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1 Mathematical implementation of drug-drug interactions (DDIs)

1.1 DDI modeling - competitive inhibition

Competitive inhibition describes the reversible binding of an inhibitor to the active site of an
enzyme or transporter protein and, as a consequence, the competition of substrate and
inhibitor for binding. Competitive inhibition can be overcome by high substrate
concentrations (concentration-dependency). In the case of competitive inhibition, the
maximum reaction velocity (Vmax) remains unaffected, while the Michaelis-Menten constant
(Km) is apparently increased by the inhibition (Kwm,app, €quation 1.1). The (reduced) reaction
velocity (v) during co-administration of substrate and competitive inhibitor is described by

equation 1.2:

Kwm,app = Km * (1 +[1] / Ki) (1.2)
V = (Vmax * [S]) / (Km,app + [S]) = (Keat * [E] * [S]) / (Km,app + [S]) (1.2)

with Kwm,app = Michaelis-Menten constant in the presence of inhibitor, Km Michaelis-Menten
constant, [I] = free inhibitor concentration, K; = dissociation constant of the inhibitor-enzyme
complex, v = reaction velocity, vmax = maximum reaction velocity, [S] = free substrate

concentration, ket = catalytic rate constant, [E] = enzyme or transporter concentration.

In the DDI models, competitive inhibition processes of cytochrome P450 (CYP) 2C8, CYP3A4,
organic-anion-transporting polypeptide (OATP) 1B1 and OATP1B3 were modeled using K;

values taken from literature reports or optimized and added to the models.

1.2 DDI modeling - mechanism-based inactivation

If an enzyme is irreversibly inhibited, de-novo synthesis is required to restore the initial
situation regarding enzyme activity (time-dependency). A special case is the mechanism-
based inactivation (MBI), where an enzyme is irreversibly inhibited by a reactive species
formed during the catalytic process. The change in enzyme turnover in the case of MBI can be

described by equation 1.3:

d[E]/dt = kdeg *Eo— (kdeg + Kinact * [I] / (Kl + [I]) * [E] (1'3)
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with d[E]/dt = enzyme or transporter turnover, kdeg = degradation rate constant, Eo = enzyme
or transporter concentration at time 0, [I] = free mechanism-based inactivator concentration,
kinact = maximum inactivation rate constant, K, = concentration for half-maximal inactivation,

[E] = enzyme or transporter concentration.

In the DDI models, MBI of CYP2C8 was implemented using kinact and K, values taken from

literature reports.

1.3 DDI modeling - induction
DDI enzyme and transporter induction is caused by a drug-induced increase of gene
expression, for example via activation of the transcription factor pregnane X receptor (PXR).

The change in enzyme turnover in the case of induction can be described by equation 1.4:

d[E]/dt = kgeg * Eo * (1 + (Emax * [Ind]) / (ECs0 + [Ind])) (1.4)

d[E]/dt = enzyme or transporter turnover, kqeg = degradation rate constant, Eo = enzyme or
transporter concentration at time 0, Emax = maximal induction effect in vivo, [Ind] = free

inducer concentration, ECso = concentration for half maximal induction in vivo.
In the DDI models, the induction of CYP2C8, CYP3A4, OATP1B1 and OATP1B3 was

implemented using ECso and Emax values taken from literature reports or optimized and added

to the models.
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2 Pharmacogenetics

2.1 Pharmacogenetics - general

Genetic polymorphisms can have an effect on drug pharmacokinetics (PK) and
pharmacodynamics (PD), e.g. by leading to different phenotypes of enzymes (poor,
intermediate, extensive or ultra rapid metabolizer). Single nucleotide polymorphisms (SNPs)

are the main cause for genetic polymorphisms.

2.2 Pharmacogenetics - relevant CYP2C8 polymorphisms

The CYP2C8*3 allele is characterized by substitution of two amino acids (Argl39Lys,
Lys399Arg) caused by two SNPs (G416A, A1196G) in exon 3 and exon 8 [1,2]. Carriers of the
CYP2C8*3 allele (either heterozygous or homozygous) show lower plasma concentrations and
areas under the concentration-time curve (AUCs) of repaglinide and pioglitazone than
CYP2C8*1*1 (wild type) carriers [3—7], consistent with increased drug metabolism by CYP2C8.
In the models, polymorphic CYP2C8 was implemented as two enzymes with halved reference
concentration each (Table S3.9.1). In the repaglinide model, the catalytic rate constant (kcat)
was optimized for the CYP2C8*1 and CYP2(C8*3 alleles assuming the same literature value for
Kwm (Table S3.4.2). For pioglitazone as CYP2C8 substrate, different Kv values for CYP2C8*1*1
and CYP2C8*3*3 (measured in HLM) [8] are reported in the literature and thus used in the
model. As described for the repaglinide model, two different CYP2C8 alleles were

implemented into the pioglitazone model and ket values of both alleles were optimized.

2.3 Pharmacogenetics - relevant SLCO1B1 polymorphisms

Two polymorphisms in the solute carrier organic anion transporter family member (SLCO) 1B1
gene (encoding OATP1B1 transporter) were considered in this project. The SNP in exon 5 of
the SLCO1B1 gene (521T>C), results in an amino acid change (Val174Ala) [9]. Subjects carrying
this polymorphism (included in diplotypes *5, *15 and *17) show a decreased OATP1B1
function [10] and increased repaglinide AUC and maximum plasma concentration (Cmax) [11].
The SNP -11187G>A is located in the promoter region of SLCO1B1 (*17 and *21) [9,10].
Heterozygous carriers also exhibit increased repaglinide AUC and Cmax [4].

In the repaglinide model, polymorphic OATP1B1 was implemented as two transporters with
halved reference concentration each (Table $3.9.1). For all genotypes, the same literature Km

value was used and the ket values of the four different alleles were optimized.
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3 PBPK model development

3.1 PBPK model development — general

In this study, physiologically-based pharmacokinetic (PBPK) models of gemfibrozil,
gemfibrozil 1-O-B-glucuronide, repaglinide and pioglitazone were built. For model
development, plasma concentration-time profiles of published clinical studies covering the
full reported dosing range were used, including data of intravenous and oral administration
as single or multiple doses. If information about the amount of unchanged drug excreted to
urine or feces was available, it was also utilized to inform the model optimization. All clinical
studies used for single compound model development are listed in Tables $3.3.1, S3.4.1 and
$3.5.1, including information about the assignment of each study to the internal (parameter
optimization) or external data set (model evaluation). Parameter optimizations were
performed by fitting the model simultaneously to all observed mean plasma concentration-
time profiles of the internal data set, using mean individuals that were generated to match
the mean age, weight, height, sex and ethnicity of each respective study population.
Parameters of the final models are given in Tables S3.3.2, S3.4.2 and S3.5.2.

Previously developed PBPK models of itraconazole, rifampicin and clarithromycin [12] were
extended by incorporation of CYP2C8, OATP1B1 and OATP1B3 interaction parameters and
their DDI performance with victim drugs of these pathways was evaluated within the DDI
network established in this study (shown in Section 4). Furthermore, the itraconazole model
was adapted to describe the low plasma concentration-time profiles observed during
gemfibrozil co-administration, by implementation of solubility changes for this DDI.
Parameters of the itraconazole, rifampicin and clarithromycin models are given in Tables
$3.6.1, S3.7.1 and S3.8.1.

Plots depicting predicted plasma concentration-time profiles of virtual populations compared
to observed data are presented in Figs. S3.3.1, S3.3.3, S3.4.1, S3.4.3, S3.5.1, S3.6.1 and S3.6.2
(semilogarithmic) and Figs. S3.3.2, S3.3.4, S3.4.2, S3.4.4, S3.5.2, S3.6.1 and S3.6.2 (linear).
Goodness of fit plots to compare predicted and observed plasma concentrations are shown in
Figs. S3.3.5, S3.4.5 and S3.5.3. Mean relative deviation (MRD) values for all studies are given
in Tables $3.3.3, S3.4.3 and S3.5.3. Figs. showing predicted compared to observed AUC values
calculated from time 0 to infinity (AUCinf) and Cmax values are given in Figs. $3.3.6, $S3.4.6 and
S3.5.4. Tables S3.3.4, S3.4.4 and S3.5.4 list the predicted and observed AUCinf and Cmax values

of all studies as well as geometric mean fold errors (GMFEs) for each model. Figs. showing
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predicted compared to observed apparent oral clearance (CL/F) and half-life values are given
in Figs. S3.3.7, S3.4.7 and S3.5.5. Tables S3.3.5, S3.4.5 and S3.5.5 list the predicted and
observed CL/F and half-life values of all studies as well as GMFEs for each model. The results
of sensitivity analyses are presented in Figs. S3.3.8, S3.3.9, S3.3.10, S3.4.8, S3.4.9, S3.5.6 and
S3.5.7.

The system-dependent parameters for all models, including reference concentrations with
geometric standard deviation, tissue expression as well as protein half-lives in liver and
intestine of all enzymes and transporters implemented in the models are given in Table S3.9.1.
In all individuals and populations, the enterohepatic circulation (EHC) was enabled (EHC

continuous fraction set to 1) by assuming a continuous flow from bile to duodenum.

3.2 PBPK model development — quantitative model evaluation
As quantitative measures of the model performance, the MRDs of the predicted plasma

concentrations and the GMFEs of the AUCins and Cmax values were calculated.

The MRDs were calculated according to equation 3.1:

2
Z(Iogl(l (Cobserved) - IOglO (Cpredicted))
N

MRD = 10%; x=\/ (3.1)

with Cobserved = Observed plasma concentration, Cpredicted = corresponding predicted plasma
concentration, N = number of observed values. An MRD value < 2 signifies that the average of
the values predicted by the model equals the observed values or deviates not more than

twofold, characterizing an adequate prediction [13].

The GMFEs were calculated according to equation 3.2:

predicted PK parameter)

2 | logy
GMFE - 10X, X = 0 ( observed PK parameter (32)

n

with predicted PK parameter = predicted AUCinf, Cmax, CL/F or half-life value, observed PK
parameter = corresponding observed AUCin;, Cmax, CL/F or half-life value, n = number of

studies. A GMFE value < 2 characterizes an adequate prediction.
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3.3 Gemfibrozil and gemfibrozil 1-O-B-glucuronide model development

The antihyperlipidaemic drug gemfibrozil is a strong CYP2C8 inhibitor [14], as its metabolite
gemfibrozil 1-O-B-glucuronide inactivates CYP2C8 in a mechanism-based manner [15].
Gemfibrozil itself is a competitive inhibitor of CYP2C8 [16] and both, parent drug and
metabolite, are competitive inhibitors of OATP1B1 [17].

A gemfibrozil-gemfibrozil 1-O-B-glucuronide parent-metabolite model was developed using
23 different clinical studies (oral administration of gemfibrozil), whereof 10 studies also show
plasma concentration-time profiles of the metabolite next to the parent drug (Table S3.3.1).
The dosing range of these studies is 30 — 900 mg gemfibrozil single dose and 30 — 600 mg twice
daily. A hepatocyte to plasma concentration ratio of 28.5% was reported for gemfibrozil 1-O-
B-glucuronide in one study [18] and used for parameter optimization.

The parent-metabolite model applies an active uptake transport of gemfibrozil into
hepatocytes, metabolism by UDP-glucuronosyltransferase (UGT) 2B7 to form gemfibrozil 1-O-
B-glucuronide and glomerular filtration of gemfibrozil. For gemfibrozil 1-O-B-glucuronide, the
model applies hepatic uptake via OATP1B1, efflux transport into bile via multidrug resistance-
associated protein (MRP) 2 and glomerular filtration. All enzyme and transporter processes
are implemented with saturable Michaelis-Menten kinetics. As gemfibrozil 1-O-B-glucuronide
is an OATP1B1 substrate, K; values to describe the competitive inhibition of OATP1B1 by both
gemfibrozil and its metabolite have been incorporated into the model (Ki = 25.2 umol/l and K;
= 22.6 umol/Il for gemfibrozil and gemfibrozil 1-O-B-glucuronide, respectively [17]). As no
information about fraction unbound in the incubation (fuinc) of gemfibrozil and gemfibrozil 1-
O-B-glucuronide in the assay used to determine these Ki values was available (uptake into
OATP1B1-expressing HEK-293 cells [17]), no correction for fuinc was performed. The
parameters of the final parent-metabolite model are given in Table S3.3.2.

The good descriptive (internal data set) and predictive (external data set) performance of the
parent-metabolite model is demonstrated in semilogarithmic (Figs. $S3.3.1 and $3.3.3) as well as
linear plots (Figs. S3.3.2 and S3.3.4) of population predicted compared to observed plasma
concentration-time profiles of all clinical studies. Furthermore, goodness of fit plots comparing
predicted versus observed plasma concentrations for gemfibrozil and gemfibrozil 1-O-B-
glucuronide are presented (Fig. S3.3.5) and MRD values for each study are given in Table
$3.3.3. Correlation of predicted and observed AUC, Cmax, CL/F and half-life values is presented
in Figs. S3.3.6 and S3.3.7, and the corresponding values are given in Tables $3.3.4 and S3.3.5,

including calculated model GMFE values.



Sensitivity analysis of a simulation of oral 600 mg gemfibrozil twice daily with a parameter
perturbation of 100% and a sensitivity threshold value of 0.5 reveals that the parent model is
sensitive to the gemfibrozil lipophilicity (optimized), the UGT2B7 catalytic rate constant
(optimized), the gemfibrozil fraction unbound in plasma (literature value), the UGT2B7
Michaelis-Menten constant (literature value) and the active hepatic uptake transporter
catalytic rate constant (optimized) (Fig. S3.3.8). The gemfibrozil 1-O-B-glucuronide model is
sensitive to the gemfibrozil 1-O-B-glucuronide lipophilicity (optimized), the MRP2 catalytic
rate constant (optimized), the gemfibrozil lipophilicity (optimized), the MRP2 Michaelis-
Menten constant (optimized), the gemfibrozil 1-O-B-glucuronide fraction unbound in plasma
(literature value) and the OATP1B1 catalytic rate constant (optimized) (Fig. S3.3.9). Sensitivity
analysis spider plots showing the change of AUC over a parameter variation range of 0.03-fold

up to 30-fold are presented in Fig. $3.3.10.
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Table $3.3.1. Clinical study data of gemfibrozil used for PBPK model development.

Route Dose n Females Age Weight Gemfibrozil 1-O-B-glucuronide Dataset References

[mg] [%] [years] [kel measurement
Gemfibrozil
po (cap, s.d.) 30 10 10 20-26 (23) 60-88 (73) yes i Honkalammi 2011b [18] @
po (cap, b.i.d.) 30 10 40 21-30 (24) 64-88 (75) yes i Honkalammi 2012 [19]
po (cap, s.d.) 100 10 10 20-26 (23) 60-88 (73) yes i Honkalammi 2011b [18] @
po (cap, b.i.d.) 100 10 40 21-30 (24) 64-88 (75) yes i Honkalammi 2012 [19]
po (cap, s.d.) 300 10 10 20-26 (23) 60-88 (73) yes i Honkalammi 2011b [18] @
po (cap, s.d.) 300 12 - - - no e Randinitis 1984 [20]
po (cap, s.d.) 300 12 - - - no e Randinitis 1986 [21]
po (cap, s.d.) 300 12 - 23-35 65-80 no e Rouini 2006 [22]
po (-, s.d.) 450 6 0 - - no e Nakagawa 1991 [23]
po (tab, s.d.) 600 37 0 (34.8) (77.9) no e ApotexCorp. 1998 Ref [24]
po (tab, s.d.) 600 37 0 (34.8) (77.9) no e ApotexCorp. 1998 Test [24]
po (tab, s.d.) 600 15 47 (37) (78) no e Busse 2009 [25]
po (-, s.d.) 600 - 0 - - no e Gonzales-Pefias 2001 [26]
po (tab, s.d.) 600 10 50 31-34 - yes e Honkalammi 2011a [27]
po (cap, s.d.) 600 12 - 23-35 65-80 no e Rouini 2006 [22]
po (cap, s.d.) 600 12 - - - no e Rouini 2008 [28]
po (tab, s.d.) 600 12 0 18-24 - no e Su 2010 [29]
po (tab, b.i.d.) 600 9 22 19-25 64-87 yes i Backman 2009 [30]
po (cap, b.i.d.) 600 10 40 21-30 (24) 64-88 (75) yes e Honkalammi 2012 [19]
po (tab, b.i.d.) 600 10 10 - 58-98 (79) yes e Tornio 2008 [31]
po (cap, s.d.) 900 10 10 20-26 (23) 60-88 (73) yes i Honkalammi 2011b [18] @
po (cap, s.d.) 900 6 50 23-33 (28) 49-85 (63) no e Knauf 1990 [32]
po (cap, s.d.) 900 12 - 23-35 65-80 no e Rouini 2006 [22]

2 hepatocyte to plasma concentration ratio given; values for age and weight are given as range (mean); -, not given; b.i.d., twice daily; cap, capsule; e, external data set (model

evaluation); i, internal data set (model building); n, number of individuals studied; po, oral; s.d., single dose; tab, tablet.
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Table S3.3.2. Drug-dependent parameters of the final gemfibrozil-gemfibrozil 1-O-B-glucuronide model.

Parameter Unit Gemfibrozil Gemfibrozil Gemfibrozil 1-O-B- Gemfibrozil 1-O-B-  Description
model literature glucuronide model  glucuronide literature

Gemfibrozil
MW g/mol  250.33 426.46 Molecular weight
pKa 4.70 [33] 2.68 [34] Acid dissociation constant
Solubility (pH) mg/I 170 (5.9) [35] 789 (7.0) [36]° Solubility
logP 2.8 2.8,4.3,4.77 [34,35,37] 1.41 1.22,2.44 [36] ® Lipophilicity
fu 6.48E-03 6.48E-03,0.021,0.03 0.115 0.115,0.171 [38,39] Fraction unbound plasma

[34,38,39]
Active hepatic uptake K pmol/l  2.39 n.a. - - Active hepatic uptake Michaelis-Menten constant
Active hepatic uptake keat 1/min  59.42 n.a. - - Active hepatic uptake catalytic rate constant
OATP1B1 Km umol/l - - 0.43 n.a. OATP1B1 Michaelis-Menten constant
OATP1B1 Keat 1/min - - 15.36 n.a. OATP1B1 catalytic rate constant
MRP2 Kwm umol/l - - 21.49 n.a. MRP2 Michaelis-Menten constant
MRP2 Kecat 1/min - - 7.13 n.a. MRP2 catalytic rate constant
UGT2B7 Km umol/l  2.20 [40] - - UGT2B7 Michaelis-Menten constant
UGT2B7 Keat 1/min  51.98 n.a. - - UGT2B7 catalytic rate constant
GFR fraction 1 1 Fraction of GFR used for passive elimination by the kidney
Ki OATP1B1 umol/l  25.2 [17] 22.6 [17] Inhibitory constant
Ki CYP2C8 umol/l 30.4 [16] - - Inhibitory constant
Ki CYP2C8 umol/l - - 20 [15] Concentration for half-maximal inactivation (MBI)
Kinact CYP2C8 1/min - - 0.21 [15] Maximum inactivation rate constant (MBI)
Formulation Weibull - - Formulation used in predictions
Cell permeabilities calculated  Charge-dependent calculated PK-Sim Standard [42] Permeation across cell membranes

Schmitt [41]
Partition coefficients calculated  Berezhkovskiy [43] calculated PK-Sim Standard [41] Organ-plasma partition coefficients
Specific intestinal perm. cm/min 6.62E-03 n.a. 1.22E-04 calculated Normalized to surface area
Specific organ perm. cm/min 0.07 calculated 5.98E-07 calculated Normalized to surface area

a3 DrugBank entry for gemfibrozil 1-beta-glucuronide. https://www.drugbank.ca/metabolites/DBMET01165. Accessed 21 Aug 2018; °, weibull function with dissolution time 24.45 minutes (50%
dissolved) and dissolution shape 1.56 (both optimized) (one shared dissolution profile for capsules and tablets); -, process not implemented in the model; CYP, cytochrome P450; GFR, glomerular
filtration rate; MRP, multidrug resistance-associated protein; n.a., not available; OATP, organic-anion-transporting polypeptide; perm, permeability; UGT, UDP-glucuronosyltransferase.
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Fig. $3.3.1. Gemfibrozil plasma concentration-time profiles (semilogarithmic). Observed data are
shown as triangles + SD. Population simulation arithmetic means or geometric means (b, d, n and s)
are shown as black lines; the shaded areas represent the 68% population prediction intervals.
Detailed information about dosing regimens and study populations is given in Table S3.3.1.
Predicted and observed AUC and Cmax values are compared in Table S3.3.4.

b.i.d., twice daily; conc, concentration; s.d., single dose.
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(m) Gemfibrozil - po, 600 mg, s.d.
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Fig. S3.3.2. Gemfibrozil plasma concentration-time profiles (linear). Observed data are shown as
triangles + SD. Population simulation arithmetic means or geometric means (b, d, n and s) are shown

as black lines; the shaded areas represent the 68% population prediction intervals. Detailed

information about dosing regimens and study populations is given in Table $3.3.1. Predicted and

observed AUC and Cnax values are compared in Table S3.3.4.

b.i.d., twice daily; conc, concentration; s.d., single dose.
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Fig. S3.3.3. Gemfibrozil 1-O-B-glucuronide (Gemfi-glu) concentration-time profiles
(semilogarithmic) following administration of gemfibrozil. Observed data are shown as triangles +
SD. Population simulation arithmetic means or geometric means (b, d, f and h) are shown as red
lines; the shaded areas represent the 68% population prediction intervals. Detailed information
about dosing regimens and study populations is given in Table S3.3.1 Predicted and observed AUC
and Cmax values are compared in Table S3.3.4.

b.i.d., twice daily; conc, concentration; s.d., single dose.
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Fig. S3.3.4. Gemfibrozil 1-O-B-glucuronide (Gemfi-glu) plasma concentration-time profiles (linear)
following administration of gemfibrozil. Observed data are shown as triangles + SD. Population
simulation arithmetic means or geometric means (b, d, f and h) are shown as red lines; the shaded
areas represent the 68% population prediction intervals. Detailed information about dosing
regimens and study populations is given in Table S3.3.1. Predicted and observed AUC and Cmax values

are compared in Table S3.3.4.

b.i.d., twice daily; conc, concentration; s.d., single dose.
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Fig. $3.3.5. Goodness of fit plots. Comparison of predicted versus observed gemfibrozil (a) and

gemfibrozil 1-O-B-glucuronide (b) plasma concentration values of all studies. The black line marks

the line of identity. Light grey lines indicate 0.8- to 1.25-fold; dark grey lines indicate 0.5- to 2-fold

prediction acceptance limits. Detailed information about dosing regimens and study populations is

given in Table S3.3.1.
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Table S3.3.3. Mean relative deviation values of gemfibrozil and gemfibrozil 1-O-B-glucuronide plasma concentration predictions.

