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Supplementary Material 1 

PBPK Model Construction & Validation. Parameters of the physiologically-based 2 

pharmacokinetic (PBPK) models can be separated into 1) anthropometric parameters 3 

describing the anatomy and physiology of the human organism with its tissues, organs 4 

and sub-compartments (Fig. SI 1), 2) physiochemical properties (e.g. lipophilicity 5 

coefficient or the fraction of unbound drug) of the modeled compounds used to describe 6 

passive absorption and diffusion processes, and 3) kinetic parameters characterizing 7 

active transport and enzymatic reaction processes. In this study anthropometric 8 

parameters where taken form the corresponding studies. If the studies did not provide 9 

these parameters, mean patients provided by the PBPK modeling software (PK-Sim®; 10 

Version 6.0.3; Bayer Technology Services GmbH, Leverkusen, Germany) were used. The 11 

physicochemical parameters for INH and its metabolites were calculated with 12 

cheminformatics software (MarvinSketch; Version 15.11.30.0; ChemAxon Kft., Budapest, 13 

Hungary). Metabolic reactions and active transport were integrated into the PBPK model. 14 

Michaelis-Menten kinetics were used to describe the reaction rates. Tissue specific 15 

relative enzyme and transporter abundances were quantified by gene expression data 16 

provided by the PBPK modeling software (1). 17 

Since each of the considered metabolites is found in the urine (2, 3), renal excretion 18 

processes for these all metabolites were integrated into the PBPK model. For 19 

acetylisoniazid, isonicotinic acid, isonicotinoyl glycine, hydrazine, acetylhydrazine, and 20 

diacetylhydrazine glomerular filtration was considered, while for isoniazid and 21 

acetylisoniazid an active tubular secretion process based on Michaelis-Menten kinetics 22 

was introduced to match experimental data (4). The INH conjugation reaction with α-23 



2 

ketoglutarate and pyruvate were lumped together into the active tubular secretion 24 

process, since no pharmacokinetic data for those metabolites was available. Intravenous 25 

and oral administration protocols were adapted from the respective clinical study design. 26 

In the QD dosing regimens INH was administered every 24 h, while the BID dosing 27 

regimens consisted of half the cumulated daily INH doses administered every 12 h. 28 

PD Model Construction & Validation. 29 

Clinical data describing the early bacterial activity (EBA) in sputum of NAT2 phenotype-30 

specific tuberculosis patients following a QD dosing regimen in the first two days of INH 31 

monotherapy (5, 6) was used for parameter identification of the PBPK/PD model. To limit 32 

the potentially misleading effect of outliers in the experimental data, only patient 33 

subgroups with more than three individuals were considered. The sampling patterns used 34 

in the original studies were adapted in the PBPK/PD simulations. The simulated 35 

difference in bacterial counts on the first day (0h < t < 24h) and on the second day (24h 36 

< t < 48h) of treatment were averaged to calculate the final EBA for each INH dose. 37 

The pharmacodynamic (PD) model (A1) describes the change in mycobacterial counts in 38 

immune competent humans ( µ(𝑀𝑇)𝐼𝐶
ℎ𝑢𝑚𝑎𝑛)  as sum of mycobacterial growth rate in 39 

immune deficient humans (µ(𝑀𝑇)𝐼𝐷
ℎ𝑢𝑚𝑎𝑛), immune system dependent antimycobacterial 40 

killing (𝛽ℎ𝑢𝑚𝑎𝑛) and INH dependent killing rate (𝛾(𝐼𝑁𝐻)). We conducted a literature review 41 

in order to identify M. tuberculosis growth rates in humans and mice. For untreated 42 

immune competent humans (µ(𝑀𝑇)𝐼𝐶
ℎ𝑢𝑚𝑎𝑛) we found an averaged the growth rate of 43 

