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Abstract 
 

Development of a Korean population model for 

physiologically based pharmacokinetic modeling 

 

Yun Kim 

Major in Biomedical Radiation Sciences 

The Graduate School of Convergence Science and Technology 

Seoul National University 

 

Physiologically-based pharmacokinetic (PBPK) modeling and simulation within 

SimCYP® Simulator (Certara USA, Inc., Princeton, USA) is available with several 

virtual population models by ethnicity such as Caucasian, Japanese, and Chinese. 

These built-in ethnic population models with the population-specific physiologic 

parameters are useful to evaluate and understand the ethnic impact on the sensitivity 

of pharmacokinetics. However, a Korean population model is not available yet in 

SimCYP® simulator for PBPK approach.  



ii 

We aimed 1) to develop a Korean virtual population model which can be 

incorporated into the SimCYP® Simulator, and 2) to validate the appropriateness of 

the Korean virtual population model by comparing the simulated pharmacokinetic 

profiles and those reported previously for several model substrates of major drug 

metabolizing enzymes and transporters. Because most of the demographic and 

physiological parameters were the same (2689 out of 2824, 95.2 %) for all ethnic 

groups, they were mostly employed in the Korean population model. In contrast, 

ethnic sensitive parameters such as frequency of genetic variants and hepatic 

parameters including Cytochrome P450 (CYPs), UDP-glucuronosyltransferase 

(UGT), organic anion-transporting polypeptide (OATP), liver density and volume 

were modified based on literature, or otherwise some were employed without changes 

from other ethnic populations. Using the built-in three ethnic population models in 

the SimCYP® Simulator and the newly-developed Korean population model, 

pharmacokinetic profiles of the following example substrates were predicted: 

midazolam (CYP3A4/5), warfarin (CYP2C9), omeprazole (CYP2C19), metoprolol 

(CYP2D6), lorazepam (UGT), and rosuvastatin (OATP1B1/Breast cancer resistance 

protein (BCRP)).  

The predicted pharmacokinetic profiles varied widely by ethnic group with 

omeprazole having the largest difference. All the simulated values of geometric mean 

clearances of the six example drugs in developed Korean population model were 

within 0.5-1.5 fold of observed values (90.9 % of the predictions) except that of 

rosuvastatin (1.63 fold over-prediction). In conclusion, a Korean population model 

for PBPK modeling in the SimCYP® Simulator was adequately developed. This study 
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indicated that an adequate Korean model would help understand ethnic sensitivity of 

a drug, and thus support the evidence for different dosing regimens and designs of 

bridging studies, and for gene-drug/drug-drug interaction possibilities in clinical drug 

development. 

-------------------------------------- 

Keywords: Physiologically based pharmacokinetic (PBPK) modeling; SimCYP® 

Simulator; Korean population model 

Student number: 2015-26053 
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INTRODUCTION 
 

Different ethnic groups may have differences in pharmacokinetics (PK) and 

pharmacodynamics (PD), which can affect the safety and efficacy of a drug, 

thereby requiring different doses and dosage regimens [1]. Therefore, it is 

essential to adequately characterize ethnic difference during clinical drug 

development, particularly of a global scale [2]. The variability caused by 

genetic polymorphism in drug metabolizing enzymes, transporters, receptors, 

and drug targets is a major reason for different drug response [3, 4]. The 

regulatory agencies may eventually request duplicated clinical trials be 

conducted, which not only results in delayed access to new drugs due to lengthy 

approval times, but also is expensive and less efficient [1].  

A viable alternative to conducting duplicated clinical trials in 

anticipating how ethnic factors might influence drug response and safety in 

different ethnic groups is to use physiologically based pharmacokinetic (PBPK) 

modeling and simulation, which allows for prediction of potential 

pharmacokinetic differences in various ethnic populations [5]. With the recent 

availability of advanced software tools, the application of PBPK modeling to 

real-world drug development has proven effective in knowledge-based decision 

making at various drug discovery and development phases [5, 6]. For example, 

the SimCYP® Simulator is a commercially available population-based platform 

for PBPK modeling. The SimCYP® Simulator can enable understanding ethnic 

sensitivities by simulating several virtual populations such as Caucasian, 
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Japanese, and Chinese, which is based on population-specific parameters about 

demographic, physiological, genetic and environmental information [7, 8]. 

However, no virtual population model is available for Koreans in the 

current SimCYP® Simulator, whereas several studies reported inter-ethnic 

variability in pharmacokinetics among Koreans, Chinese, and Japanese, 

primarily due to genetic polymorphism. For instance, CYP2D6*1 frequency 

was significantly higher in Koreans and Japanese than in Chinese, whereas the 

frequency of CYP2D6*10 in Koreans and Japanese was significantly lower 

than that in Chinese [9], which was associated with ethnic influence on 

CYP2D6 activity that may result in different required doses for optimal 

treatment. Additionally, Koreans had lower a frequency of CYP2C19 PM 

(12.6 %) than Japanese (22.5 %) and Chinese (17.4 %) [10]. Thus, these 

genomic differences in drug metabolizing enzymes among Koreans, Japanese, 

and Chinese have led to distinct pharmacokinetic profiles among these 

populations even though they are geographically close [9-13]. 

Based on this understanding, the objectives of the present study were 

1) to develop a Korean virtual population model which can be incorporated into 

the SimCYP® Simulator, and 2) to validate the appropriateness of the Korean 

virtual population model by comparing the simulated pharmacokinetic profiles 

and those reported previously for several model substrates of major drug 

metabolizing enzymes and transporters. 
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METHODS 

SimCYP® Population-based Simulator (version 15) was used to perform 

simulation and prediction of plasma drug concentration-time profiles in virtual 

Caucasian, Chinese, and Japanese populations as provided in the software. 