Route Dose Gemfibrozil Gemfibrozil 1-O-B-glucuronide References
[mg] MRD MRD
Gemfibrozil
po (cap, s.d.) 30 1.48 1.99 Honkalammi 2011b [18]
po (cap, b.i.d.) 30 1.62 1.51 Honkalammi 2012 [19]
po (cap, s.d.) 100 1.33 1.58 Honkalammi 2011b [18]
po (cap, b.i.d.) 100 1.45 1.46 Honkalammi 2012 [19]
po (cap, s.d.) 300 1.49 1.50 Honkalammi 2011b [18]
po (cap, s.d.) 300 2.56 - Randinitis 1984 [20]
po (cap, s.d.) 300 2.42 - Randinitis 1986 [21]
po (cap, s.d.) 300 2.49 - Rouini 2006 [22]
po (-, s.d.) 450 4.07 - Nakagawa 1991 [23]
po (tab, s.d.) 600 2.60 - ApotexCorp. 1998 Ref [24]
po (tab, s.d.) 600 2.63 - ApotexCorp. 1998 Test [24]
po (tab, s.d.) 600 3.44 - Busse 2009 [25]
po (-, s.d.) 600 1.98 - Gonzales-Pefias 2001[26]
po (tab, s.d.) 600 1.59 1.63 Honkalammi 2011a [27]
po (cap, s.d.) 600 2.51 - Rouini 2006 [22]
po (cap, s.d.) 600 1.96 - Rouini 2008 [28]
po (tab, s.d.) 600 2.53 - Su 2010 [29]
po (tab, b.i.d.) 600 1.37 1.42 Backman 2009 [30]
po (cap, b.i.d.) 600 1.95 1.47 Honkalammi 2012 [19]
po (tab, b.i.d.) 600 2.95 1.76 Tornio 2008 [31]
po (cap, s.d.) 900 1.46 1.72 Honkalammi 2011b [18]
po (cap, s.d.) 900 3.56 - Knauf 1990 [32]
po (cap, s.d.) 900 2.67 - Rouini 2006 [22]
MRD (mean) 2.27 1.60
MRD<2 11/23 10/10

-, not given; b.i.d., twice daily; cap, capsule; MRD, mean relative deviation; po, oral; s.d., single dose; tab, tablet.
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(a) AUC correlation - gemfibrozil (b) Cmax correlation - gemfibrozil
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Fig. $S3.3.6. Correlation of predicted and observed gemfibrozil (upper panel) and gemfibrozil 1-O-
B-glucuronide (lower panel) AUC and Cmax values of all studies. The black line marks the line of
identity. Light grey lines indicate 0.8- to 1.25-fold; dark grey lines indicate 0.5- to 2-fold prediction
acceptance limits. Detailed information about dosing regimens and study populations is given in
Table $3.3.1. The plotted AUC and Cmax values are listed in Table S3.3.4.
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Table S3.3.4. Predicted and observed AUC and Cp.x values of gemfibrozil and gemfibrozil 1-O-B-glucuronide.

Route Dose AUC Pred/Obs Crmax Pred/Obs References
[mg] [ug*hours/ml] AUC [ug/ml] Cinax
Gemfibrozil pred obs pred obs
po (cap, s.d.) 30 2.4 2.1 1.15 1.2 14 0.84 Honkalammi 2011b [18]
po (cap, b.i.d.) 30 2.4 2.4c¢ 1.00 1.2 1.2 0.97 Honkalammi 2012 [19]
po (cap, s.d.) 100 8.7 9.0 0.96 4.2 4.8 0.87 Honkalammi 2011b [18]
po (cap, b.i.d.) 100 8.7 9.5¢ 0.91 4.1 4.5 0.92 Honkalammi 2012 [19]
po (cap, s.d.) 300 29.3 31.3 0.93 13.5 15.2 0.89 Honkalammi 2011b [18]
po (cap, s.d.) 300 - - - 12.5 16.1 0.78 Randinitis 1984 [20]
po (cap, s.d.) 300 - - - - - - Randinitis 1986 [21]
po (cap, s.d.) 300 26.1 39.5 0.66 12.5 15.1 0.83 Rouini 2006 [22]
po (-, s.d.) 450 - - - - - - Nakagawa 1991 [23]
po (tab, s.d.) 600 59.49 85.69 0.69 26.54 25.79 1.03 ApotexCorp. 1998 Ref [24]
po (tab, s.d.) 600 59.49 86.89 0.68 26.54 25.46 1.04 ApotexCorp. 1998 Test [24]
po (tab, s.d.) 600 59.7 104 0.57 27 28 0.95 Busse 2009 [25]
po (-, s.d.) 600 60.50 63.98 0.95 27.34 24.55 1.11 Gonzales-Pefas 2001[26]
po (tab, s.d.) 600 74.4 70.3b 1.06 33.2 28.8 1.15 Honkalammi 2011a [27]
po (cap, s.d.) 600 60.1 85.2 0.70 27.3 28.8 0.95 Rouini 2006 [22]
po (cap, s.d.) 600 59.1 87.1 0.68 27.3 22.8 1.20 Rouini 2008 [28]
po (tab, s.d.) 600 60.66 83.98 0.72 27.34 27.02 1.01 Su 2010 [29]
po (tab, b.i.d.) 600 58.8 60.8° 0.97 29.0 26.2 1.11 Backman 2009 [30]
po (cap, b.i.d.) 600 67.7 78.0¢ 0.87 29.2 26.6 1.10 Honkalammi 2012 [19]
po (tab, b.i.d.) 600 58.1 105 ° 0.55 26.5 42.4 0.63 Tornio 2008 [31]
po (cap, s.d.) 900 115.0 128.5 0.90 47.3 48.0 0.99 Honkalammi 2011b [18]
po (cap, s.d.) 900 - - - 52.6 46.1 1.14 Knauf 1990 [32]
po (cap, s.d.) 900 102.3 143.7 0.71 27.3 40.8 1.08 Rouini 2006 [22]
GMFE (range)  1.26 (1.00-1.81) 1.13 (1.01-1.60)
Pred/Obs within 2-fold 19/19 21/21
Gemfibrozil 1-O-B-glucuronide  pred obs pred obs
po (cap, s.d.) 30 1.29 0.95 1.35 0.4 0.5 0.88 Honkalammi 2011b [18]
po (cap, b.i.d.) 30 1.3 16¢ 0.80 0.44 0.62 0.72 Honkalammi 2012 [19]
po (cap, s.d.) 100 6.3 5.8 1.08 2.1 2.5 0.85 Honkalammi 2011b [18]

continued...
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continued...

Route Dose AUC Pred/Obs Crmax Pred/Obs References

[mg] [ug*hours/ml] AUC [ng/ml] Crmax
po (cap, b.i.d.) 100 6.3 7.5¢ 0.84 2.1 2.8 0.77 Honkalammi 2012 [19]
po (cap, s.d.) 300 33.2 22.6 1.47 9.2 7.8 1.18 Honkalammi 2011b [18]
po (tab, s.d.) 600 80.8 78.2° 1.03 21.4 21.8 0.98 Honkalammi 2011a [27]
po (tab, b.i.d.) 600 107.2 105.6 ° 1.02 22.6 28.8 0.79 Backman 2009 [30]
po (cap, b.i.d.) 600 113 84.7°¢ 1.34 23.4 20.6 1.14 Honkalammi 2012 [19]
po (tab, b.i.d.) 600 90.7 116° 0.78 22.3 29.9 0.74 Tornio 2008 [31]
po (cap, s.d.) 900 169 91.5 1.85 29.9 21.6 1.39 Honkalammi 2011b [18]

GMFE (range)
Pred/Obs within 2-fold

1.27 (1.02-1.85)
10/10

1.23 (1.02-1.40)
10/10

2 AUCg.4; ®, AUCq.g; €, AUCq.10; AUC values are AUCiy;, if not specified differently; -, not given; AUC, area under the concentration-time curve; b.i.d., twice daily; cap, capsule; Cmax,
maximum plasma concentration; GMFE, geometric mean fold error; obs, observed; po, oral; pred, predicted; s.d., single dose; tab, tablet.
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Fig. $3.3.7. Correlation of predicted and observed gemfibrozil (upper panel) and gemfibrozil 1-O-
B-glucuronide (lower panel) CL/F and half-life values of all studies. The black line marks the line of
identity. Light grey lines indicate 0.8- to 1.25-fold; dark grey lines indicate 0.5- to 2-fold prediction
acceptance limits. Detailed information about dosing regimens and study populations is given in
Table S3.3.1. The plotted CL/F and half-life values are listed in Table S3.3.5.
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Table $3.3.5. Predicted and observed CL/F and half-life of gemfibrozil and gemfibrozil 1-O-B-glucuronide.

Route Dose CL/F? Pred/Obs Half-life ® Pred/Obs References
[mg] [I/hours] CL/F [hours] Half-life
Gemfibrozil pred obs pred obs
po (cap, s.d.) 30 12.4 14.3 0.87 2.96 1.80 1.64 Honkalammi 2011b [18]
po (cap, b.i.d.) 30 12.5 12.5 1.00 3.13 1.87 1.68 Honkalammi 2012 [19]
po (cap, s.d.) 100 115 11.1 1.04 291 1.96 1.48 Honkalammi 2011b [18]
po (cap, b.i.d.) 100 115 10.5 1.10 3.08 2.37 1.30 Honkalammi 2012 [19]
po (cap, s.d.) 300 10.3 9.58 1.07 2.82 2.43 1.16 Honkalammi 2011b [18]
po (cap, s.d.) 300 - - - 1.04 1.34 0.78 Randinitis 1984 [20]
po (cap, s.d.) 300 - - - 3.37 1.02 3.32 Randinitis 1986 [21]
po (cap, s.d.) 300 115 7.59 1.52 1.98 1.25 1.58 Rouini 2006 [22]
po (-, s.d.) 450 - - - 4.94 5.55 0.89 Nakagawa 1991 [23]
(tab s.d.) 600 10.1 7.00 1.44 4.05 2.23 1.81 ApotexCorp. 1998 Ref [24]
po (tab, s.d.) 600 10.1 6.91 1.46 4.05 1.68 241 ApotexCorp. 1998 Test [24]
po (tab, s.d.) 600 10.1 5.77 1.74 4.93 4.87 1.01 Busse 2009 [25]
po (-, s.d.) 600 9.92 9.38 1.06 5.13 7.23 0.71 Gonzales-Pefias 2001[26]
(tab s.d.) 600 8.06 8.53 0.94 1.08 1.50 0.72 Honkalammi 2011a [27]
po (cap, s.d.) 600 10.0 7.04 1.42 1.00 1.51 0.66 Rouini 2006 [22]
po (cap, s.d.) 600 10.2 6.89 1.47 0.80 1.00 0.80 Rouini 2008 [28]
po (tab, s.d.) 600 9.89 7.14 1.38 3.89 1.56 2.49 Su 2010 [29]
po (tab, b.i.d.) 600 10.2 9.87 1.03 2.82 1.51 1.87 Backman 2009 [30]
po (cap, b.i.d.) 600 8.89 7.69 1.15 2.80 2.47 1.13 Honkalammi 2012 [19]
po (tab, b.i.d.) 600 10.3 5.71 1.81 1.17 1.54 0.76 Tornio 2008 [31]
po (cap, s.d.) 900 7.82 7.00 1.12 2.49 2.27 1.10 Honkalammi 2011b [18]
po (cap, s.d.) 900 - - - 4.46 5.82 0.77 Knauf 1990 [32]
po (cap, s.d.) 900 8.80 6.26 1.41 1.00 1.50 0.67 Rouini 2006 [22]
GMFE (range) 1.26 (1.00-1.81) 1.50 (1.01-3.32)
Pred/Obs within 2-fold  19/19 20/23
Gemfibrozil 1-O-B-glucuronide pred obs
po (cap, s.d.) 30 3.23 1.84 1.76 Honkalammi 2011b [18]
po (cap, b.i.d.) 30 3.74 2.04 1.83 Honkalammi 2012 [19]
po (cap, s.d.) 100 3.01 1.82 1.65 Honkalammi 2011b [18]

continued...
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continued...

Route Dose Half-life Pred/Obs References

[mg] [hours] Half-life
po (cap, b.i.d.) 100 3.45 2.18 1.59 Honkalammi 2012 [19]
po (cap, s.d.) 300 2.54 2.06 1.23 Honkalammi 2011b [18]
po (tab, s.d.) 600 2.84 1.78 1.60 Honkalammi 2011a [27]
po (tab, b.i.d.) 600 4.37 1.88 2.32 Backman 2009 [30]
po (cap, b.i.d.) 600 4.33 1.97 2.20 Honkalammi 2012 [19]
po (tab, b.i.d.) 600 2.96 1.98 1.49 Tornio 2008 [31]
po (cap, s.d.) 900 3.59 2.16 1.66 Honkalammi 2011b [18]

GMFE (range) 1.71(1.23-2.32)

Pred/Obs within 2-fold

8/10

3, calculated from dose/AUC; ®, calculated for observed and predicted concentration-time profiles (same time points for observed and predicted values); -, not given; AUC, area under the concentration-
time curve; b.i.d., twice daily; cap, capsule; CL/F, oral clearance; GMFE, geometric mean fold error; obs, observed; po, oral; pred, predicted; s.d., single dose; tab, tablet.
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Sensitivity analysis - gemfibrozil

Lipophilicity Gemfi 2.72
keat (UGT2B7) Gemfi -0.98
Fraction unbound Gemfi -0.98
Ku (UGT2B7) Gemfi 0.63
keat (hepatic uptake) Gemfi -0.52
Km (hepatic uptake) Gemfi 0.43
Spec. intest. perm. Gemfit 0.06
GFR fraction Gemfi [-0.01
Solubility Gemfi-glu | 0
Solubility Gemfi} o
Lipophilicity Gemfi-glu 0
Kw (OATP1B1) Gemfi-glut 0
Kw (MRP2) Gemfi-glut 0
Ki (OATP1B1) Gemfi-glut 0
K (OATP1B1) Gemfi} o0
Keat (OATP1B1) Gemfi-glut o
Keat (MRP2) Gemfi-glut o
GFR fraction Gemfi-glut o0
Fraction unbound Gemfi-glut o
Blood/plasma ratio Gemfi-glut o0

Blood/plasma ratio Gemfi} o

0.5 1 1.5 2 25 3
Sensitivity, ranked by absolute value

Fig. $3.3.8. Sensitivity analysis of the gemfibrozil model. Sensitivity of the model to single
parameters, determined as change of the simulated AUC from time of the last dose extrapolated to
infinity of an oral 600 mg twice daily administration of gemfibrozil. A sensitivity value of -0.5
indicates a 50% decrease of the simulated AUC for the examined parameter increase of 100%.
Gemfi, gemfibrozil; Gemfi-glu, gemfibrozil 1-O-B-glucuronide; GFR, glomerular filtration rate;
intest., intestinal; kct, catalytic rate constant; Ki, inhibitory constant; Ku, Michaelis-Menten
constant; MRP, multidrug resistance-associated protein; OATP, organic-anion-transporting
polypeptide; perm., permeability; spec., specific; UGT, UDP-glucuronosyltransferase.
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Sensitivity analysis - gemfibrozil 1-O-B-glucuronide

Lipophilicity Gemfi-glu 573
Keat (MRP2) Gemfi-glu -2.96
Lipophilicity Gemfi 2.23
Kw (MRP2) Gemfi-glu 1.37
Fraction unbound Gemfi-glu -1.04
Keat (OATP1B1) Gemfi-glu -0.67
Kw (OATP1B1) Gemfi-glu| 0.17
GFR fraction Gemfi-glu | -0.15
Solubility Gemfi-glu +  0.12
keat (UGT2B7) Gemfi - 0.08
Fraction unbound Gemfi t 0.07
Kw (UGT2B7) Gemfi t -0.06
Spec. intest. perm. Gemfi } 0.02
kcat (hepatic uptake) Gemfi 1 0.01
Km (hepatic uptake) Gemfi }-0.01
GFR fraction Gemfi -0.01
Ki (OATP1B1) Gemfi+ o
Solubility Gemfi| o
Ki (OATP1B1) Gemfi-glut 0
Blood/plasma ratio Gemfi-glut 0

Blood/plasma ratio Gemfi} 0

0.5 1 15 2 25 3 3.5 4 45 5 55 6
Sensitivity, ranked by absolute value

Fig. S3.3.9. Sensitivity analysis of the gemfibrozil 1-O-B-glucuronide model. Sensitivity of the model
to single parameters, determined as change of the simulated AUC from time of the last dose
extrapolated to infinity of an oral 600 mg twice daily administration of the parent drug gemfibrozil.
A sensitivity value of -0.5 indicates a 50% decrease of the simulated AUC for the examined
parameter increase of 100%.

Gemfi, gemfibrozil; Gemfi-glu, gemfibrozil 1-O-B-glucuronide; GFR, glomerular filtration rate;
intest., intestinal; kcat, catalytic rate constant; Ki, inhibitory constant; Kv, Michaelis-Menten
constant; MRP, multidrug resistance-associated protein; OATP, organic-anion-transporting
polypeptide; perm., permeability; spec., specific; UGT, UDP-glucuronosyltransferase.
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a) Sensitivity analysis - gemfibrozil
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b) Sensitivity analysis - gemfibrozil 1-O-B-glucuronide
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A Ky (OATP1B1) Gemfi-glu k.t (hepatic uptake) Gemfi @ Blood/plasma ratio Gemfi

Fig. $3.3.10. Sensitivity analysis spider plots of the gemfibrozil (a) and gemfibrozil 1-O-8-
glucuronide (b) parent-metabolite model. The fold change of AUC is shown as a function of the fold
change of the parameter values within a 0.03-fold to 30-fold range. A log(fold change) = 1 equals a
parameter perturbation of 100% as shown in the sensitivity analysis bar plots. Literature value
parameters are shown as circles, optimized parameters are shown as triangles. Lipophilicity was
changed only to a maximum absolute value of 10.
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3.4 Repaglinide model development

Repaglinide is applied in the treatment of type 2 diabetes mellitus and elicits a glucose-independent
insulin release. It is a sensitive CYP2C8 substrate [14].

The repaglinide model was developed using 56 studies of oral single dose administration of 0.25 —
4 mg repaglinide and of oral administration of 2 mg three times daily (Table S3.4.1).

The model applies hepatic uptake of repaglinide via OATP1B1 and OATP1B3, metabolism by CYP2C8
and CYP3A4 and glomerular filtration. The fractions transported via OATP1B1 and OATP1B3 during
the hepatic uptake of repaglinide (same Kv value assumed [44]) were identified with the help of
plasma concentration-time profiles of subjects with the SLCO1B1 521CC genotype. The fraction
metabolized by CYP2C8 was set to 89%, according to the findings of a gemfibrozil-repaglinide
interaction study [18]. To describe the repaglinide plasma concentration-time profiles of individuals
carrying the high activity CYP2C8*3 allele, CYP2C8 was implemented as two enzymes with halved
reference concentrations (Table S3.9.1), using the same literature Kv value for the *1 and *3 CYP2C8
variants and two different optimized kcat values (Table S3.4.2). The same approach was used to
implement the SLCO1B1 variants for SLCO1B1 521T>C and SLCO1B1 -11187G>A allele carriers. To
incorporate the polymorphic CYP2C8 and OATP1B1, the parameters of a previously developed
model without polymorphisms were fixed, polymorphic enzymes / transporters were integrated and
their keat values were optimized using clinical studies of repaglinide in volunteers with different
respective genotypes. The parameters of the final repaglinide model are given in Table $3.4.2.

The good descriptive (internal data set) and predictive (external data set) performance of the
repaglinide model is demonstrated in semilogarithmic (Figs. S3.4.1 and S3.4.3) as well as linear plots
(Figs. S3.4.2 and S3.4.4) of population predicted compared to observed plasma concentration-time
profiles of all clinical studies. Furthermore, goodness of fit plots comparing predicted versus
observed plasma concentrations for repaglinide are presented (Fig. S3.4.5) and MRD values for each
study are given in Table S3.4.3. Correlation of predicted and observed AUC, Cmax, CL/F and half-life
values is presented in Figs. $S3.4.6 and S3.4.7, and the corresponding values are given in Tables S3.4.4
and S3.4.5, including calculated model GMFE values.

Sensitivity analysis of a simulation of oral 4 mg repaglinide four times daily with a parameter
perturbation of 100% and a sensitivity threshold value of 0.5 reveals that the repaglinide model is
sensitive to the fraction unbound in plasma (optimized), the CYP2C8 catalytic rate constant
(optimized), the CYP2C8 Michaelis-Menten constant (literature value), the repaglinide lipophilicity
(optimized), the specific organ permeability (optimized), the OATP1B1 catalytic rate constant
(optimized) and the OATP1B1 Michaelis-Menten constant (literature value) (Fig. S3.4.8). A
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sensitivity analysis spider plot showing the change of AUC over a parameter variation range of 0.03-

fold up to 30-fold is presented in Fig. S3.4.9.
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Table S3.4.1. Clinical study data of repaglinide used for PBPK model development.