0.0209 log10CFU·day-1 (7, 8, 5, 9, 10, 6, 11). To estimate 𝛽ℎ𝑢𝑚𝑎𝑛 we used experimental 44 

derived M. tuberculosis growth rates in mice and immune deficient humans 45 

(µ(𝑀𝑇)𝐼𝐷
ℎ𝑢𝑚𝑎𝑛). In immune competent mice, the mycobacterial growth rate was estimated 46 
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as 0.1355 log10CFU·day-1 (µ(𝑀𝑇)𝐼𝐶
𝑚𝑖𝑐𝑒) (12, 13) and 0.295 log10CFU·day-1 for immune 47 

deficient mice ( µ(𝑀𝑇)𝐼𝐷
𝑚𝑖𝑐𝑒 ) (12), resulting in 0.1595 log10CFU·day-1 for 𝛽𝑚𝑖𝑐𝑒 . We 48 

assumed a constant ratio between the untreated immune dependent and immune 49 

deficient growth rates of M. tuberculosis in human and mice. From A2, we then calculated 50 

µ(𝑀𝑇)𝐼𝐷
ℎ𝑢𝑚𝑎𝑛 as 0.0428 log10CFU·day-1 and from A3 𝛽ℎ𝑢𝑚𝑎𝑛 as 0.0219 log10CFU·day-1. 51 

 µ(𝑀𝑇)𝐼𝐶
ℎ𝑢𝑚𝑎𝑛 = µ(𝑀𝑇)𝐼𝐷

ℎ𝑢𝑚𝑎𝑛 −  𝛽ℎ𝑢𝑚𝑎𝑛 − 𝛾(𝐼𝑁𝐻) A1 

 52 

 
µ(𝑀𝑇)𝐼𝐷

ℎ𝑢𝑚𝑎𝑛 =
µ(𝑀𝑇)𝐼𝐶

ℎ𝑢𝑚𝑎𝑛 ∗ µ(𝑀𝑇)𝐼𝐷
𝑚𝑖𝑐𝑒

µ(𝑀𝑇)𝐼𝐶
𝑚𝑖𝑐𝑒  

 A2 
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  𝛽ℎ𝑢𝑚𝑎𝑛 = µ(𝑀𝑇)𝐼𝐷
ℎ𝑢𝑚𝑎𝑛 − µ(𝑀𝑇)𝐼𝐶

ℎ𝑢𝑚𝑎𝑛 A3 
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SI Tables 55 

Table S 1: PBPK model parameters for urinary excretion of INH and its metabolites 56 

Table S 1: PBPK model parameters for urinary excretion of INH and its metabolites 

Renal excretion Vmax
* 

(µmol·L-1·min-1) 

Km* 

(µmol·L-1) 

Glomerular 

filtration rate 

Isoniazid 20 300 0 

Acetylisoniazid 0.3 20 0 

Hydrazine 0 0 1 

Diacetylhydrazine 0 0 0.4 

Acetylisoniazid 0 0 1 

Acetylhydrazine 0 0 0.2 

Isonicotinic acid 0 0 1 

Isonicotinoyl glycine 0 0 1 
* Kinetic parameters for tubular secretion 57 

 58 

Table S 2: Parameters used in population simulation  59 

PatientPopulation.xlsx 60 

Table S 3: Sampled beta for immune deficient population 61 

immunde_deficient_beta.xlsx 62 

  63 
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SI Figures 64 

Fig. SI 1: PBPK model structure in PK-Sim®. 65 

Fig. SI 2: Simulated (lines) and experimental (symbols) PK profiles of A) INH (solid; 66 

circles) following a single 300 mg INH intravenous administration in fast acetylators (14), 67 

B) INH (solid; circles), acetylisoniazid (AcINH) (dashed; triangles), isonicotinic acid (INA) 68 

(dotted; squares), and isonicotinoyl glycine (INAG) (dash-dotted; diamonds) following a 69 

single 300 mg intravenous administration in fast acetylators (15). C) observed (2, 3) vs. 70 

predicted INH, AcINH, INA, and INAG plasma concentrations in fast acetylators following 71 

single intravenous INH dose of 300 mg. 72 

Fig. SI 3: Simulated (lines) and experimental (circles) (16) INH PK profiles A) following a 73 

single 300 mg oral INH dose in intermediate (FS) acetylators (solid), B) INH PK profiles 74 

following single a 300 mg, 600 mg, or 900 mg oral INH dose in fast (FF) acetylators 75 