 

Development of a Virtual Korean Population Model 

 

Comparison and adaptation with built-in ethnic population parameters 

We compared and analyzed the components, especially the parameters, of three 

different virtual populations (Caucasian, Chinese and Japanese), which are 

provided in SimCYP® Simulator (Figures 1-2). The parameters of virtual 

population models in SimCYP® Simulator are consisted of thirteen groups; 

Population for demography and genetic frequencies, liver, kidney, skin, 

gastrointestinal (GI) tract, lung, tissue composition, tissue blood flow rates, 

brain, additional organ, neonatal Fc receptor (FcRn) immunoglobulin G (IgG), 

lymph, and target. Among these parameters in ethnic population models, we 

found out that most of built-in parameters were the same (2689 out of 2824, 

95.2 %). On the other hand, there are different parameters in five groups; 

population, liver, kidney, GI tract and tissue composition. 

Additionally, we closely examined the differences among Asian and 

Caucasian population models to understand the basis of establishment of built-
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in parameters and the reasons for being different. According to the comparison 

with ethnic populations and the information about the values of ethnic model 

parameters, we defined a criteria that supports the priority for the substitution 

of the parameters from other population models to Korean model when there is 

not available Korean-specific data from literature sources, for which it was 

introduced by setting the parameter values of each ethnic model in following 

order as Chinese, Japanese, and Caucasian. 

To go further development, we compared the parameters in Chinese 

and Japanese population models, whose parameters were expected to be similar 

in Korean population model to be developed. We also compared the different 

parameters, showing more than 50 % difference among those in Chinese and 

Japanese models, to figure out built-in ethnic difference among the parameters. 

If the parameter values of both models are the same, then the appropriate 

parameter values were assumed to be the same in Korean population model. 

Otherwise, for the parameters with any differences between Chinese and 

Japanese models, if there is available information, it has been applied to the 

Korean model with the appropriate values based on the literature sources and 

statistics, and if not, we used the default values from Chinese model. 

Furthermore, we were able to develop a healthy Korean population model by 

comparing Chinese and healthy Chinese model, for which there were only a 

few different parameters (demographics, achlorhydric coefficient and its 

maximum percent). 
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Figure 1. Study flow for development of a Korean population model. 
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Figure 2. Comparison of parameters in ethnic population models and 
development of Korean population model 
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Collating Literature Sources for Korean specific parameters 

In this study, a majority of parameters in Korean population model developed 

were similar with those in Chinese model, but the distinct parameters from 

Chinese model were the values regarding to genetic polymorphism (CYP, UGT, 

OATP), liver, and hematocrit (Table 1). Frequencies of phenotype (or genetic 

variants) of CYP2A6, CYP3A5, CYP2C9, CYP2C19 and CYP2D6 were reset 

with Korean-specific values. Additionally, those of UGT1A1, UGT1A9, 

UGT2B7, UGT2B15, UGT2B17, and OATP1B1, were substituted with 

Korean-specific parameters from collated literatures. 

An equation for the estimation of liver volume 

(liver volume (𝐿𝐿 𝑚𝑚2⁄ ) =  0.722 × 𝐵𝐵𝐵𝐵𝐵𝐵1.176), derived by the data from both 

Caucasian and Japanese children and adults [14], is employed into the 

SimCYP® Simulator, and Korean-specific liver density (1.04 kg/L) was used 

for the conversion of liver weight [15]. Due to the difference (21.2 %) between 

simulated and observation values of liver weights using the equation [14], the 

liver volume scalar of 0.788 was incorporated into the Korean population model 

to predict liver volume. 

Haematocrit mean (%) parameters in tissue composition for Korean 

were the values (45.5 % and 42.0 % in males and females) collected from the 

electronic medical record in Seoul National University and Hospital (2015). 

These values are similar to the values of Chinese (45.3 % and 40.5 % in males 

and females). 
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Table 1. Summary of incorporated parameters for three different ethnic 
population models (default values of Caucasian, Japanese, Chinese in 
SimCYP) 

Parameters Caucasian Japanese Chinese Korean Reference 

CYP2A6 
EM 1.000 1.000 0.870 0.285 

[61] IM 0.000 0.000 0.000 0.451 
PM 0.000 0.000 0.130 0.264 

CYP3A5 
EM 0.830 0.580 0.580 0.044 

[62] IM 0.000 0.000 0.000 0.348 
PM 0.000 0.000 0.000 0.608 

CYP2C9 

*1/*1 0.672 0.960 0.924 0.930 

[63] 

*1/*2 0.186 0.000 0.002 0.000 
*1/*3 0.111 0.040 0.071 0.070 
*2/*2 0.011 0.000 0.000 0.000 
*2/*3 0.017 0.000 0.000 0.000 
*3/*3 0.003 0.000 0.002 0.000 

CYP2C19 
EM 0.976 0.820 0.870 0.352 

[62] IM 0.000 0.000 0.000 0.473 
PM 0.024 0.180 0.130 0.169 

CYP2D6 
EM 0.865 0.750 0.597 0.647 

[62] IM 0.000 0.230 0.390 0.351 
PM 0.082 0.004 0.003 0.002 

UGT1A1 
EM 0.440 0.480 0.460 0.492 

[62] IM 0.440 0.420 0.440 0.417 
PM 0.110 0.100 0.100 0.091 

UGT1A9 
EM 0.960 0.990 1.000 0.321 

[62, 64, 65] IM 0.000 0.010 0.000 0.527 
PM 0.040 0.000 0.000 0.152 

UGT2B7 
EM 1.000 1.000 1.000 0.459 

[41] IM 0.000 0.000 0.000 0.437 
PM 0.000 0.000 0.000 0.104 

UGT2B