Route Dose n Females Age Weight CYP2C8 SLCO1B1 Dataset References
[mg] [%] [years] [kg] genotype genotype
Repaglinide
iv, (15 min, s.d.) 2 12 0 18-45 - - - e Hatorp 1998 [45]
po (tab, s.d.) 0.25 9 22 19-25 64-87 - - e Backman 2009 [30]
po (tab, s.d.) 0.25 10 50 31-34 - - - e Honkalammi 2011a [27]
po (tab, s.d.) 0.25 10 10 20-26 (23) 60-88 (73) - - i Honkalammi 2011b [18]
po (tab, s.d.) 0.25 10 40 21-30 (24) 64-88 (75) - - e Honkalammi 2012 [19]
po (tab, s.d.) 0.25 12 0 19-25 (23) 56-100 (75) - - e Kajosaari 2005b [46]
po (tab, s.d.) 0.25 12 33 18-24 52-85 - e Kajosaari 2006a [47]
po (tab, s.d.) 0.25 12 17 21-28 (24) 57-100 (71) - e Kajosaari 2006b [48]
po (tab, s.d.) 0.25 12 25 (24) (75) 521TT e Kalliokoski 2008b [49]
po (tab, s.d.) 0.25 6 17 (23) (74) - 521TC e Kalliokoski 2008b [49]
po (tab, s.d.) 0.25 6 17 (23) (75) - 521CC e Kalliokoski 2008b [49]
po (tab, s.d.) 0.25 12 58 (24) (71) - 521TT i Kalliokoski 2008c [50]
po (tab, s.d.) 0.25 8 63 (24) (70) - 521CC i Kalliokoski 2008c [50]
po (tab, s.d.) 0.25 9 44 22-27 (24.0) 52-83 (67.4) - - e Niemi 2001 [51]
po (tab, s.d.) 0.25 12 67 20-24 46-84 - - e Niemi 2003a [52]
po (tab, s.d.) 0.25 28 43 19-27 (22) 46-97 (69) *1/*1: n=19, - i Niemi 2003b [3]
*1/*3: n=6 i
po (tab, s.d.) 0.25 9 11 19-23 62-97 - - e Niemi 2004 [53]
po (tab, s.d.) 0.25 56 20 19-28 (23) 46-100 (73) - 521TT: n=36, e, Niemi 2005 [4]
521TC: n=16; e,
521CC: n=4 e
po (tab, s.d.) 0.25 56 20 19-28 (23) 46-100 (73) - -11187GG: n=48, e Niemi 2005 [4]
-11187GA: n=8 e
po (tab, s.d.) 0.25 56 20 19-28 (23) 46-100 (73) *1/*1: n=41 - e, Niemi 2005 [4]
*1/*3: n=10 e,
*1/*4: n=5 not used
po (tab, s.d.) 0.25 10 10 - 58-98 (79) - - e Tornio 2008 [31]
po (tab, s.d.) 0.5 16 31 (22) (73) - 521TT e Kalliokoski 2008a [54]
po (tab, s.d.) 0.5 12 50 (22) (68) - 521TC e Kalliokoski 2008a [54]
po (tab, s.d.) 0.5 4 25 (22) (78) - 521CcC i Kalliokoski 2008a [54]
continued...
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continued...

Route Dose Females Age Weight CYP2C8 SLCO1B1 Dataset References
[mg] n [%] [years] [kgl genotype genotype
Repaglinide
po (tab, s.d.) 0.5 12 58 (24) (71) - 521TT e Kalliokoski 2008c [50]
po (tab, s.d.) 0.5 8 63 (24) (70) - 521¢cc i Kalliokoski 2008c [50]
po (tab, s.d.) 0.5 9 56 19-25 48-80 - - i Niemi 2000 [55]
po (-, s.d.) 0.5 24 0 (34) (85) - - e Skerjanec 2010 [56]
po (tab, s.d.) 1 12 58 (24) (71) - 521TT e Kalliokoski 2008c [50]
po (tab, s.d.) 1 8 63 (24) (70) - 521CcC i Kalliokoski 2008c [50]
po (tab, s.d.) 2 12 58 (24) (71) - 521TT i Kalliokoski 2008c [50]
po (tab, s.d.) 2 8 63 (24) (70) - 521CcC i Kalliokoski 2008c [50]
po (tab, s.d.) 2 70 0 18-55 - - - i EMA 2011 Ref [57]
po (tab, s.d.) 2 70 0 18-55 - - - e EMA 2011 Test [57]
po (sol, s.d.) 2 24 0 18-49 - - e Hatorp 1998 [45]
po (tab, s.d.), 2 24 0 18-49 - - i Hatorp 1998 [45]
po (-, s.d.) 2 12 50 18-40 (32.7) 63.6-102.2 (79.9) - - e Hatorp 1999 [58]
po (tab, s.d.) 2 7 0 (24.0) (67.3) - 521TC e He 2011 [59]
po (tab, s.d.) 2 21 0 (24.2) (60.2) - 521TT: n=14, e, Pei 2018 (1) [60]
521TC: n=7 e
po (tab, s.d.) 2 212 0 (24.2) (60.2) - 521TT: n=11, e, Pei 2018 (2) [60]
521TC: n=5 e
po (tab, s.d.) 2 29 52 24-64 (35) - *1/*1: n=12, - e, Tomalik-Sch. 2011 [5]
*1/*3: n=13, e,
*3/*3: n=4 e
po (tab, s.d.) 2 22 0 20-29 (24.2) 51-74 (62.6) - - i Zhai 2013 Ref [61]
po (tab, s.d.) 2 22 0 20-29 (24.2) 51-74 (62.6) - - e Zhai 2013 Test [61]
po (tab, s.d.) 2 10 - - - - - i Zhang 2011 [62]
po (-, t.i.d.) 2 12 50 18-40 (32.7) 63.6-102.2 (79.9) - - e Hatorp 1999 [58]
po (-, t.i.d.) 2 6 17 (31.5) (94.2) - - e Marbury 2000 [63]
po (tab, s.d.) 4 12 0 42-62 (53.2) 60.0-95.9 (78.5) - - e Hatorp 2000 [64]

2 5 subjects quit the trial - n=16; values for age and weight are given as range (mean); -, not given; CYP, cytochrome P450; e, external data set (model evaluation); i, internal data set (model building);
iv, intravenous; n, number of individuals studied; po, oral; s.d., single dose; SLCO, solute carrier organic anion transporter family member; sol, solution; tab, tablet; t.i.d., three times daily.
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Table S3.4.2. Drug-dependent parameters of the final repaglinide model.

Parameter Unit Repaglinide model  Repaglinide literature Description
Repaglinide
MW g/mol 452.60 Molecular weight
pKa 4.16 (acidic), 3.68, 3.96, 4.16, 4.19 [34,36,65] ?, Acid dissociation constant

6.01 (basic) 4.82,5.78, 6.01, 6.20 [34,36,65] @
Solubility (pH) mg/| 140.86 (7.4) 140.86, 200 (7.4) [66,67] Solubility
logP 2.72 3.95, 3.98, 4.87, 5.05 [34,36,65] ® Lipophilicity
fu 0.029 0.015, 0.026, 0.036 [63,64,68] Fraction unbound plasma
CYP2C8 Km ® umol/l 2.8 [16] CYP2C8 Michaelis-Menten constant
CYP2C8 keat 1/min 4.56 n.a. CYP2C8 catalytic rate constant
CYP2C8 (CYP2C8*1) Kcat 1/min 2.91 n.a CYP2C8 catalytic rate constant
CYP2C8 (CYP2C8*3) Kecat 1/min 9.03 n.a. CYP2C8 catalytic rate constant
CYP3A4 Km umol/l  15.6 [16] CYP3A4 Michaelis-Menten constant
CYP3A4 Keat 1/min 0.86 n.a. CYP3A4 catalytic rate constant
OATP1B1 Km© umol/I 12.8 [44] ¢ OATP1B1 Michaelis-Menten constant
OATP1B1 Keat 1/min 1600.24 n.a. OATP1B1 catalytic rate constant
OATP1B1 (SLCO1B1 521T) kecat 1/min 2161.15 n.a. OATP1B1 catalytic rate constant
OATP1B1 (SLCO1B1 521C) Kcat 1/min 620.47 n.a. OATP1B1 catalytic rate constant
OATP1B1 (SLCO1B1 -11187G) Kcat 1/min 1535.86 n.a. OATP1B1 catalytic rate constant
OATP1B1 (SLCO1B1 -11187A) kcat 1/min 19.23 n.a. OATP1B1 catalytic rate constant
OATP1B3 Km umol/I 12.8 [44]¢ OATP1B3 Michaelis-Menten constant
OATP1B3 keat 1/min 551.24 n.a. OATP1B3 catalytic rate constant
GFR fraction 1 Fraction of GFR used for passive elimination by the kidney
Formulation tab/weibull © [69] Formulation used in predictions
Cell permeabilities calculated Charge-dependent Schmitt [41] Permeation across cell membranes
Partition coefficients calculated Schmitt [70] Organ-plasma partition coefficients
Specific intestinal perm. cm/min  0.04 n.a. Normalized to surface area
Specific organ perm. cm/min  2.02E-05 n.a. Normalized to surface area

a DrugBank entry for repaglinide. https //www.drugbank.ca/drugs/DB00912. Accessed 26 Jul 2018; ®, CYP2C8 Michaelis Menten constant assumed for CYP2C8 genotype unknown, CYP2C8*1 and
CYP2C8*3 alleles; ¢, OATP1B1 Michaelis-Menten constant assumed for OATP1B1 genotype unknown, SLCO1B1 521T, SLCO1B1 521C, SLCO1B1 -11187G and SLCO1B1 -11187A alleles; ¢, repaglinide
hepatic uptake unbound affinity constant; © tab: tablet dissolution profile from literature [69], weibull: weibull function with dissolution time 53.65 minutes (50% dissolved) and dissolution shape 0.66
used for 5 studies; CYP, cytochrome P450; GFR, glomerular filtration rate; n.a., not available; OATP, organic-anion-transporting polypeptide; perm, permeability; SLCO, solute carrier organic anion
transporter family member.
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(a) Repaglinide - iv, 2 mg, 15 min inf, s.d.

(b) Repaglinide - po, 0.25 mg, s.d.
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(i) Repaglinide - po
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(s) Repaglinide - po, 2 mg, s.d.
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Fig. $3.4.1. Repaglinide plasma concentration-time profiles (semilogarithmic). Observed data are
shown as triangles + SD. Population simulation arithmetic means or geometric means (c, e) are
shown as green lines; the shaded areas represent the 68% population prediction intervals. Detailed
information about dosing regimens and study populations is given in Table $3.4.1. Predicted and

observed AUC and Cnax values are compared in Table $3.4.4.
conc, concentation; inf, infusion; s.d., single dose; t.i.d., three times daily.
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(a) Repaglinide - iv, 2 mg, 15 min inf, s.d.
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(i) Repaglinide - po, 0.25 mg, s.d.

(k) Repaglinide - po, 0.25 mg, s.d.

(I) Repaglinide - po, 0.25 mg, s.d.
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(s) Repaglinide - po, 2 mg, s.d.

() Repaglinide - po, 2 mg, s.d.

(u) Repaglinide - po, 2 mg, s.d.
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Fig. S3.4.2. Repaglinide plasma concentration-time profiles (linear). Observed data are shown as
triangles + SD. Population simulation arithmetic means or geometric means (c, e) are shown as green
lines; the shaded areas represent the 68% population prediction intervals. Detailed information
about dosing regimens and study populations is given in Table S3.4.1. Predicted and observed AUC
and Cmax values are compared in Table S3.4.4.

conc, concentration; inf, infusion; s.d., single dose; t.i.d., three times daily.
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(I) Repaglinide - po, 0.25 mg, s.d.
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Fig. $3.4.3. Repaglinide plasma concentration-time profiles (semilogarithmic, polymorphism).
Observed data are shown as triangles + SD. Population simulation arithmetic means are shown as
lines; the shaded areas represent the 68% population prediction intervals. Detailed information
about dosing regimens and study populations is given in Table S3.4.1. Predicted and observed AUC
and Cmax values are compared in Table S3.4.4.

conc, concentration; s.d., single dose.
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(I) Repaglinide - po, 0.25 mg, s.d.

(m) Repaglinide - po, 0.25 mg, s.d.

(n) Repaglinide - po, 2 mg, s.d.
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Fig. S3.4.4. Repaglinide plasma concentration-time profiles (linear, polymorphism). Observed data
are shown as triangles + SD. Population simulation arithmetic means are shown as lines; the shaded
areas represent the 68% population prediction intervals. Detailed information about dosing
regimens and study populations is given in Table S3.4.1. Predicted and observed AUC and Cmax values

are compared in Table S3.4.4.

conc, concentration; s.d., single dose.
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(a) Goodness of fit plot - repaglinide
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(b) Goodness of fit plot - repaglinide polymorphism
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Fig. S3.4.5. Goodness of fit plot. Comparison of predicted versus observed repaglinide plasma
concentration values of all studies of subjects with unknown genotypes (a) and of subjects with
CYP2(C8 or SLCO1B1 polymorphisms (b). The black line marks the line of identity. Light grey lines
indicate 0.8- to 1.25-fold; dark grey lines indicate 0.5- to 2-fold prediction acceptance limits.
Detailed information about dosing regimens and study populations is given in Table §3.4.1.

*1/*1, CYP2C8*1/*1; *1/*3, CYP2C8*1/*3; *3/*3, CYP2C8*3/*3; CC, SLCO1B1 521CC; GA, SLCO1B1

-11187GA; GG, SLCO1B1 521GG; TC, SLCO1B1 521TC; TT, SLCO1B1 521TT.
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Table S3.4.3. Mean relative deviation values of repaglinide plasma concentration predictions.

Route Dose CYP2C8 SLCO1B1 MRD References

[mg] genotype genotype
Repaglinide
iv, (15 min, s.d.) 2 - - 1.17 Hatorp 1998 [45]
po (tab, s.d.) 0.25 - - 1.29 Backman 2009 [30]
po (tab, s.d.) 0.25 - - 1.26 Honkalammi 2011a [27]
po (tab, s.d.) 0.25 - - 1.37 Honkalammi 2011b [18]
po (tab, s.d.) 0.25 - - 1.53 Honkalammi 2012 [19]
po (tab, s.d.) 0.25 - - 1.45 Kajosaari 2005b [46]
po (tab, s.d.) 0.25 - - 1.72 Kajosaari 2006a [47]
po (tab, s.d.) 0.25 - - 2.55 Kajosaari 2006b [48]
po (tab, s.d.) 0.25 - 521TT 1.31 Kalliokoski 2008b [49]
po (tab, s.d.) 0.25 - 5211C 1.54 Kalliokoski 2008b [49]
po (tab, s.d.) 0.25 - 521CC 1.07 Kalliokoski 2008b [49]
po (tab, s.d.) 0.25 - 521TT 1.38 Kalliokoski 2008c [50]
po (tab, s.d.) 0.25 - 521CcC 1.19 Kalliokoski 2008c [50]
po (tab, s.d.) 0.25 - - 1.20 Niemi 2001 [51]
po (tab, s.d.) 0.25 - - 1.29 Niemi 2003a [52]
po (tab, s.d.) 0.25 *1/%1 - 1.37 Niemi 2003b [3]
po (tab, s.d.) 0.25 *1/%3 - 1.31 Niemi 2003b [3]
po (tab, s.d.) 0.25 - - 1.37 Niemi 2004 [53]
po (tab, s.d.) 0.25 - 521TT 1.57 Niemi 2005 [4]
po (tab, s.d.) 0.25 - 521TC 1.70 Niemi 2005 [4]
po (tab, s.d.) 0.25 - 521CcC 1.47 Niemi 2005 [4]
po (tab, s.d.) 0.25 - -11187GG 1.55 Niemi 2005 [4]
po (tab, s.d.) 0.25 - -11187GA 1.21 Niemi 2005 [4]
po (tab, s.d.) 0.25 *1/%1 - 1.92 Niemi 2005 [4]
po (tab, s.d.) 0.25 *1/*3 - 2.22 Niemi 2005 [4]
po (tab, s.d.) 0.25 - - 1.35 Tornio 2008 [31]
po (tab, s.d.) 0.5 - 521TT 1.15 Kalliokoski 2008a [54]
po (tab, s.d.) 0.5 - 521TC 1.43 Kalliokoski 2008a [54]
po (tab, s.d.) 0.5 - 521Cc 1.14 Kalliokoski 2008a [54]
po (tab, s.d.) 0.5 - 521TT 1.17 Kalliokoski 2008c [50]
po (tab, s.d.) 0.5 - 521CcC 1.14 Kalliokoski 2008c [50]
po (tab, s.d.) 0.5 - - 1.25 Niemi 2000 [55]
po (-, s.d.) 0.5 - - 1.65 Skerjanec 2010 [56]
po (tab, s.d.) 1 - 521TT 1.33 Kalliokoski 2008c [50]
po (tab, s.d.) 1 - 521CcC 1.28 Kalliokoski 2008c [50]
po (tab, s.d.) 2 - 521TT 1.30 Kalliokoski 2008c [50]
po (tab, s.d.) 2 - 521cC 1.24 Kalliokoski 2008c [50]
po (tab, s.d.) 2 - - 1.53 EMA 2011 Ref [57]
po (tab, s.d.) 2 - - 1.30 EMA 2011 Test [57]
po (sol, s.d.) 2 - - 1.35 Hatorp 1998 [45]
po (tab, s.d.), 2 - - 1.48 Hatorp 1998 [45]
po (-, s.d.) 2 - - 1.74 Hatorp 1999 [58]
po (tab, s.d.) 2 - 521TC 2.43 He 2011 [59]
po (tab, s.d.) 2 - 521TT 1.15 Pei 2018 (1) [60]
po (tab, s.d.) 2 - 521TC 1.43 Pei 2018 (1) [60]
po (tab, s.d.) 2 - 521TT 1.17 Pei 2018 (2) [60]
po (tab, s.d.) 2 - 521TC 1.43 Pei 2018 (2) [60]

continued...
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continued...

Route Dose CYP2C8 SLCO1B1 MRD References
[mg] genotype genotype
Repaglinide
po (tab, s.d.) 2 *1/*1 - 1.35 Tomalik-Sch. 2011 [5]
po (tab, s.d.) 2 *1/*3 - 2.31 Tomalik-Sch. 2011 [5]
po (tab, s.d.) 2 *3/*3 - 2.39 Tomalik-Sch. 2011 [5]
po (tab, s.d.) 2 - - 1.29 Zhai 2013 Ref [61]
po (tab, s.d.) 2 - - 1.37 Zhai 2013 Test [61]
po (tab, s.d.) 2 - - 1.52 Zhang 2011 [62]
po (-, t.i.d.) 2 - - 3.02 Hatorp 1999 [58]
po (-, t.i.d.) 2 - - 1.52 Marbury 2000 [63]
po (tab, s.d.) 4 - - 1.29 Hatorp 2000 [64]
MRD (mean) 1.49
MRD<2 50/56

-, not given; CYP, cytochrome P450; iv, intravenous; MRD, mean relative deviation; po, oral; s.d., single dose; sol, solution; tab,

tablet; SLCO, solute carrier organic anion transporter family member t.i.d., three times daily.
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Fig. $3.4.6. Correlation of predicted and observed repaglinide AUC and Cmax values of all studies.
The black line marks the line of identity. Light grey lines indicate 0.8- to 1.25-fold; dark grey lines

indicate 0.5- to 2-fold prediction acceptance limits. Detailed information about dosing regimens and

study populations is given in Table S3.4.1. The plotted AUC and Cnax values are listed in Table S3.4.4.
*1/*1, CYP2C8*1/*1; *1/*3, CYP2C8*1/*3; *3/*3, CYP2C8*3/*3; CC, SLCO1B1 521CC; GA, SLCO1B1
-11187GA; GG, SLCO1B1 521GG; TC, SLCO1B1 521TC; TT, SLCO1B1 521TT.
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Table S3.4.4. Predicted and observed AUC and Cp.x values of repaglinide.

