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1 Physiologically-based pharmacokinetic (PBPK)

modeling

1.1 PBPK model building

In this study, a PBPK model of trimethoprim was developed. PBPK model building was started
with an extensive literature search to collect physicochemical parameters, information on absorption,
distribution, metabolism and excretion (ADME), as well as clinical studies of intravenous and oral
administration in single- and multiple-dose regimens. In addition to drug plasma or whole blood
concentration-time profiles, further clinical data on fration excreted unchanged (fe) in urine were
integrated. The concentration-time profiles and other collected data of the clinical studies were
digitized and susbequently divided into a training dataset for model building and a test dataset for
model evaluation. The studies for the training dataset were selected to include intravenous and oral
administration, covering the whole published dosing range, single and multiple administration, as well
as information on fe in urine. Studies were preferred for the training dataset if they were conducted
with many participants, modern bioanalytical methods and frequent as well as late sampling. Model
input parameters that could not be informed from literature were optimized by fitting the model
simulations of all studies assigned to the training dataset simultaneously to their respective observed
data.

All clinical studies used for model development are listed in Table S1, including information about
the assignment of each study to the training or test dataset. Parameters of the final model are given
in Table S2.

1.2 Drug-gene interaction (DGI) modeling

Solute carrier family member (SLC) 22A2 polymorphism

The SLC22A2 gene encodes for the organic cation transporter (OCT) 2, which is mainly located
at the basolateral membrane of renal cells. The SLC22A2 808G>T allele leads to substitution of
an amino acid (Ser270Ala) caused by a single nucleotide polymorphism (SNP) (G808T, rs316019)
in exon 4 [1]. Several studies show decreased maximum plasma concentrations (Cmax) of about 13–
20% in hetero- and homocygous SLC22A2 808T allele compared to wildtype carriers, suggesting an
increased activity of the polymorphic transporter [2–5].

In the metformin DGI model, polymorphic OCT2 was implemented as two transporters with halved
reference concentration each (see Table S19) and optimized transport rate constant (kcat) values for
both alleles (2.67-fold higher kcat value in SLC22A2 808T allele carries [6], see Table S8).

Cytochrome P450 (CYP) 2C8 polymorphism

The CYP2C8*3 allele is characterized by substitution of two amino acids (Arg139Lys, Lys399Arg)
caused by two SNPs (G416A, A1196G) in exon 3 and exon 8, respectively [7, 8]. Carriers of the
CYP2C8*3 allele (either heterozygous or homozygous) show lower plasma concentrations and area
under the concentration-time curve (AUC) values of pioglitazone than CYP2C8*1*1 (wildtype)
carriers [9, 10], consistent with increased drug metabolism by CYP2C8 in vivo.

In the pioglitazone DGI model, polymorphic CYP2C8 was implemented as two enzymes with
halved reference concentration each (see Table S19). Different Michaelis-Menten constant (KM)
values for CYP2C8*1*1 and CYP2C8*3*3 (measured in human liver microsomes [11]) are reported
in the literature and thus used in the model, with optimized catalytic rate constant (kcat) values for
both alleles (see Table S14).
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1.3 Virtual individuals and populations

1.3.1 Virtual individuals

Virtual mean individuals were generated for each study according to the published demographic
information, with corresponding ethnicity, sex, age, body weight, height and glomerular filtration
rate (GFR), if available. If no information was provided, a European, male, 30-year-old individual
with mean body weight, height and GFR characteristics from the PK-Sim® population database was
used. Transporters and metabolizing enzymes relevant to the pharmacokinetics of the modeled drugs
were implemented in agreement with current literature, utilizing the PK-Sim® expression database
[12] to define their relative expression in the different organs of the body. The system-dependent
parameters for all models, including reference concentrations, tissue expression profiles as well as
protein half-lives in liver and intestine of all implemented transporters and enzymes, are given in
Table S19. In all virtual individuals, enterohepatic circulation (EHC) was enabled (EHC continuous
fraction set to 1) by assuming a continuous flow of the bile to the duodenum.

1.3.2 Virtual populations

To cover the variability in a population, virtual populations containing 100 individuals each were
created, with ethnicity, sex composition and age range adapted to each respective study protocol.
If no information on ethnicity or sex was available, a European population, 100% male and 20–50
years of age was assumed. In the generated virtual populations, system-dependent parameters such
as weight, height, organ volumes, blood flow rates, tissue compositions, etc. were varied by an imple-
mented algorithm in PK-Sim® within the limits of the ICRP, NHANES or Tanaka databases [13–15].
The reference concentrations of the implemented transporters and enzymes were log-normally dis-
tributed according to the variability reported in the PK-Sim® ontogeny database [12] or in the
literature. If no information could be found, reference concentrations were distributed with a mod-
erate variability of 35% CV (geometric standard deviation of 1.4), see Table S19.
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1.4 PBPK model evaluation

Model performance was evaluated with multiple methods. Predicted population plasma (or whole
blood) concentration-time profiles and fe in urine profiles were compared with the data observed in
the respective clinical studies. As the clinical data from literature is mostly reported as arithmetic
means ± SD, population prediction arithmetic means and 68% prediction intervals were plotted, that
correspond to the range of ± 1 SD around the mean if normal distribution is assumed.

Plots showing predicted plasma (or whole blood) concentration-time profiles of virtual populations
compared to observed data are presented in semilogarithmic (Figures S4 and S5) and linear plots
(Figures S6 and S7). Furthermore, plots showing predicted fe in urine profiles of virtual populations
compared to observed data are presented in Figures S8 and S9 (linear). A goodness-of-fit plot to
compare all predicted to their respective observed plasma (or whole blood) concentrations is shown in
Figure S10. Additionally, the trimethoprim model performance was evaluated using goodness-of-fit
plots of predicted to observed fe in urine, AUClast and Cmax values (see Figures S11 and S12).

1.4.1 Quantitative PBPK model evaluation

As quantitative performance measures, the mean relative deviation (MRD) of the predicted plasma
(or whole blood) concentrations was calculated according to Equation S1 and the geometric mean
fold errors (GMFEs) of fe in urine, AUClast and Cmax values were calculated according to Equation
S2.

MRD = 10x; x =

√√√√1

k

k∑
i=1

(log10 cpredicted,i − log10 cobserved,i)
2 (S1)

with cpredicted,i = predicted plasma (or whole blood) concentration, cobserved,i = corresponding ob-
served plasma (or whole blood) concentration, k = number of observed values. Overall MRD values
≤ 2 were considered reasonable predictions. MRD values for all studies of the trimethoprim model
are given in Table S3.

GMFE = 10x; x =
1

m

m∑
i=1

|log10(
predicted PK parameteri
observed PK parameteri

)| (S2)

with predicted PK parameteri = predicted fe in urine, AUClast or Cmax value, observed PK
parameteri = corresponding observed fe in urine, AUClast or Cmax value, m = number of studies.
Overall GMFEs of ≤ 2 were considered reasonable predictions. Tables S4 and S5 list the predicted
and observed fe in urine, AUClast and Cmax values of all studies as well as GMFEs for all studies of
the trimethoprim model.

1.4.2 PBPK model sensitivity analysis

Sensitivity of the final model to single parameters (local sensitivity analysis) was calculated, mea-
sured as relative change of AUC0–12, Cmax or time to maximum plasma concentration (tmax) at
steady state using the highest recommended dose of 160 mg twice daily. Sensitivity analysis was car-
ried out with a relative perturbation of 1000% (variation range 10.0, maximum number of 9 steps).
Parameters were included into the analysis if they have been optimized, if they are associated with
optimized parameters, or if they could have a strong impact due to their use in the calculation of
permeabilities or partition coefficients.

Sensitivity is calculated as the ratio of the relative change of the simulated AUC, Cmax or tmax

to the relative variation of the tested parameter around the parameter value used in the model,
according to Equation S3.

S =
∆PK

PK
· p

∆p
(S3)
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with S = sensitivity of the AUC, Cmax or tmax to the examined model parameter, ∆PK = change
of the AUC, Cmax or tmax, PK = simulated AUC, Cmax or tmax with the original parameter value,
∆p = change of the examined parameter value, p = original parameter value. The threshold value
for sensitivity was set to 0.5; this value signifies that a 100% change of the investigated parameter
causes a 50% change of the predicted AUC, Cmax or tmax. The results of the sensitivity analysis are
presented in Figure S13.
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1.5 Drug-drug(-gene) interaction (DD(G)I) modeling

1.5.1 Mathematical implementation of drug-drug interactions (DDIs)

DDI modeling - competitive inhibition

Competitive inhibition describes the reversible binding of an inhibitor to the active site of a trans-
porter or enzyme and, as a consequence, the competition of substrate and inhibitor for binding. Com-
petitive 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 KM is increased by the inhibition (KM,app, Equation S4). The reaction velocity (v) during co-
administration of substrate and competitive inhibitor is described by Equation S5 [16]:

KM,app = KM ·
(

1 +
[I]

Ki

)
(S4)

v =
vmax · [S]

KM,app + [S]
(S5)

with KM,app = Michaelis-Menten constant in the presence of inhibitor, KM = Michaelis-Menten
constant, [I] = free inhibitor concentration, Ki = dissociation constant of the inhibitor-transporter/
-enzyme complex, v = reaction velocity, vmax = maximum reaction velocity, [S] = free substrate
concentration.

DDI modeling - induction

Induction of a transporter or enzyme is often mediated by activation of the transcription factor
pregnane X receptor (PXR). The return to baseline activity requires the clearance of the inducer
and degradation of the induced protein (time-dependency). In the case of induction, the rate of
transporter or enzyme synthesis (Rsyn) is increased (Rsyn,app, Equation S6), while the degradation
rate constant (kdeg) remains unaffected. The transporter or enzyme turnover during administration
of inducer is described by Equation S7. The reaction velocity during co-administration of substrate
and inducer is described by Equation S8 [16]:

Rsyn,app = Rsyn ·
(

1 +
Emax · [Ind]

EC50 + [Ind]

)
(S6)

dE(t)

dt
= Rsyn,app − kdeg · E(t) (S7)

v =
vmax · [S]

KM + [S]
=
kcat · E(t) · [S]

KM + [S]
(S8)

with Rsyn,app = rate of transporter or enzyme synthesis in the presence of inducer, Rsyn = rate
of transporter or enyzme synthesis, Emax = maximal induction effect in vivo, [Ind] = free inducer
concentration, EC50 = concentration for half-maximal induction in vivo, E(t) = transporter or
enyzme concentration, kdeg = transporter or enzyme degradation rate constant, v = reaction velocity,
vmax = maximum reaction velocity, [S] = free substrate concentration, KM = Michaelis-Menten
constant, kcat = transport or catalytic rate constant.

1.5.2 DDI modeling

The correct prediction of the impact of a perpetrator drug on the pharmacokinetics of a victim drug
indicates (1) that the perpetrator model adequately describes the drug concentrations at the site(s)
of interaction and (2) that the victim drug model simulates the right amount of drug eliminated via
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the affected pathway. Therefore, DDI prediction is considered a valuable means to evaluate both
models (provided that the clinical DDI data was not used during model optimization).

Previously developed PBPK models of metformin, repaglinide, pioglitazone and rifampicin were
taken from literature without changes [6, 17, 18], and the DDI performance of the newly established
trimethoprim model was evaluated by prediction of clinical results from studies of trimethoprim
administered together with these different victim and perpetrator drug models (see Figure S1).

The simulations of the trimethoprim-metformin, trimethoprim-repaglinide and trimethoprim-pio-
glitazone DDIs in this study are predictions, as the interaction constants were taken from in vitro
literature and the studies were not used as training data for model building. Only the rifampicin-
trimethoprim DDI was used for model optimization, to inform the trimethoprim model processes
affected by rifampicin. Details on the modeled clinical DDI studies are provided in Tables S7, S10,
S13 and S16.

OCT2
CYP
2C8

Repaglinide

Trimethoprim 

MATE1

MetforminPioglitazone

OCT1

Rifampicin 

Trimethoprim 

P-gp P-gpP-gp
CYP 
3A4

Competitive inhibition Induction Transport/metabolism

a) b)

CYP 
3A4

Figure S1: Trimethoprim DDI network. (a) Trimethoprim is a multidrug and toxin extrusion
protein (MATE)1, OCT1, OCT2 and CYP2C8 inhibitor that impacts the pharmacokinetics of
metformin, repaglinide and pioglitazone. (b) On the other hand, trimethoprim is a victim drug in
the DDI with rifampicin. Rifampicin inhibits and in the long term induces P-glycoprotein (P-gp)
and CYP3A4 and thereby impacts the pharmacokinetics of trimethoprim. Drawings by Servier,
licensed under CC BY 3.0. CYP cytochrome P450, MATE multidrug and toxin extrusion protein,
OCT organic cation transporter, P-gp P-glycoprotein.

1.5.3 Drug-drug-gene interaction (DDGI) modeling

For metfomin and pioglitazone, clinical DDGI data is available [2, 10], to test the trimetho-
prim DDGI model performance. The simulations of the trimethoprim-metformin and trimethoprim-
pioglitazone DDGIs in this study are predictions, as the interaction constants were taken from litera-
ture and the studies were not used in the training dataset for model building. Details on the clinical
studies describing the trimethoprim-metformin and trimethoprim-pioglitazone DDGIs are given in
Tables S7 and S13.
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1.5.4 DD(G)I model performance evaluation

Plots of population predicted plasma concentration-time profiles of the victim drugs before and
during co-administration, compared to observed data, are presented in semilogarithmic (Figures S15,
S19a, S22 and S26) and linear plots (Figures S16, S19b, S23 and S27). Graphical comparisons of
predicted to observed DDI or DDGI AUClast ratios (Equation S9) and DDI or DDGI Cmax ratios
(Equation S10) are shown in Figures S17, S20, S24 and S28.