(dashed). C) observed (16) vs. predicted INH plasma concentrations for intermediate and 76 

fast acetylators following a single oral INH dose of 300 mg, and 300 mg, 600 mg, or 900 77 

mg, respectively. 78 

Fig. SI 4: Simulated INH A-C) and AcINH D-E) pharmacokinetic profiles of virtual patient 79 

populations comprising 1,000 individuals. The population median (solid), the 25th and 75th 80 

(dashed), and 5th and 95th (dotted) percentiles after receiving a single oral dose of 300 81 

mg INH are shown. Subfigure A) and D) show slow, B) and E) intermediate, and C) and 82 

F) fast acetylator populations. 83 

Fig. SI 5: Plasma concentration profiles of INH and its metabolites as simulations (lines) 84 

and experimental data (symbols) (17). A) PK profiles of slow acetylators (SS) for INH 85 

(black solid, circles), acetylhydrazine (AcHz) (black solid, triangles), and intermediate 86 
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acetylators (FS) for INH (grey dashed, circles), AcHz (grey dashed, triangles). B) 87 

observed (17) vs. predicted INH and AcHz plasma concentrations for slow and 88 

intermediate acetylators following single oral INH dose of 300 mg. 89 

Fig. SI 6: Plasma concentration profiles of INH and its metabolites as simulations (lines) 90 

and experimental data (symbols) (18). A) PK profiles of slow acetylators (SS) for INH 91 

(black solid, circles) and hydrazine (Hz) (black solid, right-pointing triangles) and 92 

intermediate acetylators (FS) for INH (grey dashed, circles) and Hz (grey dashed, right-93 

pointing triangles). B) observed (18) vs. predicted INH and Hz plasma concentrations for 94 

slow and intermediate acetylators following single oral INH dose of 300 mg. 95 

Fig. SI 7: Plasma concentration profiles of INH and its metabolites as simulations (lines) 96 

and experimental data (symbols) (19). A) PK profiles of slow acetylators (SS) for AcHz 97 

(black solid, left-pointing triangles), diacetylhydrazine (DiAcHz) (black solid, down-98 

pointing triangles) and intermediate acetylators (FS) for AcHz (grey dashed, left-pointing 99 

triangles), DiAcHz (grey dashed, down-pointing triangles). B) observed (19) vs. predicted 100 

AcHz and DiAcHz plasma concentrations for slow and intermediate acetylators following 101 

single oral INH dose of 300 mg. 102 

Fig. SI 8: Plasma concentration profiles of INH and its metabolites as simulations (lines) 103 

and experimental data (symbols) (20). A) PK profiles of slow acetylators (SS) for INH 104 

(black solid, circles), AcINH (black solid, squares), AcHz (black solid, left-pointing 105 

triangles), DiAcHz (black solid, down-pointing triangles) and fast acetylators (FF) for INH 106 

(grey dashed, circles), AcINH (grey dashed, squares), AcHz (grey dashed, left-pointing 107 

triangles), DiAcHz (grey dashed, down-pointing triangles) and intermediate acetylators 108 

(FS) for INH (grey dotted, circles), AcINH (grey dotted, squares), AcHz (grey dotted, left-109 
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pointing triangles), DiAcHz (grey dotted, down-pointing triangles). B) observed (20) vs. 110 

predicted INH, AcINH, AcHz, and DiAcHz plasma concentrations for slow, intermediate, 111 

and fast acetylators following single oral INH dose of 300 mg. 112 

  113 
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 114 

  115 

Fig. SI 1: PBPK model structure in PK-Sim®. 116 

  117 
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   118 

Fig. SI 2: Simulated (lines) and experimental (symbols) PK profiles of A) INH (solid; circles) following a 119 

single 300 mg INH intravenous administration in fast acetylators (14), B) INH (solid; circles), acetylisoniazid 120 

(AcINH) (dashed; triangles), isonicotinic acid (INA) (dotted; squares), and isonicotinoyl glycine (INAG) 121 