Route Dose CYP2C8 SLcOo1B1 AUC Pred/Obs Crmax Pred/Obs References

[mg] genotype genotype [ng*hours/ml] AUC [ng/ml] Crmax
Repaglinide pred obs pred obs
iv, (15 min, s.d.) 2 - - - - - - - - Hatorp 1998 [45]
po (tab, s.d.) 0.25 - - 54 4.3 1.26 3.44 2.87 1.20 Backman 2009 [30]
po (tab, s.d.) 0.25 - - 6.0 5.6 1.15 4.06 3.91 1.04 Honkalammi 2011a [27]
po (tab, s.d.) 0.25 - - 54 4.7 1.07 3.55 3.79 0.94 Honkalammi 2011b [18]
po (tab, s.d.) 0.25 - - 54 4.7 1.15 3.43 4.15 0.83 Honkalammi 2012 [19]
po (tab, s.d.) 0.25 - - 4.84 4.44 1.09 3.18 3.51 0.90 Kajosaari 2005b [46]
po (tab, s.d.) 0.25 - - 4.8 3.9 1.23 3.18 3.27 0.97 Kajosaari 2006a [47]
po (tab, s.d.) 0.25 - - 5.5 3.8 1.45 3.55 3.19 1.11 Kajosaari 2006b [48]
po (tab, s.d.) 0.25 - 521TT 4.6 4.5 1.02 3.10 3.32 0.93 Kalliokoski 2008b [49]
po (tab, s.d.) 0.25 - 521TC 5.9 5.1 1.16 3.74 3.54 1.06 Kalliokoski 2008b [49]
po (tab, s.d.) 0.25 - 521CC 7.9 7.8 1.01 4,53 4.79 0.94 Kalliokoski 2008b [49]
po (tab, s.d.) 0.25 - 521TT 5.1 4.7 1.09 3.45 3.37 1.03 Kalliokoski 2008c [50]
po (tab, s.d.) 0.25 - 521Cc 8.8 8.6 1.02 4.92 5.62 0.88 Kalliokoski 2008c [50]
po (tab, s.d.) 0.25 - - 5.4 53 1.02 3.68 4.15 0.89 Niemi 2001 [51]
po (tab, s.d.) 0.25 - - 6.0 7.9 0.76 4.06 6.10 0.67 Niemi 2003a [52]
po (tab, s.d.) 0.25 *1/*1 - 8.1 7.5 1.08 4.63 5.77 0.80 Niemi 2003b [3]
po (tab, s.d.) 0.25 *1/*3 - 4.5 4.1 1.10 3.24 3.56 0.91 Niemi 2003b [3]
po (tab, s.d.) 0.25 - - 4.7 5.9 0.80 3.18 4.60 0.69 Niemi 2004 [53]
po (tab, s.d.) 0.25 - 521TT 4.6 4.1 1.12 3.21 3.50 0.92 Niemi 2005 [4]
po (tab, s.d.) 0.25 - 521TC 5.8 5.8 1.00 3.77 4.09 0.92 Niemi 2005 [4]
po (tab, s.d.) 0.25 - 521CcC 7.99 11.9 0.67 4.61 8.61 0.54 Niemi 2005 [4]
po (tab, s.d.) 0.25 - -11187GG 5.5 4.8 1.15 3.60 3.85 0.93 Niemi 2005 [4]
po (tab, s.d.) 0.25 - -11187GA 7.4 7.0 1.06 4.40 5.18 0.85 Niemi 2005 [4]
po (tab, s.d.) 0.25 *1/%1 - 7.8 5.7 1.37 4.40 4.39 1.00 Niemi 2005 [4]
po (tab, s.d.) 0.25 *1/*3 - 4.3 3.0 1.43 3.07 2.57 1.19 Niemi 2005 [4]
continued...
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continued...

Route Dose CYP2C8 SLCO1B1 AuC Pred/Obs Cax Pred/Obs References
[mg] genotype genotype [ng*hours/ml] AUC [ng/ml] Crax
Repaglinide pred obs pred obs
po (tab, s.d.) 0.25 - - 4.7 4.9 0.96 3.02 3.59 0.84 Tornio 2008 [31]
po (tab, s.d.) 0.5 - 521TT 9.4 9.7 0.97 6.53 7.26 0.90 Kalliokoski 2008a [54]
po (tab, s.d.) 0.5 - 521T1C 13.0 10.5 1.24 8.43 8.99 0.94 Kalliokoski 2008a [54]
po (tab, s.d.) 0.5 - 521¢cc 16.1 16.7 0.96 8.92 113 0.79 Kalliokoski 2008a [54]
po (tab, s.d.) 0.5 - 521TT 10.3 10.3 1.00 6.92 5.95 1.16 Kalliokoski 2008c [50]
po (tab, s.d.) 0.5 - 521Cc 17.8 18.9 0.94 9.85 11.0 0.90 Kalliokoski 2008c [50]
(tab s.d.) 0.5 - - 12.5 113 1.11 8.03 8.32 0.96 Niemi 2000 [55]
po (-, s.d.) 0.5 - - 9.97 10.4° 0.96 6.04 5.59 1.08 Skerjanec 2010 [56]
(tab s.d.) 1 - 521TT 20.6 19.3 1.07 13.9 14.9 0.93 Kalliokoski 2008c [50]
po (tab, s.d.) 1 - 521CcC 35.6 304 1.17 19.8 21.1 0.94 Kalliokoski 2008c [50]
po (tab, s.d.) 2 - 521TT 41.4 37.2 1.11 27.9 29.0 0.96 Kalliokoski 2008c [50]
po (tab, s.d.) 2 - 521CcC 71.4 80.1 0.89 39.7 50.8 0.78 Kalliokoski 2008c [50]
po (tab, s.d.) 2 - - 39.932 46.501 0.86 11.1 10.2 1.08 EMA 2011 Ref [57]
po (tab, s.d.) 2 - - 39.932  46.087 0.87 11.1 11.3 0.98 EMA 2011 Test [57]
po (sol, s.d.) 2 - 38.8 32.8 1.18 27.0 33.2 0.81 Hatorp 1998 [45]
po (tab, s.d.), 2 - 37.5 36.0 1.04 25.7 24.3 1.06 Hatorp 1998 [45]
po (-, s.d.) 2 - - 45.3 69.0° 0.66 27.6 37.9 0.73 Hatorp 1999 [58]
po (tab, s.d.) 2 - 521TC 57.1 42.4 1.35 35.2 22.4 1.57 He 2011 [59]
po (tab, s.d.) 2 - 521TT 46.07 52.56 0.88 32.3 36.7 0.88 Pei 2018 (1) [60]
po (tab, s.d.) 2 - 521TC 58.06 73.08 0.79 37.8 53.8 0.70 Pei 2018 (1) [60]
po (tab, s.d.) 2 - 521TT 46.07 52.46 0.88 32.3 35.2 0.92 Pei 2018 (2) [60]
po (tab, s.d.) 2 - 521TC 58.06 77.31 0.75 37.8 61.1 0.62 Pei 2018 (2) [60]
(tab s.d.) 2 *1/*1 - 70.13 105.9 0.66 40.3 47.2 0.85 Tomalik-Sch. 2011 [5]
o (tab, s.d.) 2 *1/*3 - 38.9 97.2 0.40 28.2 35.2 0.80 Tomalik-Sch. 2011 [5]
po (tab, s.d.) 2 *3/%3 - 27.2 72.4 0.38 22.1 35.9 0.62 Tomalik-Sch. 2011 [5]
continued...

3-49



continued...

Route Dose CYP2C8 SLcOo1B1 AUC Pred/Obs Crmax Pred/Obs References
[mg] genotype genotype [ng*hours/ml] AUC [ng/ml] Crax
Repaglinide pred obs pred obs
po (tab, s.d.) 2 - - 51.5 49.0 1.05 14.8 13.8 1.07 Zhai 2013 Ref [61]
po (tab, s.d.) 2 - - 51.5 47.9 1.08 14.8 15.5 0.95 Zhai 2013 Test [61]
po (tab, s.d.) 2 - - 40.16  34.77°¢ 1.16 14.2 14.4 0.99 Zhang 2011 [62]
po (-, t.i.d.) 2 - - 46.9 98.1° 0.48 29.4 52.8 0.56 Hatorp 1999 [58]
po (-, t.i.d.) 2 - - 38.1 27.1° 1.41 234 15.1 1.55 Marbury 2000 [63]
po (tab, s.d.) 4 - - 85.4 91.6° 0.93 52.0 384 1.35 Hatorp 2000 [64]
GMFE (range)  1.21 (1.00-2.66) 1.19 (1.00-1.87)
Pred/Obs within 2-fold  52/55 55/55

3 AUCo.12, °, AUCo.g; ¢, AUCqe; AUC values are AUCy, if not specified differently; -, not given; AUC, area under the concentration-time curve; Cpay, maximum plasma concentration; CYP, cytochrome
P450; GMFE, geometric mean fold error; iv, intravenous; obs, observed;; po, oral; pred, predicted; s.d., single dose; SLCO, solute carrier organic anion transporter family member ; sol, solution; tab,
tablet; t.i.d., three times daily.
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Fig. S3.4.7. Correlation of predicted and observed repaglinide CL/F (a, c) and half-life values (b, d)
of all studies. The black line marks the line of identity. Light grey lines indicate 0.8- to 1.25-fold; dark
grey lines indicate 0.5- to 2-fold prediction acceptance limits. Detailed information about dosing
regimens and study populations is given in Table S3.4.1. The plotted values for CL/F and half-life
values are listed in Table S3.4.5.
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Table $3.4.5. Predicted and observed CL/F and half-life of repaglinide.

Route Dose CYP2C8 SLCO1B1 CL/F? Pred/Obs Half-life ® Pred/Obs References

[mg] genotype genotype [I/hours] CL/F [hours] Half-life
Repaglinide pred obs pred obs
iv, (15 min, s.d.) 2 - - - - - 1.02 0.85 1.19 Hatorp 1998 [45]
po (tab, s.d.) 0.25 - - 46.2 58.1 0.79 2.32 1.95 1.19 Backman 2009 [30]
po (tab, s.d.) 0.25 - - 46.3 53.2 0.87 2.27 1.55 1.46 Honkalammi 2011a [27]
po (tab, s.d.) 0.25 - - 41.4 44.6 0.93 2.42 2.04 1.19 Honkalammi 2011b [18]
po (tab, s.d.) 0.25 - - 46.5 53.2 0.87 2.35 2.00 1.17 Honkalammi 2012 [19]
po (tab, s.d.) 0.25 - - 51.6 56.3 0.92 2.72 1.78 1.53 Kajosaari 2005b [46]
po (tab, s.d.) 0.25 - - 52.1 64.1 0.81 2.72 1.72 1.58 Kajosaari 2006a [47]
po (tab, s.d.) 0.25 - - 45.8 65.8 0.70 3.62 1.26 2.88 Kajosaari 2006b [48]
po (tab, s.d.) 0.25 - 521TT 54.8 55.6 0.99 2.48 1.28 1.93 Kalliokoski 2008b [49]
po (tab, s.d.) 0.25 - 521TC 42.3 49.0 0.86 2.38 1.15 2.07 Kalliokoski 2008b [49]
po (tab, s.d.) 0.25 - 521CC 31.4 32.1 0.98 2.14 2.00 1.07 Kalliokoski 2008b [49]
po (tab, s.d.) 0.25 - 521TT 48.7 53.2 0.92 1.69 1.04 1.63 Kalliokoski 2008c [50]
po (tab, s.d.) 0.25 - 521CC 28.2 29.1 0.97 1.84 1.49 1.23 Kalliokoski 2008¢ [50]
po (tab, s.d.) 0.25 - - 46.5 47.2 0.98 1.86 1.56 1.19 Niemi 2001 [51]
po (tab, s.d.) 0.25 - - 41.9 31.6 1.32 1.37 0.92 1.48 Niemi 2003a [52]
po (tab, s.d.) 0.25 *1/*1 - 30.7 33.0 0.92 1.78 1.49 1.19 Niemi 2003b [3]
po (tab, s.d.) 0.25 *1/*3 - 55.9 61.0 0.92 1.81 1.49 1.22 Niemi 2003b [3]
po (tab, s.d.) 0.25 - - 53.0 42.4 1.25 2.06 1.10 1.87 Niemi 2004 [53]
po (tab, s.d.) 0.25 - 521TT 54.1 61.0 0.89 1.81 0.98 1.84 Niemi 2005 [4]
po (tab, s.d.) 0.25 - 521TC 42.8 43.1 0.99 1.80 0.86 2.10 Niemi 2005 [4]
po (tab, s.d.) 0.25 - 521CC 31.3 21.0 1.49 1.83 1.64 1.11 Niemi 2005 [4]
po (tab, s.d.) 0.25 - -11187GG 45.9 52.1 0.88 1.80 0.99 1.81 Niemi 2005 [4]
po (tab, s.d.) 0.25 - -11187GA 33.8 35.7 0.95 1.81 1.64 1.10 Niemi 2005 [4]
po (tab, s.d.) 0.25 *1/*1 - 32.2 43.9 0.73 1.81 1.04 1.73 Niemi 2005 [4]
po (tab, s.d.) 0.25 *1/*3 - 58.6 83.3 0.70 1.83 0.84 2.18 Niemi 2005 [4]
continued...
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continued...

Route Dose CYP2C8 SLCcO1B1 CL/F Pred/Obs Half-life Pred/Obs References
[mg] genotype genotype [I/hours] CL/F [hours] Half-life
Repaglinide pred obs pred obs
po (tab, s.d.) 0.25 - - 53.6 51.0 1.05 2.04 1.15 1.78 Tornio 2008 [31]
po (tab, s.d.) 0.5 - 521TT 52.9 51.5 1.03 1.78 1.16 1.54 Kalliokoski 2008a [54]
po (tab, s.d.) 0.5 - 521TC 38.4 47.6 0.81 1.68 1.20 1.41 Kalliokoski 2008a [54]
po (tab, s.d.) 0.5 - 521¢cc 311 29.9 1.04 1.84 1.33 1.38 Kalliokoski 2008a [54]
po (tab, s.d.) 0.5 - 521TT 48.6 48.5 1.00 1.68 1.39 1.21 Kalliokoski 2008c [50]
po (tab, s.d.) 0.5 - 521CC 28.2 26.5 1.06 1.84 1.74 1.06 Kalliokoski 2008c [50]
(tab s.d.) 0.5 - - 40.0 44.2 0.90 1.69 1.14 1.48 Niemi 2000 [55]
po (-, s.d.) 0.5 - - 50.1 48.1 1.04 3.86 1.40 2.76 Skerjanec 2010 [56]
(tab s.d.) 1 - 521TT 48.5 51.8 0.94 1.69 1.11 1.52 Kalliokoski 2008c [50]
po (tab, s.d.) 1 - 521CC 28.1 329 0.85 1.84 1.61 1.15 Kalliokoski 2008c [50]
po (tab, s.d.) 2 - 521TT 48.3 53.8 0.90 1.68 1.79 0.94 Kalliokoski 2008c [50]
po (tab, s.d.) 2 - 521CC 28.0 25.0 1.12 1.84 1.67 1.10 Kalliokoski 2008c [50]
po (tab, s.d.) 2 - - 50.1 43.0 1.16 3.75 2.33 1.61 EMA 2011 Ref [57]
po (tab, s.d.) 2 - - 50.1 43.4 1.15 3.75 2.29 1.64 EMA 2011 Test [57]
po (sol, s.d.) 2 - 51.6 61.0 0.85 1.67 1.26 1.33 Hatorp 1998 [45]
po (tab, s.d.), 2 - 53.3 55.6 0.96 1.64 1.31 1.25 Hatorp 1998 [45]
po (-, s.d.) 2 - - 44.1 29.0 1.52 3.11 2.89 1.07 Hatorp 1999 [58]
po (tab, s.d.) 2 - 521TC 35.0 47.2 0.74 2.30 0.94 1.25 He 2011 [59]
po (tab, s.d.) 2 - 521TT 43.4 38.1 1.14 2.28 1.65 1.38 Pei 2018 (1) [60]
po (tab, s.d.) 2 - 521TC 34.4 27.4 1.26 2.22 1.15 1.93 Pei 2018 (1) [60]
po (tab, s.d.) 2 - 521TT 43.4 38.1 1.14 2.28 1.24 1.84 Pei 2018 (2) [60]
po (tab, s.d.) 2 - 521TC 344 259 1.33 2.22 7.43 0.30 Pei 2018 (2) [60]
(tab s.d.) 2 *1/*1 - 28.5 18.9 1.51 1.61 1.34 1.19 Tomalik-Sch. 2011 [5]
o (tab, s.d.) 2 *1/*3 - 52.2 20.6 2.54 1.47 1.39 1.06 Tomalik-Sch. 2011 [5]
po (tab, s.d.) 2 *3/%3 - 73.4 27.6 2.66 1.46 1.17 1.24 Tomalik-Sch. 2011 [5]
continued...
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Route Dose CYP2C8 SLCO1B1 CL/F Pred/Obs Half-life Pred/Obs References
[mg] genotype genotype [I/hours] CL/F [hours] Half-life
Repaglinide pred obs pred obs
po (tab, s.d.) 2 - - 38.8 40.8 0.95 2.16 1.15 1.87 Zhai 2013 Ref [61]
po (tab, s.d.) 2 - - 38.8 41.8 0.93 2.16 1.10 1.97 Zhai 2013 Test [61]
po (tab, s.d.) 2 - - 49.8 57.5 0.87 2.23 1.16 1.92 Zhang 2011 [62]
po (-, t.i.d.) 2 - - 42.6 20.4 2.09 3.26 6.17 0.53 Hatorp 1999 [58]
po (-, t.i.d.) 2 - - 52.5 73.8 0.71 3.81 2.12 1.80 Marbury 2000 [63]
po (tab, s.d.) 4 - - 46.8 43.7 1.07 1.55 1.23 1.26 Hatorp 2000 [64]
GMFE (range)  1.21 (1.00-2.66) 1.52 (1.06-3.35)
Pred/Obs within 2-fold  52/55 49/56

2, calculated from dose/AUC; ®, calculated for observed and predicted concentration-time profiles (same time points for observed and predicted values); -, not given; AUC, area under the concentration-
time curve; CL/F, oral clearance; Cimax, maximum plasma concentration; CYP, cytochrome P450; GMFE, geometric mean fold error; iv, intravenous; obs, observed;; po, oral; pred, predicted; s.d., single
dose; SLCO, solute carrier organic anion transporter family member ; sol, solution; tab, tablet; t.i.d., three times daily.
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Fig. S3.4.8. Sensitivity analysis of the repaglinide model. Sensitivity of the model to single
parameters, determined as change of the simulated AUC from time of the last dose extrapolated to
infinity of an oral 4 mg four times daily administration of repaglinide. A sensitivity value of -0.5
indicates a 50% decrease of the simulated AUC for the examined parameter increase of 100%.

CYP, cytochrome P450; GFR, glomerular filtration rate; intest., intestinal; kcat, catalytic rate constant;
K, OATP,
permeability; spec., specific.

Michaelis-Menten constant; organic-anion-transporting polypeptide; perm.,
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Sensitivity analysis - repaglinide
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Fig. S3.4.9. Sensitivity analysis spider plot of the repaglinide model. The fold change of AUC is
shown as a function of the fold change of the parameter values within a 0.03-fold to 30-fold range.
A log>(fold change) = 1 equals a parameter perturbation of 100% as shown in the sensitivity analysis
bar plot. Literature value parameters are shown as circles, optimized parameters are shown as
triangles. Lipophilicity was changed only to a maximum absolute value of 10.
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3.5 Pioglitazone model development

Pioglitazone is an insulin sensitizer applied in the treatment of type 2 diabetes mellitus. It is a
moderate sensitive CYP2C8 substrate [71].

The pioglitazone model was developed using plasma concentration-time profiles of 13 different
studies of oral single dose administration of 15 — 30 mg pioglitazone and of oral administration of
30 - 45 mg once daily, as well as the pioglitazone fraction excreted unchanged to urine reported in
one study (Table S3.5.1).

The model applies metabolism by CYP2C8 (fraction metabolized of 70-75% [72]), an unspecific
hepatic clearance process (first order kinetics) and glomerular filtration. To describe the
pioglitazone plasma concentration-time profiles of CYP2C8*3 allele carriers, CYP2C8 was
implemented as described for the repaglinide model (Section 3.4). For pioglitazone, different Ku
values were used for CYP2C8*1 (wild type) and CYP2C8*3 (high activity of CYP2C8) as reported in
the literature [8] and the ket values for both genotypes were optimized. To incorporate the
polymorphic CYP2C8, the parameters of a previously developed model without polymorphism were
fixed, CYP2C8*1 and CYP2(C8*3 were integrated and their ket values were optimized using studies
of pioglitazone in volunteers with different CYP2C8 genotypes. The parameters of the final
pioglitazone model are given in Table S3.5.2.

The good descriptive (internal data set) and predictive (external data set) performance of the
pioglitazone model is demonstrated in a semilogarithmic (Fig. S3.5.1) as well as a linear plot (Fig.
S3.5.2) of population predicted compared to observed plasma concentration-time profiles of all clinical
studies. Furthermore, goodness of fit plots comparing predicted versus observed plasma
concentrations for pioglitazone are presented (Fig. $S3.5.3) and MRD values for each study are given
in Table S3.5.3. Correlation of predicted and observed AUC, Cmax, CL/F and half-life values is
presented in Figs. $3.5.4 and S3.5.5, and the corresponding values are given in Tables S3.5.4 and
$3.5.5, including calculated model GMFE values.

Sensitivity analysis of a simulation of oral 45 mg pioglitazone twice daily with a parameter
perturbation of 100% and a sensitivity threshold value of 0.5 reveals that the pioglitazone model is
sensitive to the fraction unbound in plasma (optimized), the pioglitazone lipophilicity (optimized),
the CYP2C8 catalytic rate constant (optimized) and the CYP2C8 Michaelis-Menten constant
(literature value) (Fig. S3.5.6). A sensitivity analysis spider plot showing the change of AUC over a

parameter variation range of 0.03-fold up to 30-fold is presented in Fig. S3.5.7.
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Table $3.5.1. Clinical study data of pioglitazone used for PBPK model development.

Route Dose n Females Age Weight CYP2C8 Data set References
[mg] [%] [years] [kg] genotype
Pioglitazone
po (-, s.d.) 15 15 73 (35) (74.5) *1/*1 e Aquilante 2013 [6]
po (-, s.d.) 15 15 67 (37) (71.0) *3a e Aquilante 2013 [6]
(tab s.d.) 15 10 40 20-35 - - e Itkonen 2016 [72]
po (-, s.d.) 15 12 25 20-27 55-85 - i Jaakkola 2005 [73]
po (-, s.d.) 15 12 33 21-28 56-90 - e Jaakkola 2006b [74]
(tab s.d.) 15 8 50 19-25 (21)® 56-93 (70) *1/*1 i Tornio 2007 [7]
po (tab, s.d.) 15 5 40 19-25 (21)® 60-83 (67) *1/*3 e Tornio 2007 [7]
po (tab, s.d.) 15 3 67 19-25 (21)® 44-79 (64) *3/*3 i Tornio 2007 [7]
po (tab, s.d.) 15 26 0 - - - i Xue 2003 [75]
po (tab, s.d.) 30 24 0 20-36 54-74 - i Alim2011 [76] ¢
po (tab, s.d.) 30 10 0 22-23 54-80 - e Deng 2005 [77]
po (tab, s.d.) 30 10 30 21-24 57-79 - e Jaakkola 2006a [78]
po, (tab, g.d.) 30 62 53 18-44 (29.3) 49-89 (67.1) - i Manitpisitkul 2014 [79]
o(-q.d.) 45 6 50 (35.7) (72.8) - e Budde 2003 [80]

a3 CYP2C8*1/*3: n=14, CYP2C8*3/*3: n=1; °, assumed; ¢, fraction excreted unchanged to urine only; values for age and weight are given as range (mean); -, not given; CYP, cytochrome P450; e, external

data set (model evaluation); i, internal data set (model building); n, number of individuals studied; po, oral; g.d., once daily; s.d., single dose; tab, tablet;
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Table S3.5.2. Drug-dependent parameters of the final pioglitazone model.