DDI or DDGI AUClast ratio =
AUClast victim drug during perpetrator co-administration

AUClast victim drug control
(S9)

DDI or DDGI Cmax ratio =
Cmax victim drug during perpetrator co-administration

Cmax victim drug control
(S10)

As quantitative performance measures, GMFE values for all predicted DDI and DDGI AUClast

and Cmax ratios were calculated according to Equation S2. The predicted and observed DDI and
DDGI AUClast and Cmax ratios with GMFE values for the different interactions are listed in Tables
S9, S12, S15 and S18.
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2 PBPK modeling of trimethoprim

2.1 Trimethoprim PBPK modeling

Trimethoprim is an inhibitor of bacterial folic acid metabolism used to treat bacterial infections.
It is either applied as a monotherapy or in combination with sulfonamides, e.g. sulfamethoxazole
(“cotrimoxazole”). Trimethoprim is one of the most frequently used antibiotics worldwide, ranking
fifth after penicillins, cephalosporins, macrolides and fluoroquinolones, with a global consumption of
5*109 standard units in 2010 [19].

Due to the frequent prescription of trimethoprim, investigation of its DDI potential is clinically
relevant. The antibiotic is a potent inhibitor of MATE1 and MATE2-K [20], and therefore recom-
mended by the FDA as clinical MATE inhibitor. Furthermore, trimethoprim less potently inhibits
OCT1 and OCT2 [21, 22]. In addition to its inhibition of transporters, trimethoprim is a weak
inhibitor of CYP2C8 [20].

The trimethoprim whole-body PBPK model was built and evaluated using a total number of 66
trimethoprim plasma or whole blood concentration-time profiles and 36 fe in urine profiles (intra-
venous and oral, single- and multiple-dose administration), covering a broad dosing range from of 40
to 960 mg. In 47 of the 66 clinical studies, trimethoprim was administered as “cotrimoxazole”, i.e. in
combination with sulfamethoxazole. According to literature [23, 24] and our own analyses, trimetho-
prim pharmacokinetic profiles are not altered by simultaneous administration of sulfamethoxazole
(see Figure S2). Consequently, studies with co-administration of trimethoprim and sulfamethoxazole
were included for model development. All utilized clinical studies are listed in Table S1.

The final trimethoprim PBPK model applies active efflux via P-gp (most strongly expressed in
intestine and kidney), metabolism by CYP3A4 (mainly in the liver with lower expression in the
intestine), an unspecific hepatic clearance and passive glomerular filtration. Trimethoprim is pri-
marily excreted unchanged in the urine (46–67% of an oral dose [24–26]). The implemented ADME
processes are visualized in Figure S3. The drug-dependent parameters of the final model are given
in Table S2. The model specific system-dependent parameters, with the expression profiles of the
incorporated transporter and metabolizing enzymes, are summarized in Table S19.

The good descriptive (training dataset, 13 studies) and predictive (test dataset, 53 studies) perfor-
mance of the trimethoprim model is demonstrated in semilogarithmic (Figures S4 and S5) and linear
plots (Figures S6 and S7), showing population predictions of plasma or whole blood concentration-
time profiles of all 66 analyzed clinical studies compared to their respective observed data. Population
predictions of fe in urine values are shown in Figures S8 and S9. Furthermore, a goodness-of-fit plot
with predicted versus observed plasma or whole blood concentrations is presented in Figure S10,
where 93% of all predicted plasma or whole blood concentrations are within 2-fold of the observed
data. A goodness-of-fit plot with fe in urine values is presented in Figure S11, where 100% of all
predicted fe in urine values are within 2-fold of the observed data. MRD values for all predicted
plasma or whole blood concentration-time profiles (58/66 studies with MRD ≤ 2), as well as GMFE
values for predicted fe in urine values (overall GMFE of 1.19), are documented in Tables S3 and S4,
respectively.

Correlation of predicted with observed AUClast (97% within 2-fold) and Cmax values (98% within 2-
fold) is presented in Figure S12. The plotted values for all studies are provided in Table S5, including
calculated GMFE values, with overall GMFEs of 1.29 and 1.20 for AUClast and Cmax, respectively.

Sensitivity analysis of a simulation of 160 mg trimethoprim twice daily, using a parameter pertur-
bation of 1000% and a sensitivity threshold of 0.5, showed that the only parameter value the model
predictions are sensitive to is the trimethoprim fraction unbound in plasma, for which a literature
value is used in the model (56% [27]). The full quantitative results of the sensitivity analysis are
shown in Section 2.5.7.
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Figure S2: Plasma or whole blood concentration-time profiles of trimethoprim administered alone or to-
gether with sulfamethoxazole as ”cotrimoxazole”. Comparison of trimethoprim (a-b) dose-normalized plasma
concentration-time and (c) fraction excreted unchanged in urine profiles of all studies, administered as a single
dose tablet of either trimethoprim only or trimethoprim together with sulfamethoxazole as ”cotrimoxazole”.
(d-e) Comparison of trimethoprim dose-normalized whole blood concentration-time profiles of one study by
Kaplan et al. [24], where trimethoprim was administered alone or as ”cotrimoxazole” in a cross-over design in
the same eight individuals. fe in urine fraction excreted unchanged in urine.
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Figure S3: Schematic illustration of the trimethoprim ADME processes in the model. Trimethoprim is
absorbed in the intestine with counteractive efflux via P-gp. About 20% of a trimethoprim dose are metabo-
lized [28] (modeled via CYP3A4 and an additional hepatic metabolic clearance (CLhep)). The main route of
trimethoprim elimination is urinary excretion (46–67% of an oral dose [24–26]) via glomerular filtration and
active tubular secretion via P-gp. Drawings by Servier, licensed under CC BY 3.0. CLhep hepatic metabolic
clearance, CYP cytochrome P450, P-gp P-glycoprotein, TMP trimethoprim.
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2.2 Clinical studies

The clinical studies used for trimethoprim PBPK model development are summarized in Table S1.

Table S1: Clinical studies of trimethoprim

Route Dose [mg] n Females [%] Age [years] Weight [kg] Height [cm] Dataset Reference

Trimethoprim

po (tab, sd) 100 18 33 - (73) - training Bach 1973 a [29]
po (tab, sd) 100 18 33 - (73) - test Bach 1973 b [29]
po (tab, sd) 100 18 33 - (73) - test Bach 1973 c [29]
po (tab, sd) 100 1 0 - 64.5 - test Bach 1973 [29]
po (tab, sd) 100 1 100 - 61.4 - test Bach 1973 [29]
po (tab, sd) 100 1 0 - 76.4 - test Bach 1973 [29]
po (-, sd) 100 1 - - - - test Weinfeld 1979 [25]
po (-, sd) 160 6 0 24-27 47-65 - test Guptat 1991 [26]
po (tab, sd) 200 6 - - - - test Bach 1973 a [29]
po (tab, sd) 200 6 - - - - test Bach 1973 b [29]
po (tab, sd) 200 6 - - - - training Bach 1973 c [29]
po (tab, sd) 200 1 0 - 64.5 - test Bach 1973 [29]
po (tab, sd) 200 1 100 - 61.4 - test Bach 1973 [29]
po (tab, sd) 200 1 0 - 76.4 - test Bach 1973 [29]
po (susp, sd) 3 /kg 12 25 27-45 - - training Hoppu 1987 [30]
po (susp, sd, fed) 3 /kg 12 25 27-45 - - training Hoppu 1987 [30]
po (tab, sd) 400 8 0 - (78.7) - test Kaplan 1973 [24]
po (-, sd) 400 10 45 18-48 45-94 - training Klimowicz 1988 [31]
po (tab, bid) 160 10 30 20-24 (22) 52-88 (69) - test Niemi 2004b [32]
po (-, bid) 400/200 10 45 18-48 45-94 - test Klimowicz 1988 [31]

Cotrimoxazole

iv (1 h, sd) 2 /kg 8 13 22-27 (23.8) (77.2) - test Hutabarat 1991 [33]
iv (1 h, sd) 200 6 33 22-31 (25) 57-77 (69) 168-183 (178) training Männistö 1982 [34]
iv (0.75 h, sd) 240 7 - 21-40 - - training Spicehandler 1982 [35]
iv (0.75 h, bid) 240 7 - 21-40 - - training Spicehandler 1982 [35]

po (susp, sd) 40 12 - - - - test Ratiopharm 1988 [36]
po (susp, sd) 40 16 0 - - - test Meda 2013 [37]
po (susp, sd) 80 12 - - - - test Ratiopharm 1988 [36]
po (tab, sd) 80 18 33 - (73) - test Bach 1973 a [29]

Values for age, weight and height are reported as range (mean). a Burroughs Wellcome Co., Inc., Research Triangle Park, NC, b Channing
Laboratory, Boston City Hospital, MA, c Hoffmann-La Roche Inc., Nutley, NJ. - not given, bid twice daily, caps capsule, iv intravenous,
n number of individuals studied, po oral, qid four times daily, sd single dose, susp oral suspension, tab tablet, test test dataset (model
evaluation), training training dataset (model building).
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Table S1: Clinical studies of trimethoprim (continued)

Route Dose [mg] n Females [%] Age [years] Weight [kg] Height [cm] Dataset Reference

po (tab, sd) 80 18 33 - (73) - test Bach 1973 b [29]
po (tab, sd) 80 18 33 - (73) - test Bach 1973 c [29]
po (tab, sd) 80 1 0 - 64.5 - test Bach 1973 [29]
po (tab, sd) 80 1 100 - 61.4 - test Bach 1973 [29]
po (tab, sd) 80 1 0 - 76.4 - test Bach 1973 [29]
po (tab, sd) 80 12 - - - - training Ratiopharm 1991 [28]
po (-, sd) 80 5 - - - - test DeAngelis 1990 [38]
po (susp, sd) 160 26 - 18-45 - - training Bedor 2008 [39]
po (caps, sd) 160 26 - 18-45 - - training Bedor 2008 [39]
po (tab, sd) 160 12 - - - - test Amini 2007 [40]
po (tab, sd) 160 6 - - - - test Bach 1973 a [29]
po (tab, sd) 160 6 - - - - test Bach 1973 b [29]
po (tab, sd) 160 6 - - - - test Bach 1973 c [29]
po (tab, sd) 160 36 - - - - test Ratiopharm 1987 [28]
po (tab, sd) 160 10 0 20-34 (24.2) 58-87 (66.5) 166-176 (171) test Flores-Murrieta 1990 [41]
po (tab, sd) 160 1 - - - - test Gochin 1981 [42]
po (tab, sd) 160 12 0 18-54 - - test Mistri 2010 [43]

po (tab, sd) 160 8 100 - 52-74 (60) - test Örtengren 1979 [44]
po (tab, sd) 160 6 33 26-35 (29.3) 50-75 (65) - test Varoquaux 1985 [45]
po (tab, sd) 160 10 50 18-25 58-80 - test Watson 1982 [46]
po (-, sd) 160 1 - - - - test Weinfeld 1979 [25]
po (-, sd) 160 1 - - - - test Weinfeld 1979 [25]
po (-, sd) 160 1 - - - - test Welling 1973 [47]
po (tab, sd) 320 5 40 22-27 56-78 - test Bruun 1981 [48]
po (-, sd) 320 1 0 50 64 170 test Królicki 2004 [49]
po (-, sd) 320 1 0 42 68 172 test Królicki 2004 [49]
po (-, sd) 320 1 0 52 80 170 test Królicki 2004 [49]
po (-, sd) 320 1 0 19 70 180 test Królicki 2004 [49]
po (tab, sd) 400 12 - - 56-108 (74.1) - test Eatman 1977 [50]
po (tab, sd) 400 24 0 - (75.9) - test Kaplan 1973 [24]
po (tab, sd) 720 7 - 24-34 - - test Yoshikawa 1976 [51]
po (tab, sd) 960 15 0 18-38 (26.8) 64-98 (77.1) - training Fass 1977 [52]

po (tab, bid) 160 8 100 - 52-74 (60) - test Örtengren 1979 [44]
po (tab, bid) 160 10 50 18-25 58-80 - test Watson 1982 [46]
po (-, bid) 160 1 - - - - test Reeves 1979 [53]
po (-, bid) 160 1 - - - - test Reeves 1979 [53]
po (-, qid) 3 /kg 6 0 (26.7) (73.7) - test Stevens 1993 [54]
po (tab, bid) 320 5 40 22-27 56-78 - test Bruun 1981 [48]
po (-, qid) 5 /kg 12 0 22-32 (28.2) 61-89 (75.8) - training Stevens 1991 [55]

Values for age, weight and height are reported as range (mean). a Burroughs Wellcome Co., Inc., Research Triangle Park, NC, b Channing
Laboratory, Boston City Hospital, MA, c Hoffmann-La Roche Inc., Nutley, NJ. - not given, bid twice daily, caps capsule, iv intravenous,
n number of individuals studied, po oral, qid four times daily, sd single dose, susp oral suspension, tab tablet, test test dataset (model
evaluation), training training dataset (model building).
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2.3 Trimethoprim drug-dependent parameters

