [44]
150 mg SR (s.d.) 6 2.07 1.94 1.06 - - - te Loboz 2006 *1|*6 [44]
150 mg SR (s.d.) 1 1.92 2.13 0.90 - - - te Loboz 2006 *4|*6 [44]
150 mg SR (s.d.) 1 1.10 2.09 1.01 - - - te Loboz 2006 *5|*5 [44]
150 mg SR (s.d.) 1 1.94 1.68 1.16 - - - te Loboz 2006 *6|*6 [44]

Fluvoxamine and voriconazole inhibition

25 mg Cap (s.d.) 10 0.07 0.07 1.00 0.10 0.08 1.25 ta Bosilkovska 2014 [25]

GMFE (range) 1.23 (1.00–1.73) 1.46 (1.01–1.44)
Pred/Obs within twofold (range) 100%; 13/13 (0.74–1.73) 100%; 6/6 (0.56–1.44)

AUClast, area under the plasma concentration-time curve; Bup, bupropion; Cap, capsule (Geneva cocktail [25]); Cmax, maximum plasma concentration; DDI, drug-drug-interaction with perpe-
trators; GMFE, geometric mean fold error; HBup, hydroxybupropion; IR, immediate release formulation; n, number of individuals studied; obs, observed; pred, predicted; s.d., single dose; SR,
sustained release formulation; ta, training dataset; te, test dataset; -, no data available.
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5 DDGI prediction

5.1 Background

Drug-drug-gene interactions occur when subjects with variant CYP2B6 variant genotypes receive bupro-
pion with a potential perpetrator drug. In the following section, DDGIs were simulated for various CYP2B6
genotypes during concomitant bupropion and rifampicin intake. In the literature, plasma concentration-
time profiles of this DDGI were only provided in the study of Chung et al. [38] (for the genotype CYP2B6*1|*6
after rifampicin intake). However, Loboz et al. [44] also investigated DDGIs with rifampicin for several dif-
ferent genotypes and reported hydroxybupropion to bupropion AUCinf ratios. Hence, for DDGI model
evaluation, predicted AUCinf HBup/Bup ratios were calculated for DDGIs and compared to observed ratios.
Model parameters to predict the rifampicin-bupropion DDGIs are listed in Tables S2.2 (bupropion), S3.2
(DGI) and S4.1 (rifampicin).

5.2 Clinical studies

In Table S5.1, clinical studies used for DDGI model development are listed. Virtual individuals were built
according to the demographics published in the respective study reports. If no data on the demographics
were reported, a standard individual was used as described in Section 1.4.

Table S5.1: Clinical studies used for DDGI model development.
Rifampicin application Bupropion appliction Dose gap

[h]
n CYP2B6

genoytpe
Dataset Reference

600 mg po (tab) q.d. (D1–D7) 150 mg po (SR) s.d. (D8) 24 13 *1|*1 ta Chung 2011 [38]
600 mg po (tab) q.d. (D1–D7) 150 mg po (SR) s.d. (D8) 24 9 *1|*6 te Chung 2011 [38]
600 mg po (tab) q.d. (D1–D10) 150 mg po (SR) s.d. (D8) 12 6 *1|*1 te Loboz 2006 [44]
600 mg po (tab) q.d. (D1–D10) 150 mg po (SR) s.d. (D8) 12 1 *1|*4 te Loboz 2006 [44]
600 mg po (tab) q.d. (D1–D10) 150 mg po (SR) s.d. (D8) 12 1 *1|*5 te Loboz 2006 [44]
600 mg po (tab) q.d. (D1–D10) 150 mg po (SR) s.d. (D8) 12 1 *1|*6 te Loboz 2006 [44]
600 mg po (tab) q.d. (D1–D10) 150 mg po (SR) s.d. (D8) 12 6 *4|*6 te Loboz 2006 [44]
600 mg po (tab) q.d. (D1–D10) 150 mg po (SR) s.d. (D8) 12 1 *5|*5 te Loboz 2006 [44]
600 mg po (tab) q.d. (D1–D10) 150 mg po (SR) s.d. (D8) 12 1 *6|*6 te Loboz 2006 [44]

CYP, cytochrome P450; D, study day; n, number of individuals studied; po, oral; q.d., once daily; s.d., single dose; SR, sustained
release formulation; tab, tablet; ta, training dataset; te, test dataset.
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5.3 Concentration-time profiles

Observed plasma concentration-time profiles were only published in the DDGI study by Chung et al. [38].
The profiles are shown on linear and semi-logarithmic scales in Figure S5.3.1. The geometric means of
the population predictions (n=500) are shown as solid lines and corresponding observed data as filled
dots. Symbols represent the arithmetic mean values± standard deviation, if available. The shaded areas
indicate the geometric standard deviation.