Parameter Unit Pioglitazone model Pioglitazone literature Description
Pioglitazone
MW g/mol 356.40 356.40 Molecular weight
pKa 5.80 (basic), [81] Acid dissociation constant
6.40 (acidic)
Solubility (pH) mg/I 16.8 (6.5) [82] Solubility
logP 2.81 3.31[83] Lipophilicity
fu 2.07E-03 <0.01 [81] Fraction unbound plasma
CYP2C8 Km? umol/I 21.0 [8] CYP2C8 Michaelis-Menten constant
CYP2C8 keat 1/min 68.09 n.a. CYP2C8 catalytic rate constant
CYP2C8 (CYP2C8*1) Kcat 1/min 84.79 n.a. CYP2C8 catalytic rate constant
CYP2C8 (CYP2C8*3) Km umol/I 10.0 [8] CYP2C8 Michaelis-Menten constant
CYP2C8 (CYP2C8*3) Kecat 1/min 104.82 n.a. CYP2C8 catalytic rate constant
Liver plasma clearance (specific clearance) 1/min 2.14 n.a. Elimination from plasma (first order process in the liver)
GFR fraction 1 Fraction of GFR used for passive elimination by the kidney
Formulation tab [84] Formulation used in predictions
Cell permeabilities calculated PK-Sim Standard [42] Permeation across cell membranes
Partition coefficients calculated Berezhkovskiy [43] Organ-plasma partition coefficients
Specific intestinal perm. cm/min 4.38E-5 n.a. Normalized to surface area
Specific organ perm. cm/min 9.10E-3 calculated Normalized to surface area

2 same CYP2C8 Michaelis-Menten constant assumed for CYP2C8 genotype unknown and CYP2C8*1; CYP, cytochrome P450; GFR, glomerular filtration rate; n.a., not available; perm, permeability; tab,

tablet dissolution profile from literature [84].
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Fig. $3.5.1. Pioglitazone plasma concentration-time profiles (semilogarithmic). Observed data are
shown as triangles + SD. Population simulation arithmetic means or geometric means (a) are shown

as blue lines; the shaded areas represent the 68% population prediction intervals. Detailed
information about dosing regimens and study populations is given in Table $3.5.1. Predicted and
observed AUC and Cnax values are compared in Table S3.5.4.
conc, concentration; g.d., once daily; s.d., single dose.
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Fig. $3.5.2. Pioglitazone plasma concentration-time profiles (linear) and fraction of pioglitazone
excreted to urine (k). Observed data are shown as triangles + SD. Population simulation arithmetic
means or geometric means (a) are shown as blue lines; the shaded areas represent the 68%
population prediction intervals. Detailed information about dosing regimens and study populations
is given in Table S3.5.1. Predicted and observed AUC and Cmax values are given in Table S3.5.4.

conc, concentration; g.d., once daily; s.d., single dose.
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Fig. S3.5.3. Goodness of fit plot. Comparison of predicted versus observed pioglitazone plasma
concentration values of all studies. The black line marks the line of identity. Light grey lines indicate
0.8- to 1.25-fold; dark grey lines indicate 0.5- to 2-fold prediction acceptance limits. Detailed
information about dosing regimens and study populations is given in Table S3.5.1.
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Table S3.5.3. Mean relative deviation values of repaglinide plasma concentration predictions.

Route Dose CYP2C8 MRD References
[mg] genotype
Pioglitazone
po (-, s.d.) 15 *1/*1 1.74 Aquilante 2013 [6]
po (-, s.d.) 15 *32 3.58 Aquilante 2013 [6]
po (tab, s.d.) 15 - 1.51 Itkonen 2016 [72]
po (-, s.d.) 15 - 1.11 Jaakkola 2005 [73]
po (-, s.d.) 15 - 1.38 Jaakkola 2006b [74]
po (tab, s.d.) 15 *1/*1 1.13 Tornio 2007 [7]
po (tab, s.d.) 15 *1/*3 1.87 Tornio 2007 [7]
po (tab, s.d.) 15 *3/%3 3.08 Tornio 2007 [7]
po (tab, s.d.) 15 - 1.25 Xue 2003 [75]
po (tab, s.d.) 30 - 1.98 Deng 2005 [77]
po (tab, s.d.) 30 - 1.21 Jaakkola 2006a [78]
po, (tab, q.d.) 30 - 1.31 Manitpisitkul 2014 [79]
po (-, q.d.) 45 - 1.48 Budde 2003 [80]
MRD (mean) 1.74
MRD<2 11/13

a, CYP2C8*1/*3: n=14, CYP2C8*3/*3: n=1; -, not given; CYP, cytochrome P450; MRD, mean relative deviation; po, oral;
g.d., once daily; s.d., single dose; tab, tablet.
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Fig. S3.5.4. Correlation of predicted and observed pioglitazone AUC and Cmax values of all studies.
The black line marks the line of identity. Light grey lines indicate 0.8- to 1.25-fold; dark grey lines
indicate 0.5- to 2-fold prediction acceptance limits. Detailed information about dosing regimens and
study populations is given in Table S3.5.1. The plotted AUC and Cnax values are listed in Table S3.5.4.
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Table S3.5.4. Predicted and observed AUC and Cp,.x values of pioglitazone.

Route Dose CYP2C8 AUC Pred/Obs Crmax Pred/Obs References

[mg] genotype [ug*hours/ml] AUC [ug/ml] Crmax
Pioglitazone pred obs pred obs
po (-, s.d.) 15 *1/*1 4983 6770 0.74 553 641 0.86 Aquilante 2013 [6]
po (-, s.d.) 15 *3a 3089 4760 0.65 494 575 0.86 Aquilante 2013 [6]
po (tab, s.d.) 15 - 5017 5580 0.90 548 642 0.85 Itkonen 2016 [72]
po (-, s.d.) 15 - 5006 5250 0.95 548 518 1.06 Jaakkola 2005 [73]
po (-, s.d.) 15 - 5019 5260 0.95 548 526 1.04 Jaakkola 2006b [74]
po (tab, s.d.) 15 *1/*1 5135 4950 " 1.04 600 592b 1.01 Tornio 2007 [7]
po (tab, s.d.) 15 *1/*3 3066 3670° 0.84 515 542 ° 0.95 Tornio 2007 [7]
po (tab, s.d.) 15 *3/*3 2420 3250° 0.74 482 445" 1.08 Tornio 2007 [7]
po (tab, s.d.) 15 - 4769 4590 ¢ 1.04 548 524 1.05 Xue 2003 [75]
po (tab, s.d.) 30 - 10021 11100 0.90 1092 1359 0.80 Deng 2005 [77]
po (tab, s.d.) 30 - 10020 8610 1.16 1092 932 1.17 Jaakkola 2006a [78]
po, (tab, g.d.) 30 - 12091 10721 ¢ 1.13 1324 1131 1.17 Manitpisitkul 2014 [79]
po (-, g.d.) 45 - 18236 14565 ¢ 1.25 1884 1587 1.19 Budde 2003 [80]

GMFE (range)  1.17 (1.04-1.54) 1.12 (1.01-1.24)

Pred/Obs within 2-fold

13/13

13/13

a CYP2C8*1/*3: n=14, CYP2C8*3/*3: n=1; ®, adjusted for 70kg body weight; ¢, AUCq.32; ¢, AUCq.4; AUC values are AUCiys, if not specified differently; -, not given; AUC, area under the

concentration-time curve; Ciax, maximum plasma concentration; CYP, cytochrome P450; GMFE, geometric mean fold error; po, oral; pred, predicted; g.d., once daily; s.d., single dose;

tab, tablet.
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(a) CL/F correlation - pioglitazone
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Fig. $3.5.5. Correlation of predicted and observed CL/F and half-life values of all studies. The black
line marks the line of identity. Light grey lines indicate 0.8- to 1.25-fold; dark grey lines indicate 0.5-
to 2-fold prediction acceptance limits. Detailed information about dosing regimens and study
populations is given in Table S3.5.1. The plotted values for CL/F and half-life values are listed in Table

S3.5.5.
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Table $3.5.5. Predicted and observed CL/F and half-life of pioglitazone.

Route Dose CYP2C8 CL/F? Pred/Obs Half-life ® Pred/Obs References
[mg] genotype [I/hours] CL/F [hours] Half-life
Pioglitazone pred obs pred obs
po (-, s.d.) 15 *1/*1 3.01 2.22 1.36 6.71 10.3 0.65 Aquilante 2013 [6]
po (-, s.d.) 15 *3a 4.86 3.15 1.54 5.17 12.8 0.40 Aquilante 2013 [6]
po (tab, s.d.) 15 - 2.99 2.69 1.11 7.78 6.50 1.20 Itkonen 2016 [72]
po (-, s.d.) 15 - 3.00 2.86 1.05 7.34 7.92 0.93 Jaakkola 2005 [73]
po (-, s.d.) 15 - 2.99 2.85 1.05 8.37 8.01 1.04 Jaakkola 2006b [74]
po (tab, s.d.) 15 *1/*1 2.92 3.03 0.96 6.43 7.15 0.90 Tornio 2007 [7]
po (tab, s.d.) 15 *1/*3 4.89 4.09 1.20 5.13 8.04 0.64 Tornio 2007 [7]
po (tab, s.d.) 15 *3/*3 6.20 4.62 1.34 4.26 8.55 0.50 Tornio 2007 [7]
po (tab, s.d.) 15 - 3.15 3.27 0.96 7.14 9.57 0.75 Xue 2003 [75]
po (tab, s.d.) 30 - 2.99 2.70 1.11 7.41 14.7 0.50 Deng 2005 [77]
po (tab, s.d.) 30 - 2.99 3.48 0.86 7.33 8.79 0.83 Jaakkola 2006a [78]
po, (tab, g.d.) 30 - 2.48 2.80 0.89 6.83 7.01 0.97 Manitpisitkul 2014 [79]
po (-, q.d.) 45 - 2.47 3.09 0.80 8.14 11.7 0.70 Budde 2003 [80]
GMFE (range)  1.17 (1.04-1.54) 1.41 (1.03-2.48)
Pred/Obs within 2-fold 13/13 11/13

2, calculated from dose/AUC; °, calculated for observed and predicted concentration-time profiles (same time points for observed and predicted values); -, not given; AUC, area under the
concentration-time curve; CL/F, oral clearance; Cax, maximum plasma concentration; CYP, cytochrome P450; GMFE, geometric mean fold error; po, oral; pred, predicted; g.d., once daily; s.d., single

dose; tab, tablet.
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Sensitivity analysis - pioglitazone
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Fig. S3.5.6. Sensitivity analysis of the pioglitazone model. Sensitivity of the model to single
parameters, determined as change of the simulated AUC from time of the last dose extrapolated to
infinity of an oral 45 mg once daily administration of pioglitazone. A sensitivity value of -0.5 indicates
a 50% decrease of the simulated AUC for the examined parameter incraease of 100%.

CYP, cytochrome P450; GFR, glomerular filtration rate; hep., hepatic; intest., intestinal; keat, catalytic
rate constant; Ky, Michaelis-Menten constant; perm, permeability; spec., specific; unspec,
unspecific.
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Sensitivity analysis - pioglitazone
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Fig. $3.5.7. Sensitivity analysis spider plot of the pioglitazone model. The fold change of AUC is
shown as a function of the fold change of the parameter values within a 0.03-fold to 30-fold range.
A log>(fold change) = 1 equals a parameter perturbation of 100% as shown in the sensitivity analysis
bar plot. Literature value parameters are shown as circles, optimized parameters are shown as
triangles. Lipophilicity was changed only to a maximum absolute value of 10.
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3.6 Itraconazole model extension

The antifungal drug itraconazole is a substrate and a strong inhibitor of CYP3A4 [14]. A previously
developed itraconazole parent-metabolite PBPK model [12] was extended and applied in this study.
Itraconazole is a poorly soluble compound, leading to variable absorption and, therefore, to large
interindividual differences in itraconazole plasma concentration-time profiles and AUC values [85].
In a study of gemfibrozil plus itraconazole co-administration, lower itraconazole and hydroxy-
itraconazole plasma concentrations were reported compared to administration of itraconazole
alone [73].

To explain this observation, a physicochemical interaction during gemfibrozil-itraconazole co-
administration was postulated, leading to reduced itraconazole solubility and absorption. To
describe the itraconazole and hydroxy-itraconazole plasma concentrations of this study, the
solubility of the existing itraconazole model was adjusted to 14.5 mg/| at pH 6.5 for a capsule
formulation in the fasted state during itraconazole monotherapy and to 0.69 mg/| at pH 6.5 during
gemfibrozil co-administration. Jaakkola et al. [73] and Niemi et al. [52] propose an effect of
gemfibrozil on itraconazole bioavailability (as implemented in the modeled change of solubility) or
the replacement of itraconazole from plasma proteins by gemfibrozil as possible explanations for
the lower itraconazole plasma concentrations during gemfibrozil co-administration.

In addition to the study-adjusted itraconazole solubility, Ki values to model the competitive
inhibition of OATP1B1 and OATP1B3 by itraconazole were added to the model and optimized with
a plasma concentration-time curve of repaglinide during the itraconazole-repaglinide DDI (see
Section 4.4). The parameters of the extended itraconazole model are given in Table S3.6.1.

The good descriptive performance of the parent-metabolite model is demonstrated in
semilogarithmic as well as linear plots (Figs. $3.6.1 and $3.6.2) of population redicted compared to

observed plasma concentration-time profiles of the clinical study.
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Table $S3.6.1. Drug-dependent parameters of the final itraconazole model.

Parameter Unit Itraconazole Itraconazole OH-itraconazole OH-itraconazole Description
model literature model literature

Itraconazole

MW g/mol 705.633 721.633 Molecular weight

pKa 3.7 (basic) [86] 3.7 (basic) assumed Acid dissociation constant

Solubility [pH] mg/| 8.0 (FaSSIF) @ [87] Solubility

logP 4.62 5.66 [86] 3.72 4.5 [88] Lipophilicity

fu 0.006 0.002, 0.016, 0.036 [86,89-91] 0.017 [89] Fraction unbound plasma

CYP3A4 Km nmol/l  2.07 3.9[92] 417 27.0[92] CYP3A4 Michaelis-Menten constant

CYP3A4 Keat 1/min 0.040 predicted [12] 0.020 predicted [12] CYP3A4 catalytic rate constant

GFR fraction 1 1 Fraction of GFR used for passive
elimination by the kidney

Ki CYP3A4 nmol/I 1.3 [92] 14.4 [92] Inhibitory constant

Ki P-gp nmol/l 8.0 [93] - - Inhibitory constant

Ki OATP1B1 nmol/l - - 18 230 [94] © Inhibitory constant

Ki OATP1B3 nmol/l - - 11 100 [94] ¢ Inhibitory constant

Formulation solution/capsule ® Formulation used in predictions

Cell permeabilities calculated PK-Sim Standard [42] calculated PK-Sim Standard [42] Permeation across cell membranes

Partition coefficients calculated Rodgers and Rowland [95,96] calculated Rodgers and Rowland [95,96] Organ-plasma partition coefficients

Specific intestinal perm. cm/min  5.33E-06 predicted [12] 1.52E-07 calculated Normalized to surface area

Specific organ perm. cm/min 1.44E-04 calculated 1.55E-05 calculated Normalized to surface area

continued...
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continued...

Parameter Unit Keto-itraconazole Keto-itraconazole ND-itraconazole ND-itraconazole Description
model literature model literature

MW g/mol 719.617 649.527 Molecular weight

pKa 3.7 (basic) assumed 3.7 (base) assumed Acid dissociation constant

logP 421 4.50 [97] 5.18 4.20 [98] Lipophilicity

fu 0.010 [89] 0.011 [89] Fraction unbound plasma

CYP3A4 Km nmol/l  2.22 1.4 [92] 0.63 predicted [12] CYP3A4 Michaelis-Menten constant

CYP3A4 Keat 1/min 0.393 predicted [12] 0.061 predicted [12] CYP3A4 catalytic rate constant

GFR fraction 1 1 Fraction of GFR used for passive
elimination by the kidney

Ki CYP3A4 nmol/l  5.12¢ [92] 0.32¢ [92] Inhibitory constant

Cell permeabilities calculated PK-Sim Standard [42] calculated PK-Sim Standard [42] Permeation across cell membranes

Partition coefficients calculated Rodgers and Rowland [95,96] calculated Rodgers and Rowland [95,96] Organ-plasma partition coefficients

Specific intestinal perm. cm/min  4.79E-07 calculated 7.37E-06 calculated Normalized to surface area

Specific organ perm. cm/min - 4.92E-05 calculated 8.91E-04 calculated Normalized to surface area

3, solution fasted: 8.0 mg/I (literature value), solution fed: 1.58 mg/| (optimized), capsule fasted: 14.5 mg/| (optimized, itraconazole alone), capsule fasted: 0.69 mg/| (optimized, gemfibrozil co-
administration), capsule fed: 0.70 mg/I (optimized); ®, capsule fasted: weibull function with 407 minutes dissolution time (50% dissolved) and dissolution shape 1.1 (both optimized), capsule fed:
weibull function with 139 minutes dissolution time (50% dissolved) and dissolution shape 0.82 (both optimized); ¢, half maximum inhibitory concentration (ICsq) values given in literature but expected
to be similar to inhibitory constant (K;) values; ¢, calculated from ICso values via the Cheng-Prusoff equation [99]; -, process not implemented in the model; CYP, cytochrome P450; FaSSIF, fasted state
simulated intestinal fluid; GFR, glomerular filtration rate; ND-itraconazole, N-desalkyl-itraconazole; OATP, organic-anion-transporting polypeptide; OH-itraconazole, hydroxy-itraconazole; perm.,

permeability; P-gp, P-glycoprotein.
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Fig. $3.6.1. Itraconazole and hydroxy-itraconazole (OH-itraconazole) plasma concentration-time
profiles in semilogarithmic (left panel) and linear (right panel) plots following administration of
itraconazole. Observed data are shown as triangles + SD. Population simulation arithmetic means
are shown as purple (itraconazole) and orange (hydroxy-itraconazole) lines. Dashed lines show
predictions of itraconazole and hydroxy-itraconazole before, lines after solubility adjustment. The
shaded areas represent the 68% population prediction intervals. Detailed information about dosing
regimens and study population is given in Table $4.5.1.
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Fig. $3.6.2. Itraconazole and hydroxy-itraconazole (OH-itraconazole) plasma concentration-time
profiles in semilogarithmic (left panel) and linear (right panel) plots following administration of
itraconazole during co-administration of gemfibrozil. Observed data are shown as triangles * SD.
Population simulation arithmetic means are shown as purple (itraconazole) and orange (hydroxy-
itraconazole) lines; the shaded areas represent the 68% population prediction intervals. Detailed
information about dosing regimens and study population is given in Table S4.7.1.
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3.7 Rifampicin model extension

The antibiotic rifampicin is a strong inducer of different CYP enzymes (including CYP2C8 and CYP3A4)
and transporters (including OATP) [14]. A previously developed rifampicin PBPK model [12] was
extended by interaction constants describing the induction of CYP2C8 and OATP1B3 as well as the
competitive inhibition of CYP2C8, OATP1B1 and OATP1B3 by rifampicin (Section 4.8). The

parameters of the extended rifampicin model are given in Table S3.7.1.
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Table $S3.7.1. Drug-dependent parameters of the final rifampicin model.

Parameter Unit Rifampicin model Rifampicin literature Description
Rifampicin
MW g/mol 822.94 Molecular weight
pKa 1.7 (acidic), [100] Acid dissociation constant

7.9 (basic)
Solubility (pH) mg/| 2800 (7.5) 1100 (6.5), 1400 (6.8), 2540 (6.8), 2800 (7.5), 3350  Solubility

(7.4) [101-104]

logP 2.50 1.30, 2.70 [36,101] Lipophilicity
fu 0.17 0.11,0.16,0.17, 0.175 [101,104-106] Fraction unbound plasma
B/P ratio 0.89 calculated 0.9 ®[107] Blood/plasma ratio
OATP1B1 Km umol/I 1.5 [108] OATP1B1 Michaelis-Menten constant
OATP1B1 kcat 1/min 7.80 predicted [12] OATP1B1 catalytic rate constant
AADAC Km umol/I 195.1 [109] AADAC Michaelis-Menten constant
AADAC Keat 1/min 9.87 predicted [12] AADAC catalytic rate constant
P-gp Km umol/I 55.0 [110] P-gp Michaelis-Menten constant
P-gp Keat 1/min 0.61 predicted [12] P-gp catalytic rate constant
GFR fraction 1 Fraction of GFR used for passive elimination by the kidney
Induction ECso umol/I 0.34 [105,106] Concentration for half-maximal induction
Emax OATP1B1 0.38 predicted [12] Maximum in vivo induction effect
Emax OATP1B3 0.38 assumed Maximum in vivo induction effect
Emax AADAC 0.99 predicted [12] Maximum in vivo induction effect
Emax P-gp 25 [111] Maximum in vivo induction effect
Emax CYP3A4 9.0 [105] Maximum in vivo induction effect
Emax CYP2C8 3.2 [112] Maximum in vivo induction effect
Ki OATP1B1 umol/I 0.477 [17] Inhibitory constant
Ki OATP1B3 umol/I 0.90 [113] Inhibitory constant
Ki P-gp umol/I 169.0 [114] Inhibitory constant
Ki CYP3A4 umol/I 18.5 [16] Inhibitory constant
Ki CYP2C8 umol/I 30.2 [16] Inhibitory constant
continued...
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continued...