Table S2: Drug-dependent parameters of the final trimethoprim PBPK model

Parameter Value Unit Source Literature Reference Description

Trimethoprim

MW 290.32 g/mol Literature 290.32 [57] Molecular weight
pKa (base) 7.12 Literature 6.60, 7.12, 7.30 [53, 57, 58] Acid dissociation constant
Solubility (pH 7.0) 0.40 g/L Literature 0.40 [57] Solubility
logP 1.01 Optimized 0.60, 0.73, 0.91, 1.43 [57, 59–61] Lipophilicity
fu 56 % Literature 42 – 65 [27, 33, 34, 45, 53, 62–64] Fraction unbound plasma
P-gp KM 195.75 µmol/L Optimized - - Michaelis-Menten constant
P-gp kcat 1.44 1/min Optimized - - Transport rate constant
CYP3A4 KM 375.57 µmol/L Optimized - - Michaelis-Menten constant
CYP3A4 kcat 0.56 1/min Optimized - - Catalytic rate constant
CLhep 1.61E-02 1/min Optimized - - Hepatic metabolic clearance
GFR fraction 1 Assumed - - Fraction of filtered drug in the urine
EHC continuous fraction 1 Assumed - - Fraction of bile continually released
MATE1 Ki 4.45 µmol/L Literature 0.51, 2.64, 3.29, 3.94, 4.06, [21, 22, 65–67] Conc. for 50% inhibition (competitive)

4.58, 6.30, 6.73, 7.99 a

OCT1 Ki 32.20 µmol/L Literature 27.70, 36.70 a [21, 22] Conc. for 50% inhibition (competitive)
OCT2 Ki 47.82 µmol/L Literature 13.20, 19.80, 27.20, [21, 22, 65, 68, 69] Conc. for 50% inhibition (competitive)

32.30, 57.40, 137.00 a

CYP2C8 Ki 4.85 µmol/L Literature 2.25, 3.80, 8.50 a [70] Conc. for 50% inhibition (competitive)
Partition coefficients Diverse Calculated Berezhkovskiy [71] Cell to plasma partition coefficients
Cellular permeability 4.96E-04 cm/min Calculated CDS [16] Permeability into the cellular space
Intestinal permeability 1.24E-02 cm/min Optimized 1.36E-06 Calculated Transcellular intestinal permeability

Formulation Weibull b Optimized - - Formulation used in predictions

a if half maximal inhibitory concentrations (IC50) were reported, Ki values were calculated using the Cheng-Prusoff equation [56], and then the mean Ki was used

in the model, b Weibull function with a dissolution time of 53.47, 94.86, 71.83 or 52.59 minutes (50% dissolved) and a dissolution shape of 0.91, 0.91, 0.89 or 1.00
(all optimized) for oral suspension fasted [36, 39], oral suspension fed [30], capsule fasted [39] and tablet fasted [28, 29, 31, 52, 55], respectively. Berezhkovskiy
Berezhkovskiy calculation method, CDS charge-dependent Schmitt calculation method, CLhep hepatic metabolic clearance, conc. concentration, CYP cytochrome
P450, EHC : enterohepatic circulation, GFR glomerular filtration rate, MATE multidrug and toxin extrusion protein, OCT organic cation transporter, P-gp
P-glycoprotein.

16



2.4 Profiles

2.4.1 Semilogarithmic plots - Plasma and whole blood
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Figure S4: Trimethoprim plasma (or whole blood) concentration-time profiles (semilogarithmic). Observed
data are shown as triangles (training dataset) or circles (test dataset) ± standard deviation. Population
simulation arithmetic means are shown as lines; the shaded areas represent the 68% population prediction
intervals. Details on dosing regimens, study populations and literature references are listed in Table S1.
Predicted and observed AUClast and Cmax values are summarized in Table S5. n number of individuals
studied, po oral, sd single dose.
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Figure S4: Trimethoprim plasma (or whole blood) concentration-time profiles (semilogarithmic). Observed
data are shown as triangles (training dataset) or circles (test dataset) ± standard deviation. Population
simulation arithmetic means are shown as lines; the shaded areas represent the 68% population prediction
intervals. Details on dosing regimens, study populations and literature references are listed in Table S1.
Predicted and observed AUClast and Cmax values are summarized in Table S5. bid twice daily, n number of
individuals studied, po oral, sd single dose. (continued)

18



100

101

0 24 48 72 96 120
Time [h]

Tr
im

et
ho

pr
im

 p
la

sm
a 

[µ
g/

m
L]

Klimowicz 1988
n = 10

Trimethoprim − po, 200 mg, bids)

Figure S4: Trimethoprim plasma (or whole blood) concentration-time profiles (semilogarithmic). Observed
data are shown as triangles (training dataset) or circles (test dataset) ± standard deviation. Population
simulation arithmetic means are shown as lines; the shaded areas represent the 68% population prediction
intervals. Details on dosing regimens, study populations and literature references are listed in Table S1.
Predicted and observed AUClast and Cmax values are summarized in Table S5. bid twice daily, n number of
individuals studied, po oral. (continued)
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Figure S5: Trimethoprim plasma (or whole blood) concentration-time profiles after ”cotrimoxazole” admin-
istration (semilogarithmic). Observed data are shown as triangles (training dataset) or circles (test dataset) ±
standard deviation. Population simulation arithmetic means are shown as lines; the shaded areas represent the
68% population prediction intervals. Details on dosing regimens, study populations and literature references
are listed in Table S1. Predicted and observed AUClast and Cmax values are summarized in Table S5. iv
intravenous, n number of individuals studied, po oral, sd single dose.
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Figure S5: Trimethoprim plasma (or whole blood) concentration-time profiles after ”cotrimoxazole” admin-
istration (semilogarithmic). Observed data are shown as triangles (training dataset) or circles (test dataset) ±
standard deviation. Population simulation arithmetic means are shown as lines; the shaded areas represent the
68% population prediction intervals. Details on dosing regimens, study populations and literature references
are listed in Table S1. Predicted and observed AUClast and Cmax values are summarized in Table S5. n
number of individuals studied, po oral, sd single dose. (continued)
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Figure S5: Trimethoprim plasma (or whole blood) concentration-time profiles after ”cotrimoxazole” admin-
istration (semilogarithmic). Observed data are shown as triangles (training dataset) or circles (test dataset) ±
standard deviation. Population simulation arithmetic means are shown as lines; the shaded areas represent the
68% population prediction intervals. Details on dosing regimens, study populations and literature references
are listed in Table S1. Predicted and observed AUClast and Cmax values are summarized in Table S5. n
number of individuals studied, po oral, sd single dose. (continued)
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Figure S5: Trimethoprim plasma (or whole blood) concentration-time profiles after ”cotrimoxazole” admin-
istration (semilogarithmic). Observed data are shown as triangles (training dataset) or circles (test dataset) ±
standard deviation. Population simulation arithmetic means are shown as lines; the shaded areas represent the
68% population prediction intervals. Details on dosing regimens, study populations and literature references
are listed in Table S1. Predicted and observed AUClast and Cmax values are summarized in Table S5. n
number of individuals studied, po oral, sd single dose. (continued)
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Figure S5: Trimethoprim plasma (or whole blood) concentration-time profiles after ”cotrimoxazole” admin-
istration (semilogarithmic). Observed data are shown as triangles (training dataset) or circles (test dataset) ±
standard deviation. Population simulation arithmetic means are shown as lines; the shaded areas represent the
68% population prediction intervals. Details on dosing regimens, study populations and literature references
are listed in Table S1. Predicted and observed AUClast and Cmax values are summarized in Table S5. bid
twice daily, n number of individuals studied, po oral, qid four times daily. (continued)
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Figure S5: Trimethoprim plasma (or whole blood) concentration-time profiles after ”cotrimoxazole” admin-
istration (semilogarithmic). Observed data are shown as triangles (training dataset) or circles (test dataset) ±
standard deviation. Population simulation arithmetic means are shown as lines; the shaded areas represent the
68% population prediction intervals. Details on dosing regimens, study populations and literature references
are listed in Table S1. Predicted and observed AUClast and Cmax values are summarized in Table S5. bid
twice daily, n number of individuals studied, po oral, qid four times daily. (continued)
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2.4.2 Linear plots - Plasma and whole blood
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Figure S6: Trimethoprim plasma (or whole blood) concentration-time profiles (linear). Observed data are
shown as triangles (training dataset) or circles (test dataset) ± standard deviation. Population simulation
arithmetic means are shown as lines; the shaded areas represent the 68% population prediction intervals.
Details on dosing regimens, study populations and literature references are listed in Table S1. Predicted and
observed AUClast and Cmax values are summarized in Table S5. n number of individuals studied, po oral, sd
single dose.
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Figure S6: Trimethoprim plasma (or whole blood) concentration-time profiles (linear). Observed data are
shown as triangles (training dataset) or circles (test dataset) ± standard deviation. Population simulation
arithmetic means are shown as lines; the shaded areas represent the 68% population prediction intervals.
Details on dosing regimens, study populations and literature references are listed in Table S1. Predicted and
observed AUClast and Cmax values are summarized in Table S5. bid twice daily, n number of individuals
studied, po oral, sd single dose. (continued)
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Figure S6: Trimethoprim plasma (or whole blood) concentration-time profiles (linear). Observed data are
shown as triangles (training dataset) or circles (test dataset) ± standard deviation. Population simulation
arithmetic means are shown as lines; the shaded areas represent the 68% population prediction intervals.
Details on dosing regimens, study populations and literature references are listed in Table S1. Predicted and
observed AUClast and Cmax values are summarized in Table S5. bid twice daily, n number of individuals
studied, po oral. (continued)
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Figure S7: Trimethoprim plasma (or whole blood) concentration-time profiles after ”cotrimoxazole” admin-
istration (linear). Observed data are shown as triangles (training dataset) or circles (test dataset) ± standard
deviation. Population simulation arithmetic means are shown as lines; the shaded areas represent the 68% pop-
ulation prediction intervals. Details on dosing regimens, study populations and literature references are listed
in Table S1. Predicted and observed AUClast and Cmax values are summarized in Table S5. iv intravenous, n
number of individuals studied, po oral, sd single dose.
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Figure S7: Trimethoprim plasma (or whole blood) concentration-time profiles after ”cotrimoxazole” admin-
istration (linear). Observed data are shown as triangles (training dataset) or circles (test dataset) ± standard
deviation. Population simulation arithmetic means are shown as lines; the shaded areas represent the 68%
population prediction intervals. Details on dosing regimens, study populations and literature references are
listed in Table S1. Predicted and observed AUClast and Cmax values are summarized in Table S5. n number
of individuals studied, po oral, sd single dose. (continued)
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Figure S7: Trimethoprim plasma (or whole blood) concentration-time profiles after ”cotrimoxazole” admin-
istration (linear). Observed data are shown as triangles (training dataset) or circles (test dataset) ± standard
deviation. Population simulation arithmetic means are shown as lines; the shaded areas represent the 68%
population prediction intervals. Details on dosing regimens, study populations and literature references are
listed in Table S1. Predicted and observed AUClast and Cmax values are summarized in Table S5. n number
of individuals studied, po oral, sd single dose. (continued)
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Figure S7: Trimethoprim plasma (or whole blood) concentration-time profiles after ”cotrimoxazole” admin-
istration (linear). Observed data are shown as triangles (training dataset) or circles (test dataset) ± standard
deviation. Population simulation arithmetic means are shown as lines; the shaded areas represent the 68%
population prediction intervals. Details on dosing regimens, study populations and literature references are
listed in Table S1. Predicted and observed AUClast and Cmax values are summarized in Table S5. n number
of individuals studied, po oral, sd single dose. (continued)
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Figure S7: Trimethoprim plasma (or whole blood) concentration-time profiles after ”cotrimoxazole” admin-
istration (linear). Observed data are shown as triangles (training dataset) or circles (test dataset) ± standard
deviation. Population simulation arithmetic means are shown as lines; the shaded areas represent the 68%
population prediction intervals. Details on dosing regimens, study populations and literature references are
listed in Table S1. Predicted and observed AUClast and Cmax values are summarized in Table S5. bid twice
daily, n number of individuals studied, po oral, sd single dose, qid four times daily. (continued)
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Figure S7: Trimethoprim plasma (or whole blood) concentration-time profiles after ”cotrimoxazole” admin-
istration (linear). Observed data are shown as triangles (training dataset) or circles (test dataset) ± standard
deviation. Population simulation arithmetic means are shown as lines; the shaded areas represent the 68%
population prediction intervals. Details on dosing regimens, study populations and literature references are
listed in Table S1. Predicted and observed AUClast and Cmax values are summarized in Table S5. bid twice
daily, n number of individuals studied, po oral, qid four times daily. (continued)
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2.4.3 Linear plots - Fraction excreted unchanged in urine
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Figure S8: Trimethoprim fraction excreted unchanged in urine profiles. Observed data are shown as triangles
(training dataset) or circles (test dataset) ± standard deviation. Population simulation arithmetic means are
shown as lines; the shaded areas represent the 68% population prediction intervals. Details on dosing regimens,
study populations and literature references are listed in Table S1. Predicted and observed fractions excreted
unchanged in urine are summarized in Table S4. fe in urine fraction excreted unchanged in urine, n number
of individuals studied, po oral, sd single dose.