(a) (b)

Figure S5.3.1: Plasma concentration-time profiles of bupropion and hydroxybupropion for DDGI
simulations on (a) a linear and (b) a semi-logarithmic scale. Control, without perpetra-
tor; DDI (Ind), drug-drug-interaction with rifampicin as inducer; DDGI, drug-drug-gene-
interaction; s.d., single dose; SR, sustained release formulation.
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5.4 Model evaluation

5.4.1 DDGI AUCHBup/Bup ratios goodness-of-fit plots

In Figure S5.4.2, predicted compared to observed DDGI AUCHBup/Bup ratios for different genotypes are
shown. The DDGI AUCHBup/Bup ratios were calculated as described in Section 1.6.3. Details on dosing
regimens, study populations and literature references are listed in Table S5.1. Predicted and observed
PK parameters are summarized in Table S5.2.

Figure S5.4.2: Predicted compared to observed DDGI AUCHBup/Bup ratios. The solid line marks the
line of identity. Dotted lines indicate 1.25-fold, dashed lines indicate 2-fold deviation. The
curved gray lines show the prediction success limits suggested by Guest et al. allowing
a 1.25-fold variability [77]. AUC, area under the plasma concentration-time curve; Bup,
bupropion; DDGI, drug-drug-gene-interaction; HBup, hydroxybupropion.
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5.4.2 Geometric mean fold error of predicted DDGI AUCHBup/Bup ratios

Table S5.2 lists predicted and observed DDGI AUCHBup/Bup ratios for AUClast (Chung 2011) and AUCinf (Loboz 2006). Single AUCHBup/Bup ratios of
the reference (CYP2B6*1|*1 without perpetrator treatment) and the corresponding effect (CYP2B6 variant under perpetrator influence) are listed in
Tables S3.5 and S4.8.

Table S5.2: Predicted and observed DDGI AUCHBup/Bup and DDGI Cmax, HBup/Bup ratios of bupropion and hydroxybupropion plasma concentrations.
Dosing n DDGI

AUCHBup/Bup
pred

DDGI
AUCHBup/Bup

obs

DDGI
AUCHBup/Bup

pred/obs

DDGI
Cmax, HBup/Bup

pred

DDGI
Cmax, HBup/Bup

obs

DDGI
Cmax, HBup/Bup

pred/obs

Dataset Reference

150 mg SR (s.d.) 9 2.20 2.58 0.85 2.12 3.37 0.63 te Chung 2011 *1|*6 DDI [38]
150 mg SR (s.d.) 1 3.87 2.57 1.51 - - - te Loboz 2006 *1|*4 DDI [44]
150 mg SR (s.d.) 1 2.75 2.48 1.11 - - - te Loboz 2006 *1|*5 DDI [44]
150 mg SR (s.d.) 6 1.47 1.52 0.97 - - - te Loboz 2006 *1|*6 DDI [44]
150 mg SR (s.d.) 1 3.31 2.07 1.60 - - - te Loboz 2006 *4|*6 DDI [44]
150 mg SR (s.d.) 1 3.32 2.45 1.36 - - - te Loboz 2006 *5|*5 DDI [44]
150 mg SR (s.d.) 1 0.82 0.74 1.12 - - - te Loboz 2006 *6|*6 DDI [44]

GMFE (range) 1.27 (1.08–1.60) 1.59
pred/obs within twofold (range) 100%; 7/7 (0.85–1.60) 100%; 1/1 (0.63)

AUC, area under the plasma concentration-time curve; Bup, bupropion; Cmax, maximum plasma concentration; DDI, drug-drug-interaction with rifampicin; DDGI, drug-drug-gene-
interaction with rifampicin in populations with CYP2B6 varaints; GMFE, geometric mean fold error; HBup, hydroxybupropion; n, number of individuals studied; obs, observed; pred,
predicted; s.d., single dose; SR, sustained release formulation; te, test dataset; -, no data available.
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5.4.3 DDGI scenarios of rifampicin-bupropion interactions

The change of AUCHBup/Bup during the rifampicin-bupropion DDGI for all CYP2B6 genotypes implemented
into the model is illustrated in Figure S5.4.3. The values on the different bars represent the % change
from CYP2B6*1|*1 control conditions, for the different genotypes, with or without rifampicin coadministra-
tion. It should be noted, that DDIs for the genotypes CYP2B6*4|*4 and CYP2B6*5|*6 (shaded in gray)
no clinical values were available to evaluate the presented model predictions. The rifampicin-bupropion
coadministration protocol of Loboz et al. was applied for all simulations (see table S5.1).

Figure S5.4.3: Predicted AUCHBup/Bup for simulated DDGI scenarios. AUC, area under the plasma
concentration-time curve; Bup, bupropion; Control, without perpetrator; HBup, hydroxy-
bupropion.
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