Parameter Unit Rifampicin model Rifampicin literature Description

Formulation solution Formulation used in predictions
Cell permeabilities calculated PK-Sim Standard [42] Permeation across cell membranes
Partition coefficients calculated Rodgers and Rowland [95,96] Organ-plasma partition coefficients
Specific intestinal perm.  cm/min 1.24E-07 predicted [12] Normalized to surface area

Specific organ perm. cm/min 2.93E-07 calculated Normalized to surface area

a3, DrugBank entry for rifampicin. https://www.drugbank.ca/drugs/DB01045. Accessed 30 Oct 2018; ®, Blood/serum concentration ratio; AADAC, arylacetamide deacetylase; conc, concentration; CYP,
cytochrome P450; GFR, glomerular filtration rate; OATP, organic-anion-transporting polypeptide; perm, permeability; P-gp, P-glycoprotein.
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3.8 Clarithromycin model extension

The antibiotic clarithromycin is a strong inhibitor of CYP3A4 and P-glycoprotein [14] as well as an
inhibitor of OATP1B1 and OATP1B3 [71]. A previously developed clarithromycin PBPK model [12]
was extended by K; values to model the competitive inhibition of OATP1B1 and OATP1B3 by
clarithromycin (Section 4.10). The parameters of the extended clarithromycin model are given in

Table S3.8.1.
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Table $S3.8.1. Drug-dependent parameters of the final clarithromycin model.

Parameter Unit Clarithromycin model  Clarithromycin literature Description

Clarithromycin

MW g/mol 747.95 Molecular weight

pKa 8.99 (basic) [115] Acid dissociation constant
Solubility (pH) mg/| 12170 (2.4) [116] Solubility

logP 2.3 [117] Lipophilicity

fu 0.30 0.28, 0.30, 0.40 [118-120] Fraction unbound plasma

CYP3A4 Km umol/I 48.7 [121] CYP3A4 Michaelis-Menten constant
CYP3A4 Keat 1/min 76.5 predicted [12] CYP3A4 catalytic rate constant
CLgen ml/min 100 111-213[122] Renal plasma clearance

Ki CYP3A4 umol/I 6.04 2.25,4.12,5.49, 29.5, 39.2 [123-126] Concentration for half-maximal inactivation (MBI)
kinact CYP3A4 1/min 0.04 0.04, 0.04, 0.05, 0.07, 0.23 [123-126] Maximum inactivation rate constant (MBI)
Ki P-gp umol/I 4.1 [127] Inhibitory constant

Ki OATP1B1 umol/I 5.3 [94] ® Inhibitory constant

Ki OATP1B3 umol/I 14 [94] ® Inhibitory constant

Formulation Weibull 2 Formulation used in predictions
Cell permeabilities calculated PK-Sim Standard [42] Permeation across cell membranes
Partition coefficients calculated Rodgers and Rowland [95,96] Organ-plasma partition coefficients
Specific inteststinal perm. cm/min 1.23E-07 predicted [12] Normalized to surface area

Specific organ perm. cm/min 3.28E-07 calculated Normalized to surface area

Perm. into blood cells cm/min 3.62E-06 predicted [12] Plasma to blood cells permeability
Perm. out of blood cells  c¢cm/min 1.04E-07 predicted [12] Blood cells to plasma permeability

2, Weibull function with 5.0 min dissolution time (50% dissolved) and dissolution shape 2.9 [128]; ®, half maximum inhibitory concentration (ICsq) values given in literature but expected to be similar
to inhibitory constant (K;) values; CL, clearance; CYP, cytochrome P450; perm., permeability; P-gp, P-glycoprotein.
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3.9 System-dependent parameters and virtual populations

System-dependent parameters, such as reference concentrations and tissue expression profiles of
metabolizing enzymes and transporters, are listed in Table S3.9.1. Enterohepatic circulation was
enabled by setting the EHC continuous fraction to 1 in all subjects.

To cover the variability of simulated plasma concentration-time profiles in a population, virtual
populations containing 100 individuals with demographic properties (% females, age range, weight
range, height range, race) adapted to each respective study were created. If no information on the
gender of the volunteers was available, a 100% male population was assumed. To model studies
that did not report the age range of their individuals, a population between 20 and 50 years of age
was created. The reference concentrations of the implemented CYP and UGT enzymes were
distributed according to the variabilities provided in the PK-Sim database. If no information was
available in the modeling platform, they were set to be log-normally distributed according to
literature reports or otherwise with a moderate geometric standard deviation of 1.4 (35% CV), see
Table S3.9.1.

As the observed data were mostly reported in terms of arithmetic means and standard deviations,
simulated 68% population prediction intervals were plotted that correspond to the range span of +

1 standard deviation around the mean assuming normal distribution.
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Table $3.9.1. System-dependent parameters and expression of relevant enzymes, transporters and other ADME processes.

Enzyme / Transporter / Process

Mean reference concentration Geometric standard deviation

Relative expression in the different organs ® Half-life liver

Half-life intestine

[umol/1] @ of the reference concentration [hours] [hours]
Enzymes
AADAC 1.0 [129] ¢ 1.40¢ RT-PCR [130] 36 23
CYP2C8 (genotype unknown) 2.56 [131] 2.05[132] RT-PCR [133] 23 23
CYP2C8 (CYP2C8*1) 1.28°¢ 2.05 (assumed) [132] RT-PCR [133] 23 23
CYP2C8 (CYP2C8*3) 1.28°¢ 2.05 (assumed) [132] RT-PCR [133] 23 23
CYP3A4 4.32[131] 1.18 liver, 1.46 intestine [132] RT-PCR [133] 36 [134] 23 [135]
UGT2B7 1.00 [129] ¢ 1.60 [132] EST [136] 36 23
Transporters
MRP2 1.00 [129] ¢ 1.49 [137] Array [138] 36 23
OATP1B1 (genotype unknown)  1.00[129] ¢ 1.54 [139] RT-PCR [140] 36 23
OATP1B1 (SLCO1B1 5217) 05f 1.54 (assumed) [139] RT-PCR [140] 36 23
OATP1B1 (SLCO1B1 521C) 05f 1.54 (assumed) [139] RT-PCR [140] 36 23
OATP1B1 (SLCO1B1 -11187G) 05f 1.54 (assumed) [139] RT-PCR [140] 36 23
OATP1B1 (SLCO1B1 -11187A) 05f 1.54 (assumed) [139] RT-PCR [140] 36 23
OATP1B3 1.00 [129] ¢ 1.54 (assumed) [139] Array [138] 36 23
P-gp (efflux) 1.41[12] 1.60 [139] RT-PCR [140], with the relative expression in 36 23
intestinal mucosa increased by factor 3.57
[12]
Processes
Unspecific hepatic clearance - 1.40¢ - - -
(pioglitazone)
Active hepatocyte uptake 1.00 [129] 1.40¢ Liver only 36 23

(gemfibrozil)

a, [umol protein/lin the tissue of the highest expression]; b, PK-Sim® expression database profile; ¢, mean reference concentration of CYP2C8 devided by two; 9, If no information on reference concentration
was available it was set to 1.0 umol/l and the catalytic rate constant (k.a:) was optimized according to [129]; ¢, 35% CV assumed; f, mean reference concentration of OATP1B1 devided by two; AADAC,
arylacetamide deacetylase; CYP, cytochrome P450; ADME, absorption, distribution, metabolism and elimination; Array, ArrayExpress; EST, expressed sequence tags, MRP, multidrug resistance-associated
protein; OATP, organic-anion-transporting polypeptide; P-gp, P-glycoprotein; RT-PCR, reverse transcription polymerase chain reaction; SLCO, solute carrier organic anion transporter family member; UGT,
UDP-glucuronosyltransferase.
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4 DDI modeling

4.1 DDI modeling - general

The correct prediction of the impact of a perpetrator drug on the PK of a victim drug indicates (i)
that the perpetrator model adequately describes the drug concentrations at the site(s) of
interaction and (ii) that the victim drug model simulates the right amound of drug eliminated via the
affected pathway. Therefore, DDI prediction is considered a valuable means of evaluation of both
models (provided that the clinical DDI data was not used during model optimization). The
simulations of the gemfibrozil-repaglinide, gemfibrozil-pioglitazone, gemfibrozil-itraconazole-
repaglinide, rifampicin-repaglinide, rifampicin-pioglitazone and clarithromycin-repaglinide DDlIs in
this study are predictions, as the interaction constants were taken from literature or optimized using
other DDI combinations.

Details on the clinical studies describing the gemfibrozil-repaglinide, gemfibrozil-pioglitazone,
itraconazole-repaglinide, itraconazole-pioglitazone, gemfibrozil-itraconazole-repaglinide,
gemfibrozil-itraconazole-pioglitazone, rifampicin-repaglinide, rifampicin-pioglitazone and
clarithromycin-repaglinide interactions are given in Tables S4.2.1, S4.3.1, S4.4.1, S4.5.1, S4.6.1,
S4.7.1,54.8.1, 54.9.1 and S4.10.1. All perpetrator and victim drugs were administered orally. Plots
of population predicted plasma concentration-time profiles of the victim drugs alone and during co-
administration, compared to observed data, are given in Figs. S4.2.1, S4.2.2, S4.2.3, 54.2.4, S4.2.5,
S4.2.6,54.3.1,54.3.2,54.4.1,54.5.1,54.6.1, S4.7.1, S4.8.1, S4.9.1 and S4.10.1 (semilogarithmic and
linear plots). Graphical comparisons of predicted to observed DDI AUC ratios (AUCast victim drug
during perpetrator co-administration/AUCi.st victim drug control) and DDI Cmax ratios (Cmax victim
drug during perpetrator co-administration/Cmax Vvictim drug control) are shown in Figs. S4.2.7,
S4.3.3,54.4.2,54.5.2,54.6.2,54.7.2,54.8.2, S4.9.2 and S4.10.2. The corresponding values are listed
in Tables S4.2.2, S4.3.2, S4.4.2, S4.5.2, S4.6.2, S4.7.2, S4.8.2, S4.9.2 and S4.10.2, summarizing
predicted and observed DDI AUC ratios, DDI Crmax ratios and model GMFE values. All AUC values used
for DDI performance evaluation were calculated from time 0 to the time of the last concentration

measurement (AUCast).
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4.2 Gemfibrozil-repaglinide DDI

The gemfibrozil-repaglinide DDI was predicted using literature values for all interaction constants
without further optimization. To describe the MBI of CYP2C8 by gemfibrozil 1-O-B-glucuronide,
values for K = 20 pmol/l and kinact = 0.21 min* were applied, measured with human liver microsomes
[15]. The K, was not corrected for fuinc, according to [141]. The competitive inhibition of CYP2C8 by
gemfibrozil was modeled with Ki = 30.4 umol/I, determined using human liver microsomes [16], with
no correction for fuinc, as the gemfibrozil fraction unbound with human liver microsomes was
reported to be approximately 1.0 [142]. The competitive inhibition of OATP1B1 by gemfibrozil and
gemfibrozil 1-O-B-glucuronide was modeled as described in Section 3.3.

Details on the 23 modeled clinical studies investigating the gemfibrozil-repaglinide DDI are given in
Table S4.2.1. The population predictions of repaglinide plasma concentration-time profiles with and
without gemfibrozil co-administration, compared to observed data, are shown in Figs. S4.2.1,54.2.2,
S4.2.3,54.2.4,54.2.5 and S4.2.6. The correlation of predicted and observed DDI AUC ratios and DDI
Cmax ratios is shown in Fig. S4.2.7. Table S4.2.2 lists the corresponding predicted and observed DDI

AUC ratios, DDI Cnmax ratios as well as GMFE values.
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Table S4.2.1. Clinical study data of the gemfibrozil-repaglinide DDI.

Perpetrator drug  Victim drug Interval n Females Age Weight SLCO1B1 Data set References
administration administration [hours] @ [%] [years] [kgl genotype

Gemfibrozil Repaglinide

30 mg, s.d. 0.25 mg, s.d. 1 10 10 20-26 (23) 60-88 (73) - e Honkalammi 2011b [18]
100 mg, s.d. 0.25 mg, s.d. 1 10 10 20-26 (23) 60-88 (73) - e Honkalammi 2011b [18]
300 mg, s.d. 0.25 mg, s.d. 1 10 10 20-26 (23) 60-88 (73) - e Honkalammi 2011b [18]
600 mg, s.d. 0.25 mg, s.d. 0 10 50 31-34 - - e Honkalammi 2011a [27]
600 mg, s.d. 0.25 mg, s.d. 1 10 50 31-34 - - e Honkalammi 2011a [27]
600 mg, s.d. 0.25 mg, s.d. 3 10 50 31-34 - - e Honkalammi 2011a [27]
600 mg, s.d. 0.25 mg, s.d. 6 10 50 31-34 - - e Honkalammi 2011a [27]
900 mg, s.d. 0.25 mg, s.d. 1 10 10 20-26 (23) 60-88 (73) - e Honkalammi 2011b [18]
30 mg, b.i.d. 0.25 mg, s.d. 1 10 40 21-30 (24) 66-88 (75) - e Honkalammi 2012 [19]
100 mg, b.i.d. 0.25 mg, s.d. 1 10 40 21-30 (24) 66-88 (75) - e Honkalammi 2012 [19]
600 mg, b.i.d. 0.25 mg, s.d. 1 9 22 19-25 64-87 - e Backman 2009 [30]

600 mg, b.i.d. 0.25 mg, s.d. 24 9 22 19-25 64-87 - e Backman 2009 [30]

600 mg, b.i.d. 0.25 mg, s.d. 48 9 22 19-25 64-87 - e Backman 2009 [30]

600 mg, b.i.d. 0.25 mg, s.d. 96 9 22 19-25 64-87 - e Backman 2009 [30]

600 mg, b.i.d. 0.25 mg, s.d. 1 10 40 21-30 (24) 66-88 (75) - e Honkalammi 2012 [19]
600 mg, b.i.d. 0.25 mg, s.d. 1 12 25 (24) (75) 521TT e Kalliokoski 2008b [49]
600 mg, b.i.d. 0.25 mg, s.d. 1 6 17 (23) (74) 521TC e Kalliokoski 2008b [49]
600 mg, b.i.d. 0.25 mg, s.d. 1 6 17 (23) (75) 521CcC e Kalliokoski 2008b [49]
600 mg, b.i.d. 0.25 mg, s.d. 1 12 67 20-24 46-84 - e Niemi 2003a [52]

600 mg, b.i.d. 0.25 mg, s.d. 0 10 10 - 58-98 (79) - e Tornio 2008 [31]

600 mg, b.i.d. 0.25 mg, s.d. 3 10 10 - 58-98 (79) - e Tornio 2008 [31]

600 mg, b.i.d. 0.25 mg, s.d. 6 10 10 - 58-98 (79) - e Tornio 2008 [31]

600 mg, b.i.d. 0.25 mg, s.d. 12 10 10 - 58-98 (79) - e Tornio 2008 [31]

2 time intervals between (last) perpetrator and victim drug administration; values for age and weight are given as range (mean); -, not given; b.i.d., twice daily; DDI, drug-drug
interaction; e, external data set (model evaluation); n, number of individuals studied; s.d., single dose; SLCO, solute carrier organic anion transporter family member.
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Plasma conc [ng/ml]
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(m) Repaglinide - po, 0.25 mg, s.d.

(n) Repaglinide - po, 0.25 mg, s.d.
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(s) Repaglinide - po, 0.25 mg, s.d.

Plasma conc [ng/ml]

(t) Repaglinide - po, 0.25 mg, s.d.
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Fig. $4.2.1. Repaglinide plasma concentration-time profiles during the gemfibrozil-repaglinide DDI
(semilogarithmic). Observed data are shown as triangles + SD (dark green: control, light green: with
gemfibrozil). Repaglinide population simulation arithmetic means or geometric means (d, e, f, g, i, j
and o) are shown as lines (dark green: control, light green: with gemfibrozil). The shaded areas
represent the 68% population prediction intervals. Detailed information about dosing regimens and
study populationsis given in Table S4.2.1. Predicted and observed DDI AUC ratios and DDI Cmax ratios

are compared in Table S4.2.2.

b.i.d., twice daily; conc, concentration; s.d., single dose.
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(a) Repaglinide - po, 0.25 mg, s.d.

(b) Repaglinide - po, 0.25 mg, s.d.
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(g) Repaglinide - po, 0.25 mg, s.d.

(h) Repaglinide - po, 0.25 mg, s.d.
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(m) Repaglinide - po, 0.25 mg, s.d.

(n) Repaglinide - po, 0.25 mg, s.d.
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207(5) Repaglinide - po, 0.25 mg, s.d. 117(t) Repaglinide - po, 0.25 mg, s.d.
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Fig. S4.2.2. Repaglinide plasma concentration-time profiles during the gemfibrozil-repaglinide DDI
(linear). Observed data are shown as triangles = SD (dark green: control, light green: with
gemfibrozil). Repaglinide population simulation arithmetic means or geometric means (d, e, f, g, i, j
and o) are shown as lines (dark green: control, light green: with gemfibrozil). The shaded areas
represent the 68% population prediction intervals. Detailed information about dosing regimens and
study populationsis given in Table S4.2.1. Predicted and observed DDI AUC ratios and DDI Cmax ratios
are compared in Table $4.2.2.

b.i.d., twice daily; conc, concentration; s.d., single dose.
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(a) Repaglinide - po, 0.25 mg, s.d.

A Honkalammi 2011a - repaglinide control
with gemfibrozil (po, 600 mg, s.d. - 0 hours interval)
with gemfibrozil (po, 600 mg, s.d. - 1 hour interval)
with gemfibrozil (po, 600 mg, s.d. - 3 hours interval)
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(b) Repaglinide - po, 0.25 mg, s.d.
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B 1 with gemfibrozil (po, 600 mg, b.i.d. - 12 hours interval)
c 10'F

8]

3

© 10%

] 4

£

7]

Lo S

o 1077

2
10 54 66 72

Tin‘?g [hours]
Fig. $4.2.3. Repaglinide plasma concentration-time profiles during the gemfibrozil-repaglinide DDI
(time-dependency, semilogarithmic). Observed data are shown as triangles, crosses or stars + SD
(dark green: control, light green: with gemfibrozil). Repaglinide population simulation arithmetic
means or geometric means (a) are shown as lines (dark green: control, light green: with gemfibrozil).
The shaded areas represent the 68% population prediction intervals. Detailed information about
dosing regimens and study populations is given in Table S4.2.1. Predicted and observed DDI AUC
ratios and DDI Cmax ratios are compared in Table $4.2.2.

b.i.d., twice daily; conc, concentration; s.d., single dose.
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(a) Repaglinide - po, 0.25 mg, s.d.

A Honkalammi 2011a - repaglinide control
with gemfibrozil (po, 600 mg, s.d. - 0 hours interval)
with gemfibrozil (po, 600 mg, s.d. - 1 hour interval)
with gemfibrozil (po, 600 mg, s.d. - 3 hours interval)
with gemfibrozil (po, 600 mg, s.d. - 6 hours interval)
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(b) Repaglinide - po, 0.25 mg, s.d.
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with gemfibrozil (po, 600 mg, b.i.d. - 1 hour interval)
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Fig. S4.2.4. Repaglinide plasma concentration-time profiles during the gemfibrozil-repaglinide DDI
(time-dependency, linear). Observed data are shown as triangles, crosses or stars + SD (dark green:
control, light green: with gemfibrozil). Repaglinide population simulation arithmetic means or
geometric means (a) are shown as lines (dark green: control, light green: with gemfibrozil). The
shaded areas represent the 68% population prediction intervals. Detailed information about dosing
regimens and study populations is given in Table S4.2.1. Predicted and observed DDI AUC ratios and
DDI Cmax ratios are compared in Table S4.2.2.

b.i.d., twice daily; conc, concentration; s.d., single dose.
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Fig. $4.2.5. Repaglinide plasma concentration-time profiles during the gemfibrozil-repaglinide DDI
(dose-dependency, semilogarithmic). Observed data are shown as triangles, crosses or stars + SD
(dark green: control, light green: with gemfibrozil). Repaglinide population simulation arithmetic
means or geometric means (a) are shown as lines (dark green: control, light green: with gemfibrozil).
The shaded areas represent the 68% population prediction intervals. Detailed information about
dosing regimens and study populations is given in Table S4.2.1. Predicted and observed DDI AUC

ratios and DDI Cmax ratios are compared in Table S4.2.2.
b.i.d., twice daily; conc, concentration; s.d., single dose.
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(a) Repaglinide - po, 0.25 mg, s.d. (b) Repaglinide - po, 0.25 mg, s.d.