35



0

25

50

75

100

0 6 12 18 24
Time [h]

Tr
im

et
ho

pr
im

 fe
 in

 u
rin

e 
[%

]
Bach 1973
n = 6

Trimethoprim − po, 200 mg, sdj)

0

25

50

75

100

0 6 12 18 24
Time [h]

Tr
im

et
ho

pr
im

 fe
 in

 u
rin

e 
[%

]

Bach 1973
n = 1

Trimethoprim − po, 200 mg, sdk)

0

25

50

75

100

0 6 12 18 24
Time [h]

Tr
im

et
ho

pr
im

 fe
 in

 u
rin

e 
[%

]

Bach 1973
n = 1

Trimethoprim − po, 200 mg, sdl)

0

25

50

75

100

0 6 12 18 24
Time [h]

Tr
im

et
ho

pr
im

 fe
 in

 u
rin

e 
[%

]

Bach 1973
n = 1

Trimethoprim − po, 200 mg, sdm)

0

25

50

75

100

0 6 12 18 24
Time [h]

Tr
im

et
ho

pr
im

 fe
 in

 u
rin

e 
[%

]
Hoppu 1987
n = 12

Trimethoprim − po, 3 mg/kg, sdn)

0

25

50

75

100

0 6 12 18 24
Time [h]

Tr
im

et
ho

pr
im

 fe
 in

 u
rin

e 
[%

]

Hoppu 1987 (fed)
n = 12

Trimethoprim − po, 3 mg/kg, sdo)

0

25

50

75

100

0 12 24 36 48 60 72
Time [h]

Tr
im

et
ho

pr
im

 fe
 in

 u
rin

e 
[%

]

Kaplan 1973
n = 8

Trimethoprim − po, 400 mg, sdp)

Figure S8: Trimethoprim fraction excreted unchanged in urine profiles. Observed data are shown as triangles
(training dataset) or circles (test dataset) ± standard deviation. Population simulation arithmetic means are
shown as lines; the shaded areas represent the 68% population prediction intervals. Details on dosing regimens,
study populations and literature references are listed in Table S1. Predicted and observed fractions excreted
unchanged in urine are summarized in Table S4. fe in urine fraction excreted unchanged in urine, n number
of individuals studied, po oral, sd single dose. (continued)
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Figure S9: Trimethoprim fraction excreted unchanged in urine profiles after ”cotrimoxazole” administra-
tion. Observed data are shown as triangles (training dataset) or circles (test dataset) ± standard deviation.
Population simulation arithmetic means are shown as lines; the shaded areas represent the 68% population
prediction intervals. Details on dosing regimens, study populations and literature references are listed in Table
S1. Predicted and observed fractions excreted unchanged in urine are summarized in Table S4. fe in urine
fraction excreted unchanged in urine, iv intravenous, n number of individuals studied, po oral, sd single dose.
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Figure S9: Trimethoprim fraction excreted unchanged in urine profiles after ”cotrimoxazole” administra-
tion. Observed data are shown as triangles (training dataset) or circles (test dataset) ± standard deviation.
Population simulation arithmetic means are shown as lines; the shaded areas represent the 68% population
prediction intervals. Details on dosing regimens, study populations and literature references are listed in Table
S1. Predicted and observed fractions excreted unchanged in urine are summarized in Table S4. fe in urine
fraction excreted unchanged in urine, n number of individuals studied, po oral, sd single dose. (continued)
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Figure S9: Trimethoprim fraction excreted unchanged in urine profiles after ”cotrimoxazole” administra-
tion. Observed data are shown as triangles (training dataset) or circles (test dataset) ± standard deviation.
Population simulation arithmetic means are shown as lines; the shaded areas represent the 68% population
prediction intervals. Details on dosing regimens, study populations and literature references are listed in Table
S1. Predicted and observed fractions excreted unchanged in urine are summarized in Table S4. fe in urine
fraction excreted unchanged in urine, n number of individuals studied, po oral, sd single dose. (continued)
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2.5 Trimethoprim PBPK model evaluation

2.5.1 Plasma and whole blood goodness-of-fit plot
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Figure S10: Comparison of predicted to the corresponding observed
trimethoprim plasma (or whole blood) concentration values of all clinical
studies. The solid line marks the line of identity, dotted lines indicate 1.25-
fold and dashed lines indicate 2-fold deviation. Data are shown as triangles
(training dataset) or dots (test dataset). Details on the study protocols are
given in table S1. WB whole blood.
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2.5.2 MRD of plasma and whole blood predictions

Table S3: MRD values of trimethoprim plasma (or whole blood) concentration predictions

Route Compartment Dose [mg] MRD Reference

Trimethoprim

Oral

po (tab, sd) Venous Blood Plasma 100 1.10 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 100 1.24 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 100 1.23 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 100 1.10 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 100 1.37 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 100 1.55 Bach 1973 [29]
po (-, sd) Venous Blood Plasma 100 1.64 Weinfeld 1979 [25]
po (tab, sd) Venous Blood Plasma 200 1.14 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 200 1.19 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 200 1.22 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 200 1.25 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 200 1.32 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 200 1.58 Bach 1973 [29]
po (susp, sd) Venous Blood Plasma 3 /kg 1.08 Hoppu 1987 [30]
po (susp, sd, fed) Venous Blood Plasma 3 /kg 1.27 Hoppu 1987 [30]
po (tab, sd) Venous Whole Blood 400 1.49 Kaplan 1973 [24]
po (-, sd) Venous Blood Plasma 400 1.47 Klimowicz 1988 [31]
po (tab, bid) Venous Blood Plasma 160 1.08 Niemi 2004b [32]
po (-, bid) Venous Blood Plasma 400/200 1.15 Klimowicz 1988 [31]

mean MRD (range) 1.29 (1.08 – 1.64)
19/19 with MRD ≤ 2

Cotrimoxazole

Intravenous

iv (1 h, sd) Venous Blood Plasma 2 /kg 1.66 Hutabarat 1991 [33]
iv (1 h, sd) Venous Blood Plasma 200 1.22 Mannistö 1982 [34]
iv (0.75 h, sd) Venous Blood Plasma 240 1.54 Spicehandler 1982 [35]
iv (0.75 h, bid) Venous Blood Plasma 240 1.27 Spicehandler 1982 [35]

mean MRD (range) 1.42 (1.22 – 1.66)
4/4 with MRD ≤ 2

Oral

po (susp, sd) Venous Blood Plasma 40 3.04 Ratiopharm 1988 [36]
po (susp, sd) Venous Blood Plasma 40 2.03 Meda 2013 [37]
po (susp, sd) Venous Blood Plasma 80 2.82 Ratiopharm 1988 [36]
po (tab, sd) Venous Blood Plasma 80 1.18 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 80 1.21 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 80 1.08 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 80 1.49 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 80 1.45 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 80 2.35 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 80 1.22 Ratiopharm 1991 [28]
po (-, sd) Venous Blood Plasma 80 1.13 DeAngelis 1990 [38]

bid twice daily, caps capsule, iv intravenous, MRD mean relative deviation, po oral, qid four
times daily, sd single dose, susp oral suspension, tab tablet.
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Table S3: MRD values of trimethoprim plasma concentration predictions (continued)

Route Compartment Dose [mg] MRD Reference

po (susp, sd) Venous Blood Plasma 160 1.19 Bedor 2008 [39]
po (caps, sd) Venous Blood Plasma 160 2.04 Bedor 2008 [39]
po (tab, sd) Venous Blood Plasma 160 1.31 Amini 2007 [40]
po (tab, sd) Venous Blood Plasma 160 2.14 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 160 1.07 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 160 1.07 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 160 2.68 Ratiopharm 1987 [28]
po (tab, sd) Venous Blood Plasma 160 1.48 Flores-Murrieta 1990 [41]
po (tab, sd) Venous Blood Plasma 160 1.44 Gochin 1981 [42]
po (tab, sd) Venous Blood Plasma 160 1.38 Mistri 2010 [43]

po (tab, sd) Venous Blood Plasma 160 1.07 Örtengren 1979 [44]
po (tab, sd) Venous Blood Plasma 160 1.40 Varoquaux 1985 [45]
po (tab, sd) Venous Blood Plasma 160 1.19 Watson 1982 [46]
po (-, sd) Venous Whole Blood 160 1.28 Weinfeld 1979 [25]
po (-, sd) Venous Whole Blood 160 1.37 Weinfeld 1979 [25]
po (-, sd) Venous Blood Plasma 160 1.52 Welling 1973 [47]
po (tab, sd) Venous Blood Plasma 320 1.22 Bruun 1981 [48]
po (-, sd) Venous Blood Plasma 320 1.45 Królicki 2004 [49]
po (-, sd) Venous Blood Plasma 320 1.41 Królicki 2004 [49]
po (-, sd) Venous Blood Plasma 320 1.86 Królicki 2004 [49]
po (-, sd) Venous Blood Plasma 320 1.38 Królicki 2004 [49]
po (tab, sd) Venous Whole Blood 400 1.47 Eatman 1977 [50]
po (tab, sd) Venous Whole Blood 400 1.23 Kaplan 1973 [24]
po (tab, sd) Venous Whole Blood 720 1.53 Yoshikawa 1976 [51]
po (tab, sd) Venous Blood Plasma 960 1.69 Fass 1977 [52]

po (tab, bid) Venous Blood Plasma 160 1.35 Örtengren 1979 [44]
po (tab, bid) Venous Blood Plasma 160 1.17 Watson 1982 [46]
po (-, bid) Venous Blood Plasma 160 1.37 Reeves 1979 [53]
po (-, bid) Venous Blood Plasma 160 1.21 Reeves 1979 [53]
po (-, qid) Venous Blood Plasma 3 /kg 1.97 Stevens 1993 [54]
po (tab, bid) Venous Blood Plasma 320 2.10 Bruun 1981 [48]
po (-, qid) Venous Blood Plasma 5 /kg 1.77 Stevens 1991 [55]

mean MRD (range) 1.55 (1.07 – 3.04)
35/43 with MRD ≤ 2

Overall MRD (range) 1.47 (1.07 – 3.04)
58/66 with MRD ≤ 2

bid twice daily, caps capsule, iv intravenous, MRD mean relative deviation, po oral, qid four
times daily, sd single dose, susp oral suspension, tab tablet.
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2.5.3 Fraction excreted unchanged in urine goodness-of-fit plot
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Figure S11: Comparison of predicted to observed trimethoprim fractions
excreted unchanged in urine of all clinical studies. The solid line marks the
line of identity, dotted lines indicate 1.25-fold and dashed lines indicate 2-
fold deviation. Data are shown as triangles (training dataset) or dots (test
dataset). Details on the study protocols and the predicted and observed
fraction excreted unchanged in urine values are given in Tables S1 and S4,
respectively.
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2.5.4 Predicted and observed fractions excreted unchanged in urine with mean
GMFE values and ranges

Table S4: Predicted and observed trimethoprim fractions excreted unchanged in urine

fe in urine

Route Dose [mg] tlast [h] Pred [%] Obs [%] Pred/Obs Reference

Trimethoprim

Oral

po (tab, sd) 100 24 49.8 60.3 0.83 Bach 1973 [29]
po (tab, sd) 100 24 49.8 47.2 1.06 Bach 1973 [29]
po (tab, sd) 100 24 49.8 49.8 1.00 Bach 1973 [29]
po (tab, sd) 100 24 52.4 54.8 0.96 Bach 1973 [29]
po (tab, sd) 100 24 53.3 45.9 1.16 Bach 1973 [29]
po (tab, sd) 100 24 50.3 65.1 0.77 Bach 1973 [29]
po (-, sd) 160 72 a 63.2 58.6 1.08 Guptat 1991 [26]
po (tab, sd) 200 24 49.8 61.6 0.81 Bach 1973 [29]
po (tab, sd) 200 24 49.8 44.7 1.11 Bach 1973 [29]
po (tab, sd) 200 24 49.8 49.9 1.00 Bach 1973 [29]
po (tab, sd) 200 24 52.5 36.2 1.45 Bach 1973 [29]
po (tab, sd) 200 24 53.3 40.9 1.30 Bach 1973 [29]
po (tab, sd) 200 24 50.3 40.0 1.26 Bach 1973 [29]
po (susp, sd) 3 /kg 24 50.6 31.3 1.61 Hoppu 1987 [30]
po (susp, sd, fed) 3 /kg 24 49.5 30.4 1.63 Hoppu 1987 [30]
po (tab, sd) 400 72 62.4 49.9 1.25 Kaplan 1973 [24]

mean GMFE (range) 1.22 (1.00 – 1.63)
16/16 with GMFE ≤ 2

Cotrimoxazole

Intravenous

iv (1 h, sd) 2 /kg 72 64.1 63.3 1.01 Hutabarat 1991 [33]
iv (1 h, sd) 200 48 62.2 64.0 0.97 Mannistö 1982 [34]

mean GMFE (range) 1.02 (1.01 – 1.03)
2/2 with GMFE ≤ 2

Oral

po (tab, sd) 80 24 49.8 65.9 0.76 Bach 1973 [29]
po (tab, sd) 80 24 49.8 56.7 0.88 Bach 1973 [29]
po (tab, sd) 80 24 49.8 52.0 0.96 Bach 1973 [29]
po (tab, sd) 80 24 52.4 47.7 1.10 Bach 1973 [29]
po (tab, sd) 80 24 53.3 43.6 1.22 Bach 1973 [29]
po (tab, sd) 80 24 54.0 81.2 0.67 Bach 1973 [29]
po (tab, sd) 160 24 49.8 62.0 0.80 Bach 1973 [29]
po (tab, sd) 160 24 49.8 52.0 0.96 Bach 1973 [29]
po (tab, sd) 160 24 49.8 51.6 0.96 Bach 1973 [29]
po (tab, sd) 160 48 61.5 71.2 0.86 Flores-Murrieta 1990 [41]
po (tab, sd) 160 48 60.4 61.5 0.98 Gochin 1981 [42]

po (tab, sd) 160 12 41.0 69.8 0.59 Örtengren 1979 [44]
po (tab, sd) 160 48 61.0 60.8 1.00 Varoquaux 1985 [45]
po (-, sd) 160 72 62.2 49.7 1.25 Weinfeld 1979 [25]
po (-, sd) 160 72 62.2 45.5 1.37 Weinfeld 1979 [25]
po (-, sd) 160 48 59.8 46.9 1.28 Welling 1973 [47]
po (tab, sd) 400 72 62.5 66.8 0.93 Kaplan 1973 [24]
po (tab, sd) 960 48 60.7 59.6 1.02 Fass 1977 [52]

mean GMFE (range) 1.18 (1.00 – 1.70)
18/18 with GMFE ≤ 2

Overall GMFE (range) 1.19 (1.00 – 1.70)
36/36 with GMFE ≤ 2

a time assumed. fe in urine fraction excreted unchanged in urine, GMFE geometric mean fold error, iv
intravenous, obs observed, po oral, pred predicted, sd single dose, susp oral suspension, tab tablet, tlast
time of the last urine measurement.
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2.5.5 AUClast and Cmax goodness-of-fit plots
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Figure S12: Comparison of predicted to the corresponding observed
trimethoprim (a) AUClast and (b) Cmax values of all clinical studies. The
solid line marks the line of identity, dotted lines indicate 1.25-fold and dashed
lines indicate 2-fold deviation. Data are shown as triangles (training dataset)
or dots (test dataset). Details on the study protocols and the predicted and
observed AUClast and Cmax values are given in Tables S1 and S5, respectively.
WB whole blood.
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2.5.6 Predicted and observed AUClast and Cmax values with mean GMFE values and ranges