(dash-dotted; diamonds) following a single 300 mg intravenous administration in fast acetylators (15). C) 122 

Observed (2, 3) vs. predicted INH, AcINH, INA, and INAG plasma concentrations in fast acetylators 123 

following single intravenous INH dose of 300 mg.  124 
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 125 

Fig. SI 3: Simulated (lines) and experimental (circles) (16) INH PK profiles A) following a single 300 mg 126 

oral INH dose in intermediate (FS) acetylators (solid), B) INH PK profiles following single a 300 mg, 600 127 

mg, or 900 mg oral INH dose in fast (FF) acetylators (dashed). C) Observed (16) vs. predicted INH plasma 128 

concentrations for intermediate and fast acetylators following a single oral INH dose of 300 mg, and 300 129 

mg, 600 mg, or 900 mg, respectively.  130 
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  131 

Fig. SI 4: Simulated INH A-C) and AcINH D-E) pharmacokinetic profiles of virtual patient populations 132 

comprising 1,000 individuals. The population median (solid), the 25th and 75th (dashed), and 5th and 95th 133 

(dotted) percentiles after receiving a single oral dose of 300 mg INH are shown. Subfigure A) and D) show 134 

slow, B) and E) intermediate, and C) and F) fast acetylator populations.  135 
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 136 

Fig. SI 5: Plasma concentration profiles of INH and its metabolites as simulations (lines) and experimental 137 

data (symbols) (17). A) PK profiles of slow acetylators (SS) for INH (black solid, circles), acetylhydrazine 138 

(AcHz) (black solid, triangles), and intermediate acetylators (FS) for INH (grey dashed, circles), AcHz (grey 139 

dashed, triangles). B) Observed (17) vs. predicted INH and AcHz plasma concentrations for slow and 140 

intermediate acetylators following single oral INH dose of 300 mg. 141 

  142 
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  143 

Fig. SI 6: Plasma concentration profiles of INH and its metabolites as simulations (lines) and experimental 144 

data (symbols) (18). A) PK profiles of slow acetylators (SS) for INH (black solid, circles) and hydrazine (Hz) 145 

(black solid, right-pointing triangles) and intermediate acetylators (FS) for INH (grey dashed, circles) and 146 

Hz (grey dashed, right-pointing triangles). B) Observed (18) vs. predicted INH and Hz plasma 147 

concentrations for slow and intermediate acetylators following single oral INH dose of 300 mg. 148 

  149 
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 150 

Fig. SI 7: Plasma concentration profiles of INH and its metabolites as simulations (lines) and experimental 151 

data (symbols) (19). A) PK profiles of slow acetylators (SS) for AcHz (black solid, left-pointing triangles), 152 

diacetylhydrazine (DiAcHz) (black solid, down-pointing triangles) and intermediate acetylators (FS) for 153 

AcHz (grey dashed, left-pointing triangles), DiAcHz (grey dashed, down-pointing triangles). B) Observed 154 

(19) vs. predicted AcHz and DiAcHz plasma concentrations for slow and intermediate acetylators following 155 

single oral INH dose of 300 mg.  156 
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 157 

Fig. SI 8: Plasma concentration profiles of INH and its metabolites as simulations (lines) and experimental 158 

data (symbols) (20). A) PK profiles of slow acetylators (SS) for INH (black solid, circles), AcINH (black solid, 159 

squares), AcHz (black solid, left-pointing triangles), DiAcHz (black solid, down-pointing triangles) and fast 160 

acetylators (FF) for INH (grey dashed, circles), AcINH (grey dashed, squares), AcHz (grey dashed, left-161 

pointing triangles), DiAcHz (grey dashed, down-pointing triangles) and intermediate acetylators (FS) for 162 

INH (grey dotted, circles), AcINH (grey dotted, squares), AcHz (grey dotted, left-pointing triangles), DiAcHz 163 

(grey dotted, down-pointing triangles). B) Observed (20) vs. predicted INH, AcINH, AcHz, and DiAcHz 164 

plasma concentrations for slow, intermediate, and fast acetylators following single oral INH dose of 300 mg. 165 

  166 
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