4 Honkalammi 2011b - repaglinide control 10 A Honkalammi 2012 - repaglinide control
12 with gemfibrozil (po, 30 mg, s.d.) with gemfibrozil (po, 30 mg, b.i.d.)
with gemfibrozil (po, 100 mg, s.d.) with gemfibrozil (po, 100 mg, b.i.d.
with gemfibrozil (po, 300 mg, s.d. 91 with gemfibrozil (po, 600 mg, b.i.d.
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Fig. $4.2.6. Repaglinide plasma concentration-time profiles during the gemfibrozil-repaglinide DDI
(dose-dependency, linear). Observed data are shown as triangles, crosses or stars + SD (dark green:
control, light green: with gemfibrozil). Repaglinide population simulation arithmetic means or
geometric means (a) are shown as lines (dark green: control, light green: with gemfibrozil). The
shaded areas represent the 68% population prediction intervals. Detailed information about dosing
regimens and study populations is given in Table S4.2.1. Predicted and observed DDI AUC ratios and
DDI Cmax ratios are compared in Table S4.2.2.

b.i.d., twice daily; conc, concentration; s.d., single dose.
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Fig. S4.2.7. Correlation of predicted and observed gemfibrozil-repaglinide DDI AUC ratios and DDI
Cmax ratios of all studies. The straight black line marks the line of identity. Light grey lines indicate
0.8-to 1.25-fold; dark grey lines indicate 0.5- to 2-fold prediction acceptance limits. The curved black
lines show the prediction success limits suggested by Guest et al. [143]. Detailed information about

dosing regimens and study populations is given in Table S4.2.1. The plotted DDI AUC ratios and DDI
Cmax ratios are listed in Table S4.2.2.
CC, SLCO1B1 521CC; TC, SLCO1B1 521TC; TT, SLCO1B1 521TT.
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Table S4.2.2. Predicted and observed DDI AUC ratios and DDI Cmax ratios of the gemfibrozil-repaglinide DDI.

Perpetrator drug Victim drug Interval SLCO1B1 tiast DDI AUC ratio Pred/Obs DDI Cmax ratio Pred/Obs References
administration administration [hours]® genotype [hours] DDI AUC ratio DDI Cmax ratio
Gemfibrozil Repaglinide pred  obs pred obs
30 mg, s.d. 0.25 mg, s.d. 1 - 9 1.90 1.72 1.10 1.28 1.30 0.98 Honkalammi 2011b [18]
100 mg, s.d. 0.25 mg, s.d. 1 - 9 4.80 4.30 1.12 1.77 1.60 1.10 Honkalammi 2011b [18]
300 mg, s.d. 0.25 mg, s.d. 1 - 9 7.35 6.11 1.20 2.24 2.05 1.10 Honkalammi 2011b [18]
600 mg, s.d. 0.25 mg, s.d. 0 - 9 5.02 451" 1.10 1.43 1.41 1.01 Honkalammi 2011a [27]
600 mg, s.d. 0.25 mg, s.d. 1 - 9 8.12 5.93° 1.37 241 2.09 1.15 Honkalammi 2011a [27]
600 mg, s.d. 0.25 mg, s.d. 3 - 9 7.93 6.11° 1.30 241 2.07 1.16 Honkalammi 2011a [27]
600 mg, s.d. 0.25 mg, s.d. 6 - 9 7.54 5.20° 1.45 2.35 2.05 1.15 Honkalammi 2011a [27]
900 mg, s.d. 0.25 mg, s.d. 1 - 9 8.48 7.04 1.20 2.45 2.23 1.10 Honkalammi 2011b [18]
30 mg, b.i.d. 0.25 mg, s.d. 1 - 9 3.98 3.42° 1.17 1.87 1.45 1.28 Honkalammi 2012 [19]
100 mg, b.i.d. 0.25 mg, s.d. 1 - 9 6.44 5.34° 1.21 2.22 1.86 1.19 Honkalammi 2012 [19]
600 mg, b.i.d. 0.25 mg, s.d. 1 - 9 8.00 6.57 1.22 2.38 2.63 0.90 Backman 2009 [30]
600 mg, b.i.d. 0.25 mg, s.d. 24 - 9 541 2.83 1.91 2.11 1.87 1.13 Backman 2009 [30]
600 mg, b.i.d. 0.25 mg, s.d. 48 - 9 2.32 1.40 1.65 1.57 1.23 1.27 Backman 2009 [30]
600 mg, b.i.d. 0.25 mg, s.d. 96 - 9 1.19 0.98 1.22 1.11 1.07 1.04 Backman 2009 [30]
600 mg, b.i.d. 0.25 mg, s.d. 1 - 9 8.11 6.43° 1.26 2.44 2.05 1.19 Honkalammi 2012 [19]
600 mg, b.i.d. 0.25 mg, s.d. 1 521TT 9 9.00 7.02 1.28 2.62 2.60 1.01 Kalliokoski 2008b [49]
600 mg, b.i.d. 0.25 mg, s.d. 1 521TC 9 7.89 6.14 1.28 2.34 2.21 1.06 Kalliokoski 2008b [49]
600 mg, b.i.d. 0.25 mg, s.d. 1 521cc 9 6.54 5.51 1.19 2.03 1.88 1.08 Kalliokoski 2008b [49]
600 mg, b.i.d. 0.25 mg, s.d. 1 - 7 7.27 5.89 1.23 2.46 2.39 1.03 Niemi 2003a [52]
600 mg, b.i.d. 0.25 mg, s.d. 0 - 9 8.28 6.10 1.36 2.50 2.19 1.14 Tornio 2008 [31]
600 mg, b.i.d. 0.25 mg, s.d. 3 - 9 8.07 5.79 1.39 2.54 1.95 1.30 Tornio 2008 [31]
600 mg, b.i.d. 0.25 mg, s.d. 6 - 9 7.58 5.73 1.32 2.47 2.24 1.10 Tornio 2008 [31]
600 mg, b.i.d. 0.25 mg, s.d. 12 - 9 6.91 4.77 1.45 2.40 2.19 1.10 Tornio 2008 [31]

GMFE  1.29(1.10-1.91) 1.12 (1.01-1.30)

Pred/obs within 2-fold

23/23

23/23

2 time intervals between (last) perpetrator and victim drug administration; ®, calculated from observed plasma concentration-time profiles; -, not given; AUC, area under the concentration-time curve;
b.i.d., twice daily; Cnax, maximum plasma concentration; DDI, drug-drug interaction; GMFE, geometric mean fold error; obs, observed; pred, predicted, s.d., single dose; SLCO, solute carrier organic

anion transporter family member; t,s;, time of the last concentration measurement.
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4.3 Gemfibrozil-pioglitazone DDI

The gemfibrozil-pioglitazone DDI was predicted using the inhibition parameters of gemfibrozil and
gemfibrozil 1-O-B-glucuronide as described in Section 4.2.

Details on the 4 modeled clinical studies investigating the gemfibrozil-pioglitazone DDI are given in
Table S4.3.1. The population predictions of pioglitazone plasma concentration-time profiles with
and without gemfibrozil co-administration, compared to observed data, are shown in Figs. S4.3.1
and S4.3.2. The correlation of predicted and observed DDI AUC ratios and DDI Cmax ratios is shown
in Fig. S4.3.3. Table S4.3.2 lists the corresponding predicted and observed DDI AUC ratios, DDI Cmax

ratios as well as GMFE values.
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Table S4.3.1. Clinical study data of the gemfibrozil-pioglitazone DDI.

Perpetrator drug Victim drug Interval n Females Age Weight CYP2c8 Data set References
administration administration [hours] @ [%] [years] [kg] genotype

Gemfibrozil Pioglitazone

600 mg, b.i.d. 15 mg, s.d. 1 15 73 (35) (74.5) *1/*1 e Aquilante 2013 [6]
600 mg, b.i.d. 15 mg, s.d. 1 15 67 (37) (71.0) *3b e Aquilante 2013 [6]
600 mg, b.i.d. 15 mg, s.d. 1 12 25 20-27 55-85 - e Jaakkola 2005 [73]
600 mg, b.i.d. 30 mg, s.d. 1 10 0 22-23 54-80 - e Deng 2005 [77]

2 time intervals between (last) perpetrator and victim drug administration; ®, CYP2C8*1/*3: n=14, CYP2C8*3/*3: n=1; values for age and weight are given as range (mean); -,

not given; b.i.d., twice daily; CYP, cytochrome P450; DDI, drug-drug interaction; e, external data set (model evaluation); n, number of individuals studied; s.d., single dose.
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(a) Pioglitazone - po, 15 mg, s.d. (b) Pioglitazone - po, 15 mg, s.d.
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Fig. S4.3.1. Pioglitazone plasma concentration-time profiles during the gemfibrozil-pioglitazone
DDI (semilogarithmic). Observed data are shown as triangles + SD (dark blue: control, light blue:
with gemfibrozil). Pioglitazone population simulation arithmetic means are shown as lines (dark
blue: control, light blue: with gemfibrozil). The shaded areas represent the 68% population
prediction intervals. Detailed information about dosing regimens and study populations is given in
Table S4.3.1. DDI AUC ratios and DDI Cnax ratios are compared in Table $4.3.2.

b.i.d., twice daily; conc, concentration; s.d., single dose.
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(a) Pioglitazone - po, 15 mg, s.d.

(b) Pioglitazone - po, 15 mg, s.d.
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Fig. S4.3.2. Pioglitazone plasma concentration-time profiles during the gemfibrozil-pioglitazone
DDI (linear). Observed data are shown as triangles + SD (dark blue: control, light blue: with
gemfibrozil). Pioglitazone population simulation arithmetic means are shown as lines (dark blue:
control, light blue: with gemfibrozil). The shaded areas represent the 68% population prediction
intervals. Detailed information about dosing regimens and study populations is given in Table 54.3.1.
Predicted and observed DDI AUC ratios and DDI Cmax ratios are compared in Table S4.3.2.

b.i.d., twice daily; conc, concentration; s.d., single dose.
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Fig. $4.3.3. Correlation of predicted and observed gemfibrozil-pioglitazone DDI AUC ratios and DDI
Cmax ratios of all studies. The straight black line marks the line of identity. Light grey lines indicate
0.8-to 1.25-fold; dark grey lines indicate 0.5- to 2-fold prediction acceptance limits. The curved black

lines show the prediction success limits suggested by Guest et al. [143]. Detailed information about

dosing regimens and study populations is given in Table S4.3.1. The plotted DDI AUC ratios and DDI

Cmax

ratios are listed in Table S4.3.2.
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Table S4.3.2. Predicted compared to observed DDI AUC ratios and DDI Cnmax ratios of the gemfibrozil-pioglitazone DDI.

Perpetrator drug Victim drug Interval CYP2C8 tiast DDI AUC ratio Pred/Obs DDI Cmax ratio  Pred/Obs References

administration administration [hours]® genotype [hours] DDI AUC ratio DDI Cmax ratio

Gemfibrozil Pioglitazone pred obs pred  obs

600 mg, b.i.d. 15 mg, s.d. 1 *1/*1 48 3.62 2.49 1.45 1.24 1.09 1.14 Aquilante 2013 [6]

600 mg, b.i.d. 15 mg, s.d. 1 *3b 48 5.93 3.26 1.82 143 1.15 1.25 Aquilante 2013 [6]

600 mg, b.i.d. 15 mg, s.d. 1 - 48 3.15 2.51 1.26 1.21  1.06 1.14 Jaakkola 2005 [73]

600 mg, b.i.d. 30 mg, s.d. 1 - 24 2.24 2.26 0.99 1.21 111 1.09 Deng 2005 [77]
GMFE 1.35(1.01-1.82) 1.16 (1.09-1.25)

Pred/obs within 2-fold

4/4

4/4

2, time intervals between (last) perpetrator and victim drug administration; ®, CYP2C8*1/*3: n=14, CYP2C8*3/*3: n=1; -, not given; AUC, area under the concentration-time curve; b.i.d., twice
daily; Cnax, maximum plasma concentration; CYP, cytochrome P450; DDI, drug-drug interaction; GMFE, geometric mean fold error; obs, observed; pred, predicted, s.d., single dose; tiast, time of
the last concentration measurement.
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4.4 ltraconazole-repaglinide DDI

The itraconazole-repaglinide DDI was simulated using literature values to model the competitive
inhibition of CYP3A4 by itraconazole, hydroxy-itraconazole, keto-itraconazole and N-desalkyl-
itraconazole [92], as described previously [12]. The inhibition of OATP1B1 and OATP1B3 following
itraconazole administration is most likely caused by hydroxy-itraconazole [94]. Therefore, K values
for the inhibition of OATP1B1 and OATP1B3 by hydroxy-itraconazole were optimized (OATP1B1 K; =
18 nmol/l and OATP1B3 K; = 11 nmol/I) to describe the repaglinide plasma concentration-time
profiles during itraconazole co-administration. Itraconazole was modeled using formulation
properties (capsule fasted assumed) described previously [12] together with the optimized solubility
value of 14.5 mg/I at pH 6.5, as specified in Section 3.6.

Details on the modeled clinical study investigating the itraconazole-repaglinide DDI are given in
Table S4.4.1. The population predictions of repaglinide plasma concentration-time profiles with and
without itraconazole co-administration, compared to observed data, are shown in Fig. S4.4.1. The
correlation of predicted and observed DDI AUC ratios and DDI Cmax ratios is shown in Fig. S4.4.2.
Table S4.4.2 lists the corresponding predicted and observed DDI AUC ratios, DDI Cmax ratios as well

as GMFE values.
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Table S4.4.1. Clinical study data of the itraconazole-repaglinide DDI.

Perpetrator drug Victim drug Interval n Females Age Weight Data set References
administration administration [hours] @ [%] [years] [kgl

Itraconazole Repaglinide

100 mg®, b.i.d. 0.25 mg, s.d. 1 12 67 20-24 46-84 i Niemi 2003a [52]

3, time intervals between (last) perpetrator and victim drug administration; ®, first itraconazole dose 200 mg; values for age and weight are given as range;
b.i.d., twice daily; DDI, drug-drug interaction; i, internal data set (model building); n, number of individuals studied; s.d., single dose.

4-106



(a) Repaglinide - po, 0.25 mg, s.d. (b) Repaglinide - po, 0.25 mg, single dose

A Niemi 2003a - repaglinide control A Niemi 2003a - repaglinide control
with itraconazole (po, 100 mg, b.i.d.) 12 with itraconazole (po, 100 mg, b.i.d.)
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Fig. S4.4.1. Repaglinide plasma concentration-time profiles during the itraconazole-repaglinide
DDI (semilogarithmic and linear). Observed data are shown as triangles + SD (dark green: control,
light green: with itraconazole). Repaglinide population simulation arithmetic means are shown as
lines (dark green: control, light green: with itraconazole). The shaded areas represent the 68%
population prediction intervals. Detailed information about dosing regimens and study population
is given in Table S4.4.1. Predicted and observed DDI AUC ratios and DDI Cmax ratios are compared in
Table S4.4.2.

b.i.d., twice daily; conc, concentration; s.d., single dose.
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(a) DDI AUC ratios - itraconazole-repaglinide DDI (b) DDI Cmax ratios - itraconazole-repaglinide DDI
Niemi 2003a

10— Niemi 2003a 10"+
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Predicted DDI AUC ratio
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Ob1$0:rved DDI AUC ratio 10 Ob;gc;ved DDI Cmax ratio 10

Fig. $4.4.2. Correlation of predicted and observed itraconazole-repaglinide DDI AUC ratios and DDI
Cmax ratios. The straight black line marks the line of identity. Light grey lines indicate 0.8- to 1.25-
fold; dark grey lines indicate 0.5- to 2-fold prediction acceptance limits. The curved black lines show
the prediction success limits suggested by Guest et al. [143]. Detailed information about dosing
regimens and study population is given in Table S4.4.1. The plotted DDI AUC ratios and DDI Cmax

ratios are listed in Table S4.4.2.
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Table S4.4.2. Predicted compared to observed DDI AUC ratios and DDI Cnax ratios of the itraconazole-repaglinide DDI.

Perpetrator drug  Victim drug Interval tiast DDI AUCratio Pred/Obs DDI Cmax ratio  Pred/Obs References
administration administration [hours] @ [hours] DDI AUC ratio DDI Cmax ratio
Itraconazole Repaglinide pred  obs pred  obs
100 mg ®, b.i.d. 0.25 mg, s.d. 1 7 1.47 1.42 1.03 1.38 1.48 0.94 Niemi 2003a [52]
GMFE 1.03 1.07
Pred/obs within 2-fold 1/1 1/1

2 time intervals between (last) perpetrator and victim drug administration; ®, first itraconazole dose 200 mg; AUC, area under the concentration-time curve; b.i.d., twice daily;
Cmax, Maximum plasma concentration; DDI, drug-drug interaction; GMFE, geometric mean fold error; obs, observed; pred, predicted, s.d., single dose; t.s, time of the last
concentration measurement.
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4.5 ltraconazole-pioglitazone DDI

The itraconazole-pioglitazone DDI was modeled using the inhibition and solubility parameters of
itraconazole as described in Section 4.4.

Details on the modeled clinical study investigating the itraconazole-pioglitazone DDI are given in
Table S4.5.1. The population predictions of pioglitazone plasma concentration-time profiles with
and without itraconazole co-administration, compared to observed data, are shown in Fig. S4.5.1.
The correlation of predicted and observed DDI AUC ratios and DDI Crmax ratios is shown in Fig. S4.5.2.
Table S4.5.2 lists the corresponding predicted and observed DDI AUC ratios, DDI Cmax ratios as well

as GMFE values.
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Table S4.5.1. Clinical study data of the itraconazole-pioglitazone DDI.

Perpetrator drug Victim drug Interval n Females Age Weight Dataset References
administration administration [hours] @ [%] [years] [kg]

Itraconazole Pioglitazone

100 mg®, b.i.d. 15 mg, s.d. 1 12 25 20-27 55-85 e Jaakkola 2005 [73]

3, time intervals between (last) perpetrator and victim drug administration; ®, first itraconazole dose 200 mg; values for age and weight are given as
range; b.i.d., twice daily; DDI, drug-drug interaction; e, external data set (model evaluation); n, number of individuals studied; s.d., single dose.
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3 A Jaakkola 2005 - pioglitazone control A Jaakkola 2005 - pioglitazone control
10 4 with itraconazole (po, 100 mg, b.i.d.) 4 with itraconazole (po, 100 mg, b.i.d.)
Laa: 7001
)
i &
A 600
= 10% 3 =
S i £
Is) 50014
L L A
8 8 A
[o] 0400
S 10"t =
© a0 :\
£ £
(_wu (_wu 300 :k I
o o
3
10° 200
i
1001
-1
10 60 72 84 9% 0 60 Bz 84 96
Time [hours] Time [hours]

Fig. S4.5.1. Pioglitazone plasma concentration-time profiles during the itraconazole-pioglitazone
DDI (semilogarithmic and linear). Observed data are shown as triangles + SD (dark blue: control,
light blue: with itraconazole). Pioglitazone population simulation arithmetic means are shown as
lines (dark blue: control, light blue: with itraconazole). The shaded areas represent the 68%
population prediction intervals. Detailed information about dosing regimens and study population
is given in Table S4.5.1. Predicted and observed DDI AUC ratios and DDI Cmax ratios are compared in
Table S4.5.2.

b.i.d., twice daily; conc, concentration; s.d., single dose.
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(a) DDI AUC ratios - itraconazole-pioglitazone DDI (b) DDI Cmax ratios - itraconazole-pioglitazone DDI
Jaakkola 2005 101__ Jaakkola 2005
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Fig. $4.5.2. Correlation of predicted and observed itraconazole-pioglitazone DDI AUC ratios and
DDI Cmax ratios. The straight black line marks the line of identity. Light grey lines indicate 0.8- to
1.25-fold; dark grey lines indicate 0.5- to 2-fold prediction acceptance limits. The curved black lines
show the prediction success limits suggested by Guest et al. [143]. Detailed information about
dosing regimens and study population is given in Table S4.5.1. The plotted DDI AUC ratios and DDI
Cmax ratios are listed in Table S4.5.2.
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Table S4.5.2. Predicted compared to observed DDI AUC ratios and DDI Cnax ratios of the itraconazole-pioglitazone DDI.

Perpetrator drug Victim drug Interval tiast DDI AUC ratio Pred/Obs DDI Crmax ratio Pred/Obs References
administration administration  [hours] ? [hours] DDI AUC ratio DDI Cax ratio
Itraconazole Pioglitazone pred obs pred obs
100 mg ®, b.i.d. 15 mg, s.d. 1 48 1.00 1.08 0.92 1.00 1.05 0.95 Jaakkola 2005 [73]
GMFE 1.08 1.05
Pred/obs within 2-fold 1/1 1/1

2, time intervals between (last) perpetrator and victim drug administration; , first itraconazole dose 200 mg; AUC, area under the concentration-time curve; b.i.d., twice daily; Crmay,
maximum plasma concentration; DDI, drug-drug interaction, GMFE, geometric mean fold error; obs, observed; pred, predicted; s.d., single dose; ti.s, time of the last concentration

measurement.
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4.6 Gemfibrozil-itraconazole-repaglinide DDI

The gemfibrozil-itraconazole-repaglinide DDI was predicted using inhibition parameters of
gemfibrozil, gemfibrozil 1-O-B-glucuronide and itraconazole as described in Sections 4.2 and 4.4.
Itraconazole was modeled using formulation properties (capsule fasted assumed) described
previously [12] together with the optimized solubility value in the presence of gemfibrozil (0.69 mg/I
at pH 6.5), as specified in Section 3.6.

Details on the modeled clinical study investigating the gemfibrozil-itraconazole-repaglinide DDI are
given in Table S4.6.1. The population predictions of repaglinide plasma concentration-time profiles
with and without gemfibrozil plus itraconazole co-administration, compared to observed data, are
shown in Fig. S4.6.1. The correlation of predicted and observed DDI AUC ratios and DDI Cmax ratios
is shown in Fig. S4.6.2. Table S4.6.2 lists the corresponding predicted and observed DDI AUC ratios,

DDI Cmax ratios as well as GMFE values.
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Table S4.6.1. Clinical study data of the gemfibrozil-itracaonazole-repaglinide DDI.

Perpetrator drug Victim drug Interval n Females Age Weight Dataset References
administration administration [hours] @ [%] [years] [kgl
Gemfibrozil + Itraconazole  Repaglinide

G: 600 mg, b.i.d.+
I: 100 mg®, b.i.d.