Table S5: Predicted and observed trimethoprim AUClast and Cmax values

AUClast Cmax

Route Compartment Dose [mg] tlast [h] Pred [µg*h/mL] Obs [µg*h/mL] Pred/Obs Pred [µg/mL] Obs [µg/mL] Pred/Obs Reference

Trimethoprim

Oral

po (tab, sd) Venous Blood Plasma 100 24 13.1 13.1 1.00 1.01 1.11 0.91 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 100 24 13.1 10.5 1.25 1.01 1.02 0.99 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 100 24 13.1 15.2 0.86 1.01 1.19 0.85 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 100 24 13.9 14.7 0.94 1.16 1.14 1.02 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 100 24 14.2 16.8 0.84 1.20 1.44 0.83 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 100 24 12.6 10.1 1.24 1.04 0.92 1.13 Bach 1973 [29]
po (-, sd) Venous Blood Plasma 100 48 16.0 10.2 1.56 1.01 0.91 1.11 Weinfeld 1979 [25]
po (tab, sd) Venous Blood Plasma 200 24 26.3 28.6 0.92 2.03 2.29 0.88 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 200 24 26.3 21.8 1.20 2.03 2.07 0.98 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 200 24 26.3 27.6 0.95 2.03 2.57 0.79 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 200 24 27.6 22.0 1.26 2.31 2.20 1.05 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 200 24 28.4 28.5 1.00 2.40 2.93 0.82 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 200 24 26.3 16.1 1.63 2.08 1.49 1.39 Bach 1973 [29]
po (susp, sd) Venous Blood Plasma 3 /kg 24 28.2 27.0 1.05 2.23 2.10 1.06 Hoppu 1987 [30]
po (susp, sd, fed) Venous Blood Plasma 3 /kg 24 28.0 21.9 1.28 1.82 1.72 1.06 Hoppu 1987 [30]
po (tab, sd) Venous Whole Blood 400 24 40.2 55.2 0.73 3.26 3.67 0.89 Kaplan 1973 [24]
po (-, sd) Venous Blood Plasma 400 36 62.0 49.1 1.26 4.48 3.86 1.16 Klimowicz 1988 [31]
po (tab, bid) Venous Blood Plasma 160 24 31.3 27.9 1.12 3.30 3.05 1.08 Niemi 2004b [32]
po (-, bid) a Venous Blood Plasma 200 - - - - - - - Klimowicz 1988 [31]

mean GMFE (range) 1.21 (1.00 – 1.63) 1.13 (1.01 – 1.39)
18/18 with GMFE ≤ 2 18/18 with GMFE ≤ 2

Cotrimoxazole

Intravenous

iv (1 h, sd) Venous Blood Plasma 2 /kg 24 22.6 14.8 1.52 - - - Hutabarat 1991 [33]
iv (1 h, sd) Venous Blood Plasma 200 8 13.1 12.4 1.06 - - - Mannistö 1982 [34]
iv (0.75 h, sd) Venous Blood Plasma 240 12 22.6 17.7 1.28 - - - Spicehandler 1982 [35]
iv (0.75 h, bid) Venous Blood Plasma 240 12 81.4 70.8 1.15 - - - Spicehandler 1982 [35]

mean GMFE (range) 1.25 (1.06 – 1.52)
4/4 with GMFE ≤ 2

Oral

po (susp, sd) Venous Blood Plasma 40 60 6.6 3.8 1.72 0.41 0.34 1.20 Ratiopharm 1988 [36]
po (susp, sd) Venous Blood Plasma 40 60 6.6 3.4 1.92 0.41 0.31 1.30 Meda 2013 [37]
po (susp, sd) Venous Blood Plasma 80 60 13.1 7.9 1.66 0.82 0.68 1.20 Ratiopharm 1988 [36]
po (tab, sd) Venous Blood Plasma 80 24 10.5 9.3 1.13 0.81 0.76 1.07 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 80 24 10.5 8.9 1.18 0.81 0.68 1.19 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 80 24 10.5 11.3 0.93 0.81 0.87 0.93 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 80 24 11.0 7.6 1.44 0.92 0.80 1.15 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 80 24 11.3 8.6 1.31 0.96 1.00 0.96 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 80 24 11.3 5.5 2.05 0.85 0.58 1.47 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 80 60 13.1 11.6 1.14 0.86 0.80 1.07 Ratiopharm 1991 [28]
po (-, sd) Venous Blood Plasma 80 24 10.5 9.5 1.11 0.81 0.72 1.13 DeAngelis 1990 [38]

a No calculation of AUClast or Cmax, as only peak and trough values after multiple dose administration are given. AUC area under the concentration-time curve, bid twice daily, caps capsule,
Cmax peak plasma concentration, GMFE geometric mean fold error, iv intravenous, obs observed, po oral, pred predicted, sd single dose, susp oral suspension, tab tablet, tlast time of the last
concentration measurement, qid four times daily.
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Table S5: Predicted and observed trimethoprim AUClast and Cmax values (continued)

AUClast Cmax

Route Compartment Dose [mg] tlast [h] Pred [µg*h/mL] Obs [µg*h/mL] Pred/Obs Pred [µg/mL] Obs [µg/mL] Pred/Obs Reference

po (susp, sd) Venous Blood Plasma 160 48 24.7 20.9 1.19 1.55 1.40 1.10 Bedor 2008 [39]
po (caps, sd) Venous Blood Plasma 160 48 24.8 20.2 1.22 1.37 1.41 0.97 Bedor 2008 [39]
po (tab, sd) Venous Blood Plasma 160 30 23.2 18.0 1.29 1.71 1.37 1.25 Amini 2007 [40]
po (tab, sd) Venous Blood Plasma 160 24 21.0 21.2 0.99 1.62 1.82 0.89 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 160 24 21.0 20.3 1.04 1.62 1.72 0.94 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 160 24 21.0 22.7 0.92 1.62 1.64 0.99 Bach 1973 [29]
po (tab, sd) Venous Blood Plasma 160 72 26.6 18.3 1.46 1.71 1.17 1.47 Ratiopharm 1987 [28]
po (tab, sd) Venous Blood Plasma 160 48 27.7 24.3 1.14 1.82 1.29 1.41 Flores-Murrieta 1990 [41]
po (tab, sd) Venous Blood Plasma 160 24 20.7 14.6 1.42 1.71 1.57 1.09 Gochin 1981 [42]
po (tab, sd) Venous Blood Plasma 160 48 32.4 23.7 1.36 2.09 1.47 1.43 Mistri 2010 [43]

po (tab, sd) Venous Blood Plasma 160 12 18.4 18.4 1.00 2.17 2.27 0.95 Örtengren 1979 [44]
po (tab, sd) Venous Blood Plasma 160 24 23.2 18.1 1.28 1.89 1.43 1.32 Varoquaux 1985 [45]
po (tab, sd) Venous Blood Plasma 160 12 18.5 15.8 1.17 2.17 1.77 1.23 Watson 1982 [46]
po (-, sd) Venous Whole Blood 160 24 16.7 19.3 0.87 1.29 1.45 0.89 Weinfeld 1979 [25]
po (-, sd) Venous Whole Blood 160 24 16.7 20.3 0.82 1.29 1.34 0.96 Weinfeld 1979 [25]
po (-, sd) Venous Blood Plasma 160 24 20.0 15.1 1.33 1.62 1.12 1.45 Welling 1973 [47]
po (tab, sd) Venous Blood Plasma 320 12 30.0 29.7 1.01 3.67 2.89 1.27 Bruun 1981 [48]
po (-, sd) Venous Blood Plasma 320 48 56.7 55.8 1.02 3.86 2.64 1.46 Królicki 2004 [49]
po (-, sd) Venous Blood Plasma 320 48 52.0 36.9 1.41 3.63 3.13 1.16 Królicki 2004 [49]
po (-, sd) Venous Blood Plasma 320 48 55.9 35.3 1.58 3.41 2.53 1.35 Królicki 2004 [49]
po (-, sd) Venous Blood Plasma 320 48 55.8 50.7 1.10 3.53 2.67 1.32 Królicki 2004 [49]
po (tab, sd) Venous Whole Blood 400 24 42.3 62.8 0.67 3.37 4.64 0.73 Eatman 1977 [50]
po (tab, sd) Venous Whole Blood 400 24 40.5 48.1 0.84 3.32 3.21 1.03 Kaplan 1973 [24]
po (tab, sd) Venous Whole Blood 720 24 67.3 104.2 0.65 5.77 8.30 0.70 Yoshikawa 1976 [51]
po (tab, sd) Venous Blood Plasma 960 48 163.3 209.5 0.78 10.13 9.15 1.11 Fass 1977 [52]

po (tab, bid) Venous Blood Plasma 160 12 30.8 39.4 0.78 3.56 4.68 0.76 Örtengren 1979 [44]
po (tab, bid) a Venous Blood Plasma 160 - - - - - - - Watson 1982 [46]
po (-, bid) Venous Blood Plasma 160 12 21.0 32.3 0.65 3.08 4.63 0.66 Reeves 1979 [53]
po (-, bid) Venous Blood Plasma 160 12 27.3 24.6 1.11 3.08 2.75 1.12 Reeves 1979 [53]
po (-, qid) Venous Blood Plasma 3 /kg 72 124.9 198.6 0.63 7.58 8.28 0.92 Stevens 1993 [54]
po (tab, bid) Venous Blood Plasma 320 12 58.4 28.7 2.04 6.60 3.10 2.13 Bruun 1981 [48]
po (-, qid) Venous Blood Plasma 5 /kg 72 206.2 297.3 0.69 12.68 12.80 0.99 Stevens 1991 [55]

mean GMFE (range) 1.33 (1.00 – 2.05) 1.23 (1.01 – 2.13)
40/42 with GMFE ≤ 2 41/42 with GMFE ≤ 2

Overall GMFE (range) 1.29 (1.00 – 2.05) 1.20 (1.01 – 2.13)
62/64 with GMFE ≤ 2 59/60 with GMFE ≤ 2

a No calculation of AUClast or Cmax, as only peak and trough values after multiple dose administration are given. AUC area under the concentration-time curve, bid twice daily, caps capsule,
Cmax peak plasma concentration, GMFE geometric mean fold error, iv intravenous, obs observed, po oral, pred predicted, sd single dose, susp oral suspension, tab tablet, tlast time of the last
concentration measurement, qid four times daily.
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2.5.7 Sensitivity analysis

Sensitivity of the final model to single parameters (local sensitivity analysis) was calculated, mea-
sured as the relative change of the AUC0–12, Cmax or tmax at steady state of an oral 160 mg twice
daily trimethoprim regimen. Parameters were included into the analysis if they have been optimized,
if they are associated with optimized parameters, or if they could have a strong impact due to their
use in the calculation of permeabilities or partition coefficients. Sensitivity analysis was carried out
using a relative perturbation of 1000% (variation range 10.0, maximum number of 9 steps). The
parameters evaluated during sensitivity analysis provided in Table S6. The trimethoprim model pre-
dictions are sensitive to the value of fraction unbound in plasma, for which a literature value is used
in the model (56% [27]) (see Figure S13).

Table S6: Parameters evaluated during trimethoprim sensitivity analysis

Parameter Value Unit Source

CLhep 1.61E-02 1/min Optimized
CYP3A4 kcat 0.56 1/min Optimized
CYP3A4 KM 375.57 µmol/L Optimized
Dissolution shape 1.00 Optimized
Dissolution time (50% dissolved) 52.59 minutes Optimized
Fraction unbound 56 % Literature
Intestinal permeability 1.24E-02 cm/min Optimized
Lipophilicity 1.01 Optimized
P-gp kcat 1.44 1/min Optimized
P-gp KM 195.75 µmol/L Optimized
Solubility (pH 7.0) 0.40 g/L Literature

CLhep hepatic metabolic clearance, CYP cytochrome P450, kcat transport or
catalytic rate constant, KM Michaelis-Menten constant, P-gp P-glycoprotein.
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b) Cmax
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Figure S13: Sensitivity analysis of the trimethoprim model. Sensitivity of the model to single
parameters, determined as change of the simulated (a) AUC0–12, (b) Cmax and (c) tmax at steady
state of an oral 160 mg twice daily trimethoprim regimen. CLhep hepatic metabolic clearance,
CYP cytochrome P450, kcat transport or catalytic rate constant, KM Michaelis-Menten constant,
lit. literature value, opt. optimized value, P-gp P-glycoprotein.
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3 Trimethoprim-metformin DDI and DDGI

3.1 DDI and DDGI modeling

Metformin is listed by the FDA as the only recommended MATE and OCT2 substrate for clinical
DDI studies and drug labeling [20]. The trimethoprim-metformin DDI and DDGI were predicted
using literature values for all interaction constants without further optimization. The competitive
inhibition of MATE1, OCT1 and OCT2 by trimethoprim was modeled applying Ki values of 4.45
µmol/L [21, 22, 65–67], 32.20 µmol/L [21, 22] and 47.82 µmol/L [21, 22, 65, 68, 69], respectively,
determined using transporter expressing CHO or HEK 293 cells, without correction for fraction
unbound in the incubation (fuinc). The implemented model processes are visualized in Figure S14.
The interaction parameters are listed in the trimethoprim drug-dependent parameter Table S2 and
the parameters of the applied metformin model [6], including different OCT2 kcat values to describe
the SLC22A2 808G>T polymorphism, are reproduced in Table S8.

The population predictions of metformin plasma concentration-time profiles before and during
trimethoprim co-administration, compared to observed data, are shown in semilogarithmic (Figure
S15) and linear plots (Figure S16). The correlation of predicted and observed DDI and DDGI AUClast

and Cmax ratios is shown in Figure S17. Table S9 lists the corresponding predicted and observed
DDI and DDGI AUClast and Cmax ratios as well as GMFE values (mean GMFEs of 1.08 and 1.14,
respectively).
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Urine
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TMP
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Figure S14: Trimethoprim-metformin DDI model processes. Drawings by Servier, licensed under
CC BY 3.0. METF metformin, MATE multidrug and toxin extrusion protein, OCT organic cation
transporter, PMAT plasma membrane monoamine transporter, TMP trimethoprim.
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3.2 Clinical studies

Details on the clinical studies investigating the trimethoprim-metformin DDI and DDGI are given in Table S7.

Table S7: Clinical studies investigating the trimethoprim-metformin DDI and DDGI

Perpetrator Victim

Route Dose Route Dose Dose gap n Females [%] Age [years] Weight [kg] Height [cm] BMI [kg/m2] SLC22A2 a Reference

Trimethoprim Metformin

DDI

po, bid, D1-5 200 mg po, bid, D4-5 850 mg 0 h 12 33 21-38 (26.7) 55-84 (69.5) - 20-25 (22.1) - Müller 2015 [22]
po, bid, D4-10 200 mg po, tid, D1-10 500 mg 0.5 h 6 50 (32) (71.6) (175) - wildtype Grün 2013 [2]

DDGI

po, bid, D4-10 200 mg po, tid, D1-10 500 mg 0.5 h 5 40 (33) (72.2) (171) - 808GT Grün 2013 [2]

Values for age, weight, height and BMI are reported as range (mean). a genotype. - not given, bid twice daily, BMI body mass index, D day of administration, DDI drug-drug
interaction, DDGI drug-drug-gene interaction, n number of individuals studied, po oral, SLC solute carrier family member, tid three times daily.
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3.3 Metformin drug-dependent parameters

Table S8: Drug-dependent parameters of the metformin PBPK model [6]

Parameter Value Unit Source Literature Reference Description

Metformin

MW 129.16 g/mol Literature 129.16 [57] Molecular weight
pKa1 (base) 2.80 Literature 2.80 [73] Acid dissociation constant
pKa2 (base) 11.50 Literature 11.50 [73] Acid dissociation constant
Solubility (pH 6.8) 350.90 g/L Literature 350.90 [73] Solubility
logP -1.43 Literature -1.43 [74] Lipophilicity
fu 100 % Literature 100 [75–77] Fraction unbound plasma
B/P ratio - - Time-dependent [75] Blood/plasma concentration ratio
MATE1 KM 283.00 µmol/L Literature 283.00 [78] Michaelis-Menten constant
MATE1 kcat 165.69 1/min Optimized - - Transport rate constant
OCT1 KM 1180.00 µmol/L Literature 1180.00 [4] Michaelis-Menten constant
OCT1 kcat 641.19 1/min Optimized - - Transport rate constant
OCT2 KM 810.00 µmol/L Literature 810.00 [4] Michaelis-Menten constant
OCT2 (SLC22A2 808G) kcat 5.17E+04 1/min Optimized - - Transport rate constant
OCT2 (SLC22A2 808T ) kcat 1.38E+05 1/min Optimized - - Transport rate constant
PMAT KM 367.57 µmol/L Optimized 1320.00 [79] Michaelis-Menten constant
PMAT kcat 76.47 1/min Optimized - - Transport rate constant
PMAT Hill 3.00 Literature 2.64 [79] Hill coefficient
GFR fraction 1 Assumed - - Fraction of filtered drug in the urine
EHC continuous fraction 1 Assumed - Fraction of bile continually released
Partition coefficients Diverse Calculated PK-Sim [80] Cell to plasma partition coefficients
Cellular permeability 2.30E-04 cm/min Calculated CDS norm. [16] Permeability into the cellular space
Intestinal permeability 8.49E-07 cm/min Optimized 1.87E-07 Calculated Transcellular intestinal permeability
Basolat. small int. permeability 1.16E-05 cm/min Optimized 1.11E-06 Calculated Basolateral permeability out of the mucosa
Basolat. large int. permeability 0 cm/min Assumed 1.11E-06 Calculated Basolateral permeability out of the mucosa
Formulation Weibull a Literature/Optimized - [72] Formulation used in predictions

a Weibull fasted: Weibull function with a dissolution time of 7.90 minutes (50% dissolved) and a dissolution shape of 1.36 (both extracted from literature [72]),
Weibull fed: Weibull function with a dissolution time of 7.90 minutes and a dissolution shape of 0.11 (both optimized). basolat. basolateral, CDS norm. charge-
dependent Schmitt normalized to PK-Sim calculation method, EHC enterohepatic circulation, GFR glomerular filtration rate, int. intestinal, MATE multidrug
and toxin extrusion protein, OCT organic cation transporter, PK-Sim PK-Sim standard calculation method, PMAT plasma membrane monoamine
transporter.
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3.4 Profiles

3.4.1 Semilogarithmic plots - Plasma
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Figure S15: Metformin plasma concentration-time profiles before and during trimethoprim co-administration
(semilogarithmic). Profiles (a-b) show the trimethoprim-metformin DDI; the profile (c) shows the DDGI.
Observed data are shown as circles ± standard deviation. Population simulation arithmetic means are shown
as lines (solid lines: victim drug alone; dashed lines: victim drug during perpetrator co-administration); the
shaded areas represent the 68% population prediction intervals. Details on dosing regimens, study populations
and literature references are listed in Table S7. Predicted and observed DDI and DDGI AUClast and Cmax

ratios are summarized in Table S9. bid twice daily, n number of individuals studied, po oral, SLC solute
carrier family member, tid three times daily.
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3.4.2 Linear plots - Plasma
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Figure S16: Metformin plasma concentration-time profiles before and during trimethoprim co-administration
(linear). Profiles (a-b) show the trimethoprim-metformin DDI; the profile (c) shows the DDGI. Observed
data are shown as circles ± standard deviation. Population simulation arithmetic means are shown as lines
(solid lines: victim drug alone; dashed lines: victim drug during perpetrator co-administration); the shaded
areas represent the 68% population prediction intervals. Details on dosing regimens, study populations and
literature references are listed in Table S7. Predicted and observed DDI and DDGI AUClast and Cmax ratios
parameters are summarized in Table S9. bid twice daily, n number of individuals studied, po oral, SLC solute
carrier family member, tid three times daily.
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3.5 DD(G)I model performance evaluation

3.5.1 DDI and DDGI AUClast and Cmax ratio goodness-of-fit plots

a) DDI and DDGI AUClast ratios
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b) DDI and DDGI Cmax ratios
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Figure S17: Comparison of predicted to the corresponding observed met-
formin DDI or DDGI (a) AUClast and (b) Cmax ratios of the trimethoprim-
metformin DDI and DDGI. The solid straight line line marks the line of
identity, dotted lines indicate 1.25-fold and dashed lines indicate 2-fold de-
viation. The curved lines show the prediction success limits suggested by
Guest et al. [81]. Details on the study protocols and the predicted and ob-
served DDI and DDGI AUClast and Cmax ratios are given in Tables S7 and
S9, respectively. SLC solute carrier family member.
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3.5.2 Predicted and observed DDI and DDGI AUClast and Cmax ratios with mean GMFE values and ranges

Table S9: Predicted and observed trimethoprim-metformin DDI and DDGI AUClast and Cmax ratios

Perpetrator Victim DDI or DDGI AUClast ratio DDI or DDGI Cmax ratio

Route Dose Route Dose tlast Pred Obs Pred/Obs Pred Obs Pred/Obs SLC22A2 a Reference

Trimethoprim Metformin

DDI

po, bid, D1-5 200 mg po, bid, D4-5 850 mg 24 h 1.28 1.31 0.98 1.24 1.16 1.07 - Müller 2015 [22]
po, bid, D4-10 200 mg po, tid, D1-10 500 mg 6 h 1.39 1.27 1.10 1.27 1.33 0.95 wildtype Grün 2013 [2]

mean GMFE (range) 1.06 (1.02 – 1.10) 1.06 (1.05 – 1.07)
2/2 with GMFE ≤ 2 2/2 with GMFE ≤ 2

DDGI

po, bid, D4-10 200 mg po, tid, D1-10 500 mg 6 h 1.32 1.50 0.88 1.22 1.58 0.77 808GT Grün 2013 [2]

GMFE 1.13 1.29
1/1 with GMFE ≤ 2 1/1 with GMFE ≤ 2

Overall GMFE (range) 1.08 (1.02 – 1.13) 1.14 (1.05 – 1.29)
3/3 with GMFE ≤ 2 3/3 with GMFE ≤ 2

a genotype. AUC area under the concentration-time curve, bid twice daily, Cmax peak plasma concentration, D day of administration, DDI drug-drug
interaction, DDGI drug-drug-gene interaction, GMFE geometric mean fold error, obs observed, po oral, pred predicted, tlast time of the last concentration
measurement, tid three times daily.
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4 Trimethoprim-repaglinide DDI

4.1 DDI modeling

Repaglinide is mainly metabolized by CYP2C8 and recommended by the FDA as sensitive CYP2C8
index substrate for the use in clinical DDI studies [20]. The trimethoprim-repaglinide DDI was pre-
dicted using a literature value for the interaction constant without further optimization. The compet-
itive inhibition of CYP2C8 by trimethoprim was modeled with Ki = 4.85 µmol/L [70], determined
using human liver microsomes without correction for fuinc, as the calculated fuinc is almost 100%
according to [82]. The implemented model processes are visualized in Figure S18. The interaction
parameters are listed in the trimethoprim drug-dependent parameter Table S2 and the parameters
of the applied repaglinide model [17] are reproduced in Table S11.

The population predictions of repaglinide plasma concentration-time profiles before and during
trimethoprim co-administration, compared to observed data, are shown in semilogarithmic and linear
plots (Figure S19). The correlation of predicted and observed DDI AUClast and Cmax ratios is shown
in Figure S20. Table S12 lists the corresponding predicted and observed DDI AUClast and Cmax

ratios as well as GMFE values (GMFEs of 1.27 and 1.11, respectively).
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Figure S18: Trimethoprim-repaglinide DDI model processes. Drawings by Servier, licensed un-
der CC BY 3.0. CYP cytochrome P450, OATP organic-anion-transporting polypeptide, REPA
repaglinide, TMP trimethoprim.
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4.2 Clinical studies

Details on the clinical study investigating the trimethoprim-repaglinide DDI are given in Table S10.