0.25 mg, s.d. 1 12 67 20-24 46-84 e Niemi 2003a [52]

2 time intervals between (last) perpetrator and victim drug administration; b, first itraconazole dose 200 mg; values for age and weight are given as
range; b.i.d., twice daily; DDI, drug-drug interaction; e, external data set (model evaluation); n, number of individuals studied; s.d., single dose.
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Fig. $S4.6.1. Repaglinide plasma concentration-time profiles during the gemfibrozil-itraconazole-
repaglinide DDI (semilogarithmic and linear). Observed data are shown as triangles + SD (dark
green: control, light green: with gemfibrozil plus itraconazole). Repaglinide population simulation

arithmetic means are shown as lines (dark green: control, light green: with gemfibrozil plus
itraconazole). The shaded areas represent the 68% population prediction intervals. Detailed
information about dosing regimens and study population is given in Table S4.6.1. Predicted and
observed DDI AUC ratios and DDI Cmax ratios are compared in Table S4.6.2.

b.i.d., twice daily; conc, concentration; s.d., single dose.
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(a) DDI AUC ratios - gemfibrozil-itraconazole-repaglinide DDI (b) DDI Cmax ratios - gemfibrozil-itraconazole-repaglinide DDI
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Fig. S4.6.2. Correlation of predicted and observed gemfibrozil-itraconazole-repaglinide DDI AUC
ratios and DDI Cnax ratios. The straight black line marks the line of identity. Light grey lines indicate
0.8-to 1.25-fold; dark grey lines indicate 0.5- to 2-fold prediction acceptance limits. The curved black
lines show the prediction success limits suggested by Guest et al. [143]. Detailed information about
dosing regimens and study population is given in Table S4.6.1. The plotted DDI AUC ratios and DDI
Cmax ratios are listed in Table S4.6.2.
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Table S4.6.2. Predicted compared to observed DDI AUC ratios and DDI Cnmax ratios of the gemfibrozil-itraconazole-repaglinide DDI.

Perpetrator drug Victim drug Interval tiast DDI AUCratio Pred/Obs DDI Cmax ratio Pred/Obs References
administration administration  [hours] ® [hours] DDI AUC ratio DDI Crmax ratio
Gemfibrozil + Itraconazole  Repaglinide pred  obs pred  obs
G: 600 mg, b.i.d.+ 0.25 mg, s.d. 1 7 10.24 9.95 1.03 2.95 2.75 1.07 Niemi 2003a [52]
I: 100 mg®, b.i.d.
GMFE 1.03 1.07
Pred/obs within 2-fold 1/1 1/1

2 time intervals between (last) perpetrator and victim drug administration; ®, first itraconazole dose 200 mg; AUC, area under the concentration-time curve; b.i.d., twice daily; Cmax,
maximum plasma concentration; DDI, drug-drug interaction; GMFE, geometric mean fold error; obs, observed; pred, predicted, s.d., single dose; tist, time of the last concentration
measurement.
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4.7 Gemfibrozil-itraconazole-pioglitazone DDI

The gemfibrozil-itraconazole-pioglitazone DDI was modeled using the inhibition parameters of
gemfibrozil, gemfibrozil 1-O-B-glucuronide and itraconazole as described in Sections 4.2 and 4.4.
The gemfibrozil-itraconazole-pioglitazone interaction study was utilized to optimize the
itraconazole solubility values in the absence (14.5 mg/l at pH 6.5) and presence of gemfibrozil (0.69
mg/l at pH 6.5), as in this study, itraconazole concentration-time profiles before and during
gemfibrozil co-administration are reported, in addition to the DDI victim drug concentrations [73].
The gemfibrozil-itraconazole-pioglitazone DDI was modeled using the optimized solubility value in
the presence of gemfibrozil (0.69 mg/I at pH 6.5), as specified in Section 3.6.

Furthermore, to describe the plasma concentrations of pioglitazone during gemfibrozil plus
itraconazole co-administration, a second physicochemical interaction impacting pioglitazone
solubility was assumed. Gemfibrozil-pioglitazone co-administration leads to observed DDI ratios of
2.51 for AUC and of 1.06 for Cmax [73]. Itraconazole-pioglitazone co-administration leads to observed
DDI ratios of 1.08 for AUC and of 1.05 for Cmax [73] (no interaction assumed). The co-administration
of both perpetrator drugs together with pioglitazone leads to observed DDI ratios of 2.15 for AUC
and of 0.75 for Cmax [73], which is much less than during the gemfibrozil-pioglitazone DDI. Like
itraconazole, pioglitazone is poorly soluble with a reported solubility of 16.8 mg/l at pH 6.5 [82]. To
describe the pioglitazone plasma concentrations during the gemfibrozil-itraconazole-pioglitazone
DD, pioglitazone solubility was optimized to 1.59 mg/| at pH 6.5.

Details on the modeled clinical study investigating the gemfibrozil-itraconazole-pioglitazone DDl are
given in Table S4.7.1. The population predictions of pioglitazone plasma concentration-time profiles
with and without gemfibrozil plus itraconazole co-administration, compared to observed data, are
shown in Fig. S4.7.1. The correlation of predicted and observed DDI AUC ratios and DDI Cmax ratios
is shown in Fig. S4.7.2. Table S4.7.2 lists the corresponding predicted and observed DDI AUC ratios,

DDI Cmax ratios as well as GMFE values.
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Table S4.7.1. Clinical study data of the gemfibrozil-itraconazole-pioglitazone DDI.

Perpetrator drug Victim drug Interval n Females Age Weight Dataset References
administration administration [hours]? [%] [years] [kg]

Gemfibrozil + Itraconazole  Pioglitazone

G: 600 mg, b.i.d. + 15 mg, s.d. 1 12 25 20-27 55-85 e Jaakkola 2005 [73]

I: 100 mg®, b.i.d.

2 time intervals between (last) perpetrator and victim drug administration; , first itraconazole dose 200 mg; values for age and weight are given as
range; b.i.d., twice daily; DDI, drug-drug interaction; e, external data set (model evaluation); n, number of individuals studied; s.d., single dose.

4-121



(b) Pioglitazone - po, 15 mg, s.d.

104_(23) Pioglitazone - po, 15 mg, s.d. 900
5 4 Jaakkola 2005 - pioglitazone control A Jaakkola 2005 - pioglitazone control
4 with gemfibrozil (po, 600 mg, b.i.d.) 4 with gemfibrozil (po, 600 mg, b.i.d.)
plus itraconazole (po, 100 mg, b.i.d.) 800 plus itraconazole (po, 100 mg, b.i.d.)
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Fig. S4.7.1. Pioglitazone plasma concentration-time profiles during the gemfibrozil-itraconazole-
pioglitazone DDI (semilogarithmic and linear). Observed data are shown as triangles + SD (dark
blue: control, light blue: with gemfibrozil plus itraconazole). Pioglitazone population simulation
arithmetic means are shown as solid lines (dark blue: control, light blue: with gemfibrozil plus
itraconazole), dashed lines illustrate the prediction of the gemfibrozil-itraconazole-pioglitazone DDI
without pioglitazone solubility adjustment. The shaded areas represent the 68% population
prediction intervals. Detailed information about dosing regimens and study population is given in
Table S4.7.1. Predicted and observed DDI AUC ratios and DDI Cmax ratios are compared in Table
S4.7.2.

b.i.d., twice daily; conc, concentration; s.d., single dose.
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(a) DDI AUC ratios - gemfibrozil-itraconazole-pioglitazone DDI (b) DDI Cmax ratios - gemfibrozil-itraconazole-pioglitazone DDI
Jaakkola 2005 | @ Jaakkola 2005
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Pre)dicted DDI AUC ratio
o

Predicted DDI Cmax ratio
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10° _ 10’ 10" 100
Observed DDI AUC ratio Observed DDI Cmax ratio

Fig. S4.7.2. Correlation of predicted and observed gemfibrozil-itraconazole-pioglitazone DDI AUC
ratios and DDI Cnax ratios. The straight black line marks the line of identity. Light grey lines indicate
0.8-to 1.25-fold; dark grey lines indicate 0.5- to 2-fold prediction acceptance limits. The curved black
lines show the prediction success limits suggested by Guest et al. [143]. Detailed information about
dosing regimens and study population is given in Table S4.7.1. The plotted DDI AUC ratios and DDI
Cmax ratios are listed in Table S4.7.2.
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Table S4.7.2. Predicted compared to observed DDI AUC ratios and DDI Cnax ratios of the gemfibrozil-itraconazole-pioglitazone DDI.

Perpetrator drug Victim drug Interval tiast DDI AUC ratio Pred/Obs DDI Cmax ratio  Pred/Obs References
administration administration [hours]? [hours] DDI AUC ratio DDI Cpmax ratio
Gemfibrozil + Itraconazole  Pioglitazone pred  obs pred obs
G: 600 mg, b.i.d. + 15 mg, s.d. 1 48 2.06 2.15 0.96 0.75 0.75 0.99 Jaakkola 2005 [73]
I: 100 mg®, b.i.d.
GMFE 1.05 1.01
Pred/obs within 2-fold 1/1 1/1

2 time intervals between (last) perpetrator and victim drug administration; °, first itraconazole dose 200 mg; AUC, area under the concentration-time curve; b.i.d., twice daily; Cmay,
maximum plasma concentration; DDI, drug-drug interaction; GMFE, geometric mean fold error; obs, observed; pred, predicted; s.d., single dose; t.st, time of the last concentration

measurement.
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4.8 Rifampicin-repaglinide DDI

The rifampicin-repaglinide DDI was predicted using interaction parameters for the induction of
CYP3A4 and OATP1B1 and for the competitive inhibition of CYP3A4, that have been established
during the rifampicin model development [12]. To model the induction of CYP2C8 by rifampicin, the
same mechanism of transcriptional activation via PXR [144] and therefore, the same ECsp value was
assumed as for the rifampicin CYP3A4 induction (ECso = 0.34 umol/l) [105,106]; Emax = 3.2 was taken
from literature, measured in human hepatocytes [112]. The competitive inhibition of CYP2C8 by
rifampicin was modeled with Ki = 30.2 umol/l, determined with human liver microsomes [16].
According to [141], the fuinc of rifampicin in this microsomal assay is assumed to be very close to 1.0.
To describe the competitive inhibition of OATP1B1 by rifampicin, Ki = 0.477 umol/l was applied,
measured with OATP1B1-expressing HEK-293 cells [17]. For lack of information on binding of
rifampicin in this assay, fuinc was assumed to be 1.0. To model the induction of OATP1B3 by
rifampicin, the same ECso = 0.34 umol/l and Emax = 0.38 were applied as for the induction of OATP1B1
[12]. The competitive inhibition of OATP1B3 by rifampicin was described with Ki = 0.90 umol/I,
determined in OATP1B3-transfected CHO cells [113]. As no information on binding of rifampicin in
this uptake assay was available, fuinc was assumed to be 1.0. Details on the modeled clinical study
investigating the rifampicin-repaglinide DDI are given in Table S4.8.1. The population predictions of
repaglinide plasma concentration-time profiles with and without rifampicin co-administration,
compared to observed data, are shown in Fig. S4.8.1. The correlation of predicted and observed DDI
AUC ratios and DDI Cmax ratios is shown in Fig. S4.8.2. Table S4.8.2 lists the corresponding predicted

and observed DDI AUC ratios, DDI Cnax ratios as well as GMFE values.
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Table S4.8.1. Clinical study data of the rifampicin-repaglinide DDI.

Perpetrator drug Victim drug Interval n Females Age Weight Dataset References
administration administration [hours] @ [%] [years] [kg]

Rifampicin Repaglinide

600 mg, g.d. 0.25 mg, s.d. 12.5 9 56 19-25 48-80 e Niemi 2000 [55]

a time intervals between (last) perpetrator and victim drug administration; values for age and weight are given as range; DDI, drug-drug
interaction; e, external data set (model evaluation); n, number of individuals studied; q.d., once daily; s.d., single dose.
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(a) Repaglinide - po, 0.5 mg, s.d. (b) Repaglinide - po, 0.5 mg, s.d.

14
A Niemi 2000 - repaglinide control A Niemi 2000 - repaglinide control
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Fig. S4.8.1. Repaglinide plasma concentration-time profiles during the rifampicin-repaglinide DDI
(semilogarithmic and linear). Observed data are shown as triangles + SD (dark green: control, light
green: with rifampicin). Repaglinide population simulation arithmetic means are shown as lines
(dark green: control, light green: with rifampicin). The shaded areas represent the 68% population
prediction intervals. Detailed information about dosing regimens and study population is given in
Table S4.8.1. Predicted and observed DDI AUC ratios and DDI Cmax ratios are compared in Table
S4.8.2.

conc, concentration; g.d. once daily; s.d., single dose.
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(a) DDI AUC ratios - rifampicin-repaglinide DDI (b) DDI Cmax ratios - rifampicin-repaglinide DDI
| Niemi 2000 | Niemi 2000
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Fig. $4.8.2. Correlation of predicted and observed rifampicin-repaglinide DDI AUC ratios and DDI
Cmax ratios. The straight black line marks the line of identity. Light grey lines indicate 0.8- to 1.25-
fold; dark grey lines indicate 0.5- to 2-fold prediction acceptance limits. The curved black lines show
the prediction success limits suggested by Guest et al. [143]. Detailed information about dosing
regimens and study population is given in Table S4.8.1. The plotted DDI AUC ratios and DDI Cmax
ratios are listed in Table $4.8.2.
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Table S4.8.2. Predicted compared to observed DDI AUC ratios and DDI Cnax ratios of the rifampicin-repaglinide DDI.

Perpetrator drug Victim drug Interval tiast DDI AUCratio Pred/Obs DDI Cmax ratio  Pred/Obs References
administration administration [hours] ? [hours] DDI AUC ratio DDI Cmax ratio
Rifampicin Repaglinide pred obs pred  obs
600 mg, q.d. 0.25 mg, s.d. 12.5 7 0.36 0.43 0.83 0.50 0.58 0.85 Niemi 2000 [55]
GMFE 1.20 1.17
Pred/obs within 2-fold 1/1 1/1

2, time intervals between (last) perpetrator and victim drug administration; AUC, area under the concentration-time curve; Cnax, maximum plasma concentration; DDI, drug-drug
interaction; GMFE, geometric mean fold error; obs, observed; pred, predicted, g.d., once daily; s.d., single dose; tist, time of the last concentration measurement.
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4.9 Rifampicin-pioglitazone DDI

The rifampicin-pioglitazone DDI was predicted using the interaction parameters of rifampicin as
described in Section 4.8.

Details on the modeled clinical study investigating the rifampicin-pioglitazone DDI are given in Table
S4.9.1. The population predictions of pioglitazone plasma concentration-time profiles with and
without rifampicin co-administration, compared to observed data, are shown in Fig. S4.9.1. The
correlation of predicted and observed DDI AUC ratios and DDI Cmax ratios is shown in Fig. S4.9.2.
Table S4.9.2 lists the corresponding predicted and observed DDI AUC ratios, DDI Cmax ratios as well

as GMFE values.
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Table $4.9.1. Clinical study data of the rifampicin-pioglitazone DDI.

Perpetrator drug Victim drug Interval n Females Age Weight Dataset References
administration administration [hours] @ [%] [years] [kg]

Rifampicin Pioglitazone

600 mg, q.d. 30 mg, s.d. 13 10 30 21-24 57-79 e Jaakkola 2006a [78]

a, time intervals between (last) perpetrator and victim drug administration; values age and weight given as range; DDI, drug-drug interaction; e, external
data set (model evaluation); n, number of individuals studied; g.d., once daily; s.d., single dose.
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(a) Pioglitazone - po, 30 mg, s.d. (b) Pioglitazone - po, 30 mg, s.d.

5 A Jaakkola 2006a - pioglitazone control 1400 A Jaakkola 2006a - pioglitazone control
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Fig. $4.9.1 Pioglitazone plasma concentration-time profiles during the rifampicin-pioglitazone DDI
(semilogarithmic and linear). Observed data are shown as triangles + SD (dark blue: control, light
blue: with rifampicin). Pioglitazone population simulation arithmetic means are shown as lines (dark
blue: control, light blue: with rifampicin). The shaded areas represent the 68% population prediction
intervals. Detailed information about dosing regimens and study population is given in Table 54.9.1.
Predicted and observed DDI AUC ratios and DDI Cnax ratios are compared in Table $4.9.2.

conc, concentration; g.d., once daily; s.d., single dose.
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(a) DDI AUC ratios - rifampicin-pioglitazone DDI (b) DDI Cmax ratios - rifampicin-pioglitazone DDI
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Fig. S4.9.2. Correlation of predicted and observed rifampicin-pioglitazone DDI AUC ratios and DDI
Cmax ratios. The straight black line marks the line of identity. Light grey lines indicate 0.8- to 1.25-
fold; dark grey lines indicate 0.5- to 2-fold prediction acceptance limits. The curved black lines show
the prediction success limits suggested by Guest et al.[143]. Detailed information about dosing
regimens and study population is given in Table S4.9.1. The plotted DDI AUC ratios and DDI Cmax
ratios are listed in Table $4.9.2.
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Table S4.9.2. Predicted compared to observed DDI AUC ratios and DDI Cmax ratios of the rifampicin-pioglitazone DDI.

Perpetrator drug Victim drug Interval  tiast DDI AUC ratio Pred/Obs DDI Crmax ratio Pred/Obs References
administration administration [hours]® [hours] DDI AUC ratio DDI Crmax ratio
Rifampicin Pioglitazone pred obs pred obs
600 mg, q.d. 30 mg, s.d. 13 48 0.38 0.47 0.82 0.75 0.95 0.79 Jaakkola 2006a [78]
GMFE 1.21 1.27
Pred/obs within 2-fold 1/1 1/1

a, time intervals between (last) perpetrator and victim drug administration; AUC, area under the concentration-time curve; Cnax, maximum plasma concentration; DDI, drug-drug
interaction; GMFE, geometric mean fold error; obs, observed; pred, predicted, g.d., once daily; s.d., single dose; tist, time of the last concentration measurement.
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4.10 Clarithromycin-repaglinide DDI

The clarithromycin-repaglinide DDI was predicted using interaction parameters for the MBI of
CYP3A4 by clarithromycin that have been established during the clarithromycin model development
[12]. The competitive inhibition of OATP1B1 and OATP1B3 by clarithromycin was modeled with K; =
5.3 umol/l for OATP1B1 and Ki = 14.0 umol/I for OATP1B3, measured in OATP1B1 and OATP1B3
overexpressing HEK-293 cells [94]. No correction of these in vitro values to account for fuinc was
applied, as no information on clarithromycin binding in this uptake assay could be found.

Details on the modeled clinical study investigating the clarithromycin-repaglinide DDI are given in
Table S4.10.1. The population predictions of repaglinide plasma concentration-time profiles with
and without clarithromycin co-administration, compared to observed data, are shown in Fig.
$4.10.1. The correlation of predicted and observed DDI AUC ratios and DDI Cmax ratios is shown in
Fig. $S4.10.2. Table S4.10.2 lists the corresponding predicted and observed DDI AUC ratios, DDI Cmax

ratios as well as GMFE values.
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Table S4.10.1. Clinical study data of the clarithromycin-repaglinide DDI.

Perpetrator drug Victim drug Interval n Females Age Weight Dataset References
administration administration [hours] @ [%] [years] [kel

Clarithromycin Repaglinide

250 mg, b.i.d. 0.25 mg, s.d. 1 9 44 22-27 (24.0) 52-83(67.4) e Niemi 2001 [51]

2, time intervals between (last) perpetrator and victim drug administration; values for age and weight are given as range (mean); b.i.d., twice daily; DDI,
drug-drug interaction; e, external data set (model evaluation); n, number of individuals studied; s.d., single dose.
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(b) Repaglinide - po, 0.25 mg, s.d. 10 (b) Repaglinide - po, 0.25 mg, s.d.
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Fig. S4.10.1. Repaglinide plasma concentration-time profiles during the clarithromycin-
repaglinide DDI (semilogarithmic and linear). Observed data are shown as triangles + SD (dark
green: control, light green: with clarithromycin). Repaglinide population simulation arithmetic
means are shown as lines (dark green: control, light green: with clarithromycin). The shaded areas
represent the 68% population prediction intervals. Detailed information about dosing regimens and
study population is given in Table S4.10.1. Predicted and observed DDI AUC ratios and DDI Cmax ratios
are compared in Table S4.10.2. b.i.d., twice daily; s.d., single dose.
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(a) DDI AUC ratios - clarithromycin-repaglinide DDI (b) DDI Cmax ratios - clarithromycin-repaglinide DDI
Niemi 2001 Niemi 2001
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Fig. S4.10.2. Correlation of predicted and observed clarithromycin-repaglinide DDI AUC ratios and
DDI Cmax ratios. The straight black line marks the line of identity. Light grey lines indicate 0.8- to
1.25-fold; dark grey lines indicate 0.5- to 2-fold prediction acceptance limits. The curved black lines
show the prediction success limits suggested by Guest et al. [143]. Detailed information about
dosing regimens and study population is given in Table S4.10.1. The plotted DDI AUC ratios and DDI
Cmax ratios are listed in Table S4.10.2.
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Table S4.10.2. Predicted compared to observed DDI AUC ratios and DDI Cmax ratios of the clarithromycin-repaglinide DDI.

Perpetrator drug Victim drug Interval tiast DDI AUC ratio Pred/Obs DDI Cmax ratio Pred/Obs References
administration administration [hours] 2 [hours] DDI AUC ratio DDI Cnax ratio
Clarithromycin Repaglinide pred pred obs
250 mg, b.i.d. 0.25 mg, s.d. 1 7 1.11 0.80 1.09 1.66 0.66 Niemi 2001 [51]
1.25 1.52
Pred/obs within 2-fold 1/1 1/1

a, time intervals between (last) perpetrator and victim drug administration; AUC, area under the concentration-time curve; b.i.d., twice daily, Crax, maximum plasma concentration;

DDI, drug-drug interaction; GMFE, geometric mean fold error; obs, observed; pred, predicted, s.d., single dose; ti,s, time of the last concentration measurement.
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