Table S10: Clinical studies investigating the trimethoprim-repaglinide DDI

Perpetrator Victim

Route Dose Route Dose Dose gap n Females [%] Age [years] Weight [kg] Height [cm] BMI [kg/m2] Reference

Trimethoprim Repaglinide

po, bid, D1-3 160 mg po, sd, D3 0.25 mg 1 h 9 11 19-23 62-97 - - Niemi 2004a [83]

Values for age and weight are reported as range. - not given, bid twice daily, BMI body mass index, D day of administration, DDI drug-drug interaction,
n number of individuals studied, po oral, sd single dose.
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4.3 Repaglinide drug-dependent parameters

Table S11: Drug-dependent parameters of the repaglinide PBPK model [17]

Parameter Value Unit Source Literature Reference Description

Repaglinide

MW 452.60 g/mol Literature 452.60 [59] Molecular weight
pKa1 (acid) 4.16 Literature 3.68, 3.96, 4.16, 4.19 [57, 85, 86] Acid dissociation constant
pKa2 (base) 6.01 Literature 4.82, 5.78, 6.01, 6.20 [57, 85, 86] Acid dissociation constant
Solubility (pH 7.4) 0.14 g/L Literature 0.14 [87] Solubility
logP 2.72 Optimized 3.95, 3.98, 4.87, 5.05 [57, 85, 86] Lipophilicity
fu 2.9 % Optimized 1.5, 2.6, 3.6 [88–90] Fraction unbound plasma
OATP1B1 KM 12.8 µmol/L Literature 12.8 a [91] Michaelis-Menten constant
OATP1B1 kcat 1600.24 1/min Optimized - - Transport rate constant
OATP1B3 KM 12.8 µmol/L Literature 12.8 a [91] Michaelis-Menten constant
OATP1B3 kcat 551.24 1/min Optimized - - Transport rate constant
CYP2C8 KM 2.8 µmol/L Literature 2.8 [92] Michaelis-Menten constant
CYP2C8 kcat 4.56 1/min Optimized - - Catalytic rate constant
CYP3A4 KM 15.6 µmol/L Literature 15.6 [92] Michaelis-Menten constant
CYP3A4 kcat 0.86 1/min Optimized - - Catalytic rate constant
GFR fraction 1 Assumed - - Fraction of filtered drug in the urine
EHC continuous fraction 1 Assumed - - Fraction of bile continually released
Partition coefficients Diverse Calculated Schmitt [93] Cell to plasma partition coefficients
Cellular permeability 0.04 cm/min Optimized CDS [16] Permeability into the cellular space
Intestinal permeability 2.02E-05 cm/min Optimized 9.38E-06 Calculated Transcellular intestinal permeability
Formulation Tablet b Literature - [84] Formulation used in predictions

a repaglinide hepatic uptake unbound affinity constant, b tablet dissolution profile from literature [84]. CDS charge-dependent Schmitt
calculation method, CYP cytochrome P450, EHC enterohepatic circulation, GFR glomerular filtration rate, OATP organic-anion-trans-
porting polypeptide, Schmitt Schmitt calculation method.
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4.4 Profiles

4.4.1 Semilogarithmic and linear plots - Plasma
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Figure S19: Repaglinide plasma concentration-time profiles before and during trimethoprim co-
administration, shown in (a) semilogarithmic and (b) linear plots. Observed data are shown as circles ±
standard deviation. Population simulation arithmetic means are shown as lines (solid lines: victim drug alone;
dashed lines: victim drug during perpetrator co-administration); the shaded areas represent the 68% popu-
lation prediction intervals. Details on dosing regimens, study populations and literature references are listed
in Table S10. Predicted and observed DDI AUClast and Cmax ratios are summarized in Table S12. bid twice
daily, n number of individuals studied, po oral, sd single dose.
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4.5 DDI model performance evaluation

4.5.1 DDI AUClast and Cmax ratio goodness-of-fit plots

a) DDI AUClast ratio

1

10

1 10
Observed DDI AUClast ratio

P
re

di
ct

ed
 D

D
I A

U
C

la
st

 ra
tio

Niemi 2004a

b) DDI Cmax ratio
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Figure S20: Comparison of predicted the corresponding observed repaglinide
DDI (a) AUClast and (b) Cmax ratios of the trimethoprim-repaglinide DDI.
The solid straight line marks the line of identity, dotted lines indicate 1.25-
fold and dashed lines indicate 2-fold deviation. The curved lines show the
prediction success limits suggested by Guest et al. [81]. Details on the study
protocols and the predicted and observed DDI AUClast and Cmax ratios are
given in Tables S10 and S12, respectively.
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4.5.2 Predicted and observed DDI AUClast and Cmax ratios with GMFE values

Table S12: Predicted and observed trimethoprim-repaglinide DDI AUClast and Cmax ratios

Perpetrator Victim DDI AUClast ratio DDI Cmax ratio

Route Dose Route Dose tlast Pred Obs Pred/Obs Pred Obs Pred/Obs Reference

Trimethoprim Repaglinide

po, bid, D1-3 160 mg po, sd, D3 0.25 mg 7 h 2.06 1.62 1.27 1.57 1.42 1.11 Niemi 2004a [83]

GMFE 1.27 1.11
1/1 with GMFE ≤ 2 1/1 with GMFE ≤ 2

AUC area under the concentration-time curve, bid twice daily, Cmax peak plasma concentration, D day of administration, DDI
drug-drug interaction, GMFE geometric mean fold error, obs observed, po oral, pred predicted, sd single dose, tlast time of the
last concentration measurement.
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5 Trimethoprim-pioglitazone DDI and DDGI

5.1 DDI and DDGI modeling

Pioglitazone is mainly metabolized by CYP2C8 and recommended by the FDA as moderately
sensitive CYP2C8 substrate for the use in clinical DDI studies [20]. The trimethoprim-pioglitazone
DDI and DDGI were predicted using literature values for all interaction constants without further
optimization. The competitive inhibition of CYP2C8 by trimethoprim was modeled with Ki = 4.85
µmol/L [70], determined using human liver microsomes without correction for fuinc, as the calculated
fuinc is almost 100% according to [82]. The same Ki was assumed for CYP2C8 wildtype and *3
variants. The implemented model processes are visualized in Figure S21. The interaction parameters
are listed in the trimethoprim drug-dependent parameter Table S2 and the parameters of the applied
pioglitazone model [17], including KM and kcat values to model the CYP2C8 polymorphism, are
reproduced in Table S14.

The population predictions of pioglitazone plasma concentration-time profiles before and during
trimethoprim co-administration, compared to observed data, are shown in semilogarithmic (Figure
S22) and linear plots (Figure S23). For the DDGI, no observed plasma concentration-time profiles
are provided in the study report (only for the DGI = pioglitazone without trimethoprim), but the
reported values for observed AUC0–∞ were taken from the publication and compared to predicted
AUC0–∞ values. The correlation of predicted and observed DDI and DDGI AUClast and Cmax ratios
is shown in Figure S24. Table S15 lists the corresponding predicted and observed DDI and DDGI
AUClast and Cmax ratios as well as GMFE values (mean GMFEs of 1.32 and 1.04, respectively).
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Figure S21: Trimethoprim-pioglitazone DDI model processes. Drawings by Servier, licensed under
CC BY 3.0. CLhep hepatic metabolic clearance, CYP cytochrome P450, PIO pioglitazone, TMP
trimethoprim.
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5.2 Clinical studies

Details on the clinical studies investigating the trimethoprim-pioglitazone DDI and DDGI are given in Table S13.

Table S13: Clinical studies investigating the trimethoprim-pioglitazone DDI and DDGI

Perpetrator Victim

Route Dose Route Dose Dose gap n Females [%] Age [years] Weight [kg] Height [cm] BMI [kg/m2] CYP2C8 a Reference

Trimethoprim Pioglitazone

DDI

po, bid, D1-6 160 mg po, bid, D3 15 mg 1 h 16 50 19-25 (21) 44-93 (68) - 18-27 (22) *1/*1 : n = 8 Tornio 2008 [10]
*1/*3 : n = 5
*3/*3 : n = 3

DDGI

po, bid, D1-6 160 mg po, bid, D3 15 mg 1 h 8 50 19-25 (21) 56-93 (70) - 18-27 (22) *1/*1 Tornio 2008 [10]
po, bid, D1-6 160 mg po, bid, D3 15 mg 1 h 5 40 19-25 (21) 60-83 (67) - 19-23 (22) *1/*3 Tornio 2008 [10]
po, bid, D1-6 160 mg po, bid, D3 15 mg 1 h 3 67 19-25 (21) 44-79 (64) - 18-25 (22) *3/*3 Tornio 2008 [10]

Values for age, weight and BMI are reported as range (mean). a genotype. - not given, bid twice daily, BMI body mass index, CYP cytochrome P450, D day of administration,
DDI drug-drug interaction, DDGI drug-drug-gene interaction, n number of individuals studied, po oral.
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5.3 Pioglitazone drug-dependent parameters

Table S14: Drug-dependent parameters of the pioglitazone PBPK model [17]

Parameter Value Unit Source Literature Reference Description

Pioglitazone

MW 356.40 g/mol Literature 356.40 [59] Molecular weight
pKa1 (base) 5.80 Literature 5.80 [95] Acid dissociation constant
pKa2 (acid) 6.40 Literature 6.40 [95] Acid dissociation constant
Solubility (pH 6.5) 0.02 g/L Literature 0.01, 0.02 [87, 96] Solubility
logP 2.81 Optimized 3.31 [97] Lipophilicity
fu 0.21 % Optimized < 1 [95] Fraction unbound plasma
CYP2C8 KM 21.0 µmol/L Literature 21.0 a [11] Michaelis-Menten constant
CYP2C8 kcat 68.09 1/min Optimized - - Catalytic rate constant
CYP2C8 (CYP2C8*1 ) KM 21.0 µmol/L Literature 21.0 a [11] Michaelis-Menten constant
CYP2C8 (CYP2C8*1 ) kcat 84.79 1/min Optimized - - Catalytic rate constant
CYP2C8 (CYP2C8*3 ) KM 10.0 µmol/L Literature 10.0 [11] Michaelis-Menten constant
CYP2C8 (CYP2C8*3 ) kcat 104.82 1/min Optimized - - Catalytic rate constant
CLhep 2.14 1/min Optimized - - Hepatic metabolic clearance
GFR fraction 1 Assumed - - Fraction of filtered drug in the urine
EHC continuous fraction 1 Assumed - - Fraction of bile continually released
Partition coefficients Diverse Calculated Berezhkovskiy [71] Cell to plasma partition coefficients
Cellular permeability 9.10E-03 cm/min Calculated PK-Sim [98] Permeability into the cellular space
Intestinal permeability 4.38E-05 cm/min Optimized 3.40E-05 Calculated Transcellular intestinal permeability
Formulation Tablet b Literature - [94] Formulation used in predictions

a same CYP2C8 Michaelis-Menten constant assumed for CYP2C8 genotype unknown and CYP2C8*1, b tablet dissolution profile
from literature [94]. Berezhkovskiy Berezhkovskiy calculation method, CLhep hepatic metabolic clearance, CYP cytochrome P450,
EHC enterohepatic circulation, GFR glomerular filtration rate, PK-Sim PK-Sim standard calculation method.
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5.4 Profiles

5.4.1 Semilogarithmic plots - Plasma
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Figure S22: Pioglitazone plasma concentration-time profiles before and during trimethoprim co-
administration (semilogarithmic). Profile (a) shows the trimethoprim-pioglitazone DDI; profiles (b-d) show the
DDGI. Observed data are shown as circles ± standard deviation. Population simulation arithmetic means are
shown as lines (solid lines: victim drug alone; dashed lines: victim drug during perpetrator co-administration);
the shaded areas represent the 68% population prediction intervals. Details on dosing regimens, study popu-
lations and literature references are listed in Table S13. Predicted and observed DDI and DDGI AUClast and
Cmax ratios are summarized in Table S15. bid twice daily, CYP cytochrome P450, n number of individuals
studied, po oral, sd single dose.
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5.4.2 Linear plots - Plasma
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Figure S23: Pioglitazone plasma concentration-time profiles before and during trimethoprim co-
administration (linear). Profile (a) shows the trimethoprim-pioglitazone DDI; profiles (b-d) show the DDGI.
Observed data are shown as circles ± standard deviation. Population simulation arithmetic means are shown
as lines (solid lines: victim drug alone; dashed lines: victim drug during perpetrator co-administration); the
shaded areas represent the 68% population prediction intervals. Details on dosing regimens, study populations
and literature references are listed in Table S13. Predicted and observed DDI and DDGI AUClast and Cmax

ratios are summarized in Table S15. bid twice daily, CYP cytochrome P450, n number of individuals studied,
po oral, sd single dose.
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5.5 DD(G)I model performance evaluation

5.5.1 DDI and DDGI AUClast and Cmax ratio goodness-of-fit plots

a) DDI and DDGI AUClast ratios
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b) DDI and DDGI Cmax ratios
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Figure S24: Comparison of predicted to the corresponding observed piogli-
tazone DDI or DDGI (a) AUClast and (b) Cmax ratios of the trimethoprim-
pioglitazone DDI and DDGI. The solid straight line marks the line of identity,
dotted lines indicate 1.25-fold and dashed lines indicate 2-fold deviation. The
curved lines show the prediction success limits suggested by Guest et al. [81].
Details on the study protocols and the predicted and observed DDI and DDGI
AUClast and Cmax ratios are given in Tables S13 and S15, respectively. CYP
cytochrome P450.
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5.5.2 Predicted and observed DDI and DDGI AUClast and Cmax ratios with mean GMFE values and ranges

Table S15: Predicted and observed trimethoprim-pioglitazone DDI and DDGI AUClast and Cmax ratios

Perpetrator Victim DDI or DDGI AUClast ratio DDI or DDGI Cmax ratio

Route Dose Route Dose tlast Pred Obs Pred/Obs Pred Obs Pred/Obs CYP2C8 a Reference

Trimethoprim Pioglitazone

DDI

po, bid, D1-6 160 mg po, sd, D3 15 mg 48 h 1.83 1.43 1.28 1.17 1.18 0.99 *1/*1 : n = 5 Tornio 2008 [10]
*1/*3 : n = 5
*3/*3 : n = 3

GMFE 1.28 1.01
1/1 with GMFE ≤ 2 1/1 with GMFE ≤ 2

DDGI

po, bid, D1-6 160 mg po, sd, D3 15 mg ∞ 1.76 1.33 1.32 1.12 1.07 1.04 *1/*1 Tornio 2008 [10]
po, bid, D1-6 160 mg po, sd, D3 15 mg ∞ 1.89 1.55 1.22 1.19 1.23 0.97 *1/*3 Tornio 2008 [10]
po, bid, D1-6 160 mg po, sd, D3 15 mg ∞ 2.00 1.37 1.46 1.27 1.16 1.10 *3/*3 Tornio 2008 [10]

mean GMFE (range) 1.33 (1.22 – 1.46) 1.06 (1.03 – 1.10)
3/3 with GMFE ≤ 2 3/3 with GMFE ≤ 2

Overall GMFE (range) 1.32 (1.22 – 1.46) 1.04 (1.01 – 1.10)
4/4 with GMFE ≤ 2 4/4 with GMFE ≤ 2

a genotype. AUC area under the concentration-time curve, bid twice daily, Cmax peak plasma concentration, D day of administration, DDI drug-drug inter-
action, DDGI drug-drug-gene interaction, GMFE geometric mean fold error, obs observed, po oral, pred predicted, sd single dose, tlast time of the last
concentration measurement.
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6 Rifampicin-trimethoprim DDI

6.1 DDI modeling

Rifampicin is an inducer of P-gp and CYP enzymes [20, 99]. The rifampicin-trimethoprim DDI was
modeled using interaction parameters, that have been established during the rifampicin model devel-
opment [18], applying literature values for all interaction parameters without further optimization.
The implemented model processes are visualized in Figure S25. The parameters of the trimethoprim
model are given in Table S2 and the parameters of the applied rifampicin model [18] are reproduced
in Table S17.

The population predictions of trimethoprim plasma concentration-time profiles before and during
rifampicin co-administration, compared to observed data, are shown in semilogarithmic (Figure S26)
and linear plots (Figure S27). As no trimethoprim control group without co-administration of ri-
fampicin was included in the only published study of the rifampicin-trimethoprim DDI, DDI AUClast

and Cmax ratios were calculated as DDI AUClast or Cmax day 8 / DDI AUClast or Cmax day 1. The
correlation of predicted and observed DDI AUClast and Cmax ratios is shown in Figure S28. Table
S18 lists the corresponding predicted and observed DDI AUClast and Cmax ratios as well as GMFE
values (GMFEs of 1.08 and 1.30, respectively).
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Figure S25: Rifampicin-trimethoprim DDI model processes. Drawings by Servier, licensed under
CC BY 3.0. CLhep hepatic metabolic clearance, CYP cytochrome P450, P-gp P-glycoprotein, RIFA
rifampicin, TMP trimethoprim.
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6.2 Clinical studies

Details on the clinical study investigating the rifampicin-trimethoprim DDI are given in Table S16.

Table S16: Clinical studies investigating the rifampicin-trimethoprim DDI

Perpetrator Victim

Route Dose Route Dose Dose gap n Females [%] Age [years] Weight [kg] Height [cm] BMI [kg/m2] Reference

Rifampicin Trimethoprim

po, tid, D1-8 300 mg po, tid, D1-8 80 mg 0 h 6 33 18-40 - - - Emmerson 1978 [100]

Values for age are given as range. - not given, BMI body mass index, D day of administration, DDI drug-drug interaction, n number of individuals studied, po
oral, tid three times daily.

71



6.3 Rifampicin drug-dependent parameters

Table S17: Drug-dependent parameters of the rifampicin PBPK model [18]

Parameter Value Unit Source Literature Reference Description

Rifampicin

MW 822.94 g/mol Literature 822.94 [57] Molecular weight
pKa1 (acid) 1.70 Literature 1.70 [58] Acid dissociation constant
pKa2 (base) 7.90 Literature 7.90 [58] Acid dissociation constant
Solubility (pH 7.5) 2.80 g/L Literature 1.10 (pH 6.5), 1.40 (pH 6.8), 2.54 (pH 6.8), [101–104] Solubility

2.80 (pH 7.5), 3.35 (pH 7.4)
logP 2.50 Optimized 1.30, 2.70 [57, 101] Lipophilicity
fu 17.00 % Literature 11.00, 16.00, 17.00, 17.50 [101, 104–106] Fraction unbound plasma
B/P ratio 0.89 Calculated 0.90 [107] Blood/plasma concentration ratio
OATP1B1 KM 1.50 µmol/L Literature 1.50 [108] Michaelis-Menten constant
OATP1B1 kcat 7.80 1/min Optimized - - Transport rate constant
P-gp KM 55.00 µmol/L Literature 55.00 [109] Michaelis-Menten constant
P-gp kcat 0.61 1/min Optimized - - Transport rate constant
AADAC KM 195.10 µmol/L Literature 195.10 [110] Michaelis-Menten constant
AADAC kcat 9.87 1/min Optimized - - Catalytic rate constant
GFR fraction 1 Assumed - - Fraction of filtered drug in the urine
EHC continuous fraction 1 Assumed - - Fraction of bile continually released
Induction EC50 0.34 µmol/L Literature 0.34 [105, 106] Conc. for half-maximal induction
Emax OATP1B1 0.38 Optimized - - Maximum in vivo induction effect
Emax P-gp 2.50 Literature 2.50 [99] Maximum in vivo induction effect
Emax AADAC 0.99 Optimized - - Maximum in vivo induction effect
Emax CYP3A4 9.00 Literature 9.00 [105] Maximum in vivo induction effect
OATP1B1 Ki 0.48 µmol/L Literature 0.48 [111] Conc. for 50% inhibition (competitive)
P-gp Ki 169.00 µmol/L Literature 169.00 [112] Conc. for 50% inhibition (competitive)
CYP3A4 Ki 18.50 µmol/L Literature 18.50 [92] Conc. for 50% inhibition (competitive)
Partition coefficients Diverse Calculated R+R [113, 114] Cell to plasma partition coefficients
Cellular permeability 2.93E-05 cm/min Calculated PK-Sim [98] Permeability into the cellular space
Intestinal permeability 1.24E-05 cm/min Optimized 3.84E-07 Calculated Transcellular intestinal permeability
Formulation Solution Formulation used in predictions

AADAC arylacetamide deacetylase, conc. concentration, CYP cytochrome P450, EHC enterohepatic circulation, GFR glomerular filtration rate, OATP organic-anion-
transporting polypeptide, P-gp P-glycoprotein, PK-Sim PK-Sim standard calculation method, R+R Rodgers and Rowland calculation method.
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6.4 Profiles

6.4.1 Semilogarithmic plots - Plasma
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Figure S26: (a) Trimethoprim plasma concentration-time profiles alone and during rifampicin co-
administration (semilogarithmic). (b) Rifampicin plasma concentration-time profile during the rifampicin-
trimethoprim DDI (semilogarithmic). Observed data are shown as triangles (trimethoprim training dataset)
or circles (rifampicin) ± standard deviation. Population simulation arithmetic means are shown as lines (solid
line: trimethoprim alone; dashed line(s): trimethoprim during rifampicin co-administration or rifampicin dur-
ing the DDI); the shaded areas represent the 68% population prediction intervals. Details on dosing regimens,
study populations and literature references are listed in Table S16. Predicted and observed DDI AUClast and
Cmax ratios are summarized in Table S18. n number of individuals studied, po oral, tid three times daily.
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6.4.2 Linear plots - Plasma
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Figure S27: (a) Trimethoprim plasma concentration-time profiles alone and during rifampicin co-
administration (linear). (b) Rifampicin plasma concentration-time profile during the rifampicin-trimethoprim
DDI (linear). Observed data are shown as triangles (trimethoprim training dataset) or circles (rifampicin)
± standard deviation. Population simulation arithmetic means are shown as lines (solid line: trimethoprim
alone; dashed line(s): trimethoprim during rifampicin co-administration or rifampicin during the DDI); the
shaded areas represent the 68% population prediction intervals. Details on dosing regimens, study populations
and literature references are listed in Table S16. Predicted and observed DDI AUClast and Cmax ratios are
summarized in Table S18. n number of individuals studied, po oral, tid three times daily.
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6.5 DDI model performance evaluation

6.5.1 DDI AUClast and Cmax ratio goodness-of-fit plots
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Figure S28: Comparison of predicted to the corresponding observed
trimethoprim DDI (a) AUClast and (b) Cmax ratios of the rifampicin-
trimethoprim DDI. The solid straight line marks the line of identity, dotted
lines indicate 1.25-fold and dashed lines indicate 2-fold deviation. The curved
lines show the prediction success limits suggested by Guest et al. [81]. De-
tails on the study protocols and the predicted and observed DDI AUClast and
Cmax ratios are given in Tables S16 and S18, respectively.
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6.5.2 Predicted and observed DDI AUClast and Cmax ratios with GMFE values

Table S18: Predicted and observed rifampicin-trimethoprim DDI AUClast and Cmax ratios

Perpetrator Victim DDI AUClast ratio a DDI Cmax ratio a

Route Dose Route Dose tlast Pred Obs Pred/Obs Pred Obs Pred/Obs Reference

Rifampicin Trimethoprim

po, tid, D1-8 300 mg po, tid, D1-8 80 mg 8 h 1.61 1.49 1.08 1.57 1.21 1.30 Emmerson 1978 [100]

GMFE 1.08 1.30
1/1 with GMFE ≤ 2 1/1 with GMFE ≤ 2

a DDI AUClast and Cmax ratios are calculated as DDI AUClast or Cmax day 8 / DDI AUClast or Cmax day 1, as no trimethoprim
plasma concentrations without rifampicin co-administration were reported in this study. AUC area under the concentration-time
curve, Cmax peak plasma concentration, D day of administration, DDI drug-drug interaction, GMFE geometric mean fold error,
obs observed, po oral, pred predicted, tlast time of the last concentration measurement, tid three times daily.
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7 System-dependent parameters

Details on the expression of drug transporters and metabolic enzymes implemented to model the pharmacokinetics of trimethoprim, metformin,
repaglinide, pioglitazone and rifampicin are summarized in Table S19.

Table S19: System-dependent parameters

Reference concentration Half-life

Transporter/enzyme Mean [µmol/L] a GeoSD b Expression profile c Localization Direction Liver [h] Intestine [h]

Transporters

MATE1 0.13 d [115, 118] 1.53 [118] Kidney only [119, 120] Apical Efflux 36 -
OATP1B1 1.00 e [116] 1.54 [117] RT-PCR [121] Basolateral Influx 36 23
OATP1B3 1.00 e [116] 1.54 [117] Array [122] Basolateral Influx
OCT1 0.16 f [117, 123] 1.53 [123] Array [122], Basolateral, Influx 36 23

large intestinal mucosa → 0 in enterocytes apical
OCT2 0.19 d [115, 118] 1.45 [118] EST [124] Basolateral Influx 36 -
P-gp (efflux) 1.41 [18] 1.60 [117] RT-PCR [121], Apical Efflux 36 23

intestinal mucosa → factor 3.57 [18]
PMAT 1.00 e [116] 1.40 g RT-PCR [121], Basolateral, Influx 36 23

large intestinal mucosa → 0 in enterocytes apical

Enzymes

AADAC 1.00 e [116] 1.40 g RT-PCR [125] Intracellular - 36 23
CYP2C8 2.56 [126] 2.05 [12] RT-PCR [127] Intracellular - 23 23
CYP2C8*1 1.28 2.05 RT-PCR [127] Intracellular - 23 23
CYP2C8*3 1.28 2.05 RT-PCR [127] Intracellular - 23 23
CYP3A4 4.32 [126] 1.18 liver [12], RT-PCR [127] Intracellular - 36 [128] 23 [129]

1.46 intestine [12]

Processes

Hepatic metabolic clearance - 1.40 g - - - -

a µmol/L in the tissue of highest expression, b geometric standard deviation of the reference concentration, c relative expression in the different organs (PK-Sim expression
database profile), d calculated from transporter per mg membrane protein x 26.2 mg human kidney microsomal protein per g kidney [115], e if no information was available,
the mean reference concentration was set to 1.0 µmol/L and the transport or catalytic rate constant (kcat) was optimized according to [116], f calculated from transporter
per mg membrane protein x 37.0 mg membrane protein per g liver [117], g if no information was available, a moderate variability of 35% CV was assumed (=̂ 1.40 GeoSD).
AADAC arylacetamide deacetylase, Array ArrayExpress measured expression profile, CYP cytochrome P450, EST expressed sequence tag measured expression profile,
MATE multidrug and toxin extrusion protein, OATP organic-anion-transporting polypeptide, OCT organic cation transporter, P-gp P-glycoprotein, PMAT, plasma
membrane monoamine transporter, RT-PCR reverse transcription-polymerase chain reaction measured expression profile.
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AADAC Arylacetamide deacetylase
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AUClast AUC values calculated from the time of drug administration to the time of the last
concentration measurement

AUC0–∞ Area under the concentration-time curve from 0 extrapolated to infinity
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D Day of administration
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DGI Drug-gene interaction

EC50 Concentration for half maximal induction in vivo

EHC Enterohepatic circulation

Emax Maximal induction effect in vivo
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fe Fration excreted unchanged

fu Fraction unbound in plasma

fuinc Fraction unbound in the incubation

GFR Glomerular filtration rate
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IC50 Half maximal inhibitory concentration

ICRP International Commission on Radiological Protection

iv Intravenous

kcat Transport or catalytic rate constant

kdeg Degradation rate constant

Ki Dissociation constant of the inhibitor-transporter/ -enzyme complex

KM Michaelis-Menten constant

KM,app Michaelis-Menten constant in the presence of inhibitor

logP Lipophilicity

MATE Multidrug and toxin extrusion protein

MRD Mean relative deviation

MW Molecular weight

n Number of individuals studied

NHANES National Health and Nutrition Examination Survey

OATP Organic-anion-transporting polypeptide

obs Observed

OCT Organic cation transporter

P-gp P-glycoprotein

PBPK Physiologically-based pharmacokinetic

pKa Acid dissociation constant

PMAT Plasma membrane monoamine transporter

po Oral

pred Predicted

PXR Pregnane X receptor

qid Four times daily

Rsyn Rate of transporter or enzyme synthesis

Rsyn,app Rate of transporter or enzyme synthesis in the presence of inducer

RT-PCR Reverse transcription-polymerase chain reaction

sd Single dose

SLC Solute carrier family member
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SLCO Solute carrier organic antion transporter family member

SNP Single nucleotide polymorphism

susp Oral solution

tab Tablet

tid Three times daily

tlast Time of the last concentration measurement

tmax Time to maximum plasma concentration

v Reaction velocity

vmax Maximum reaction velocity

WB Whole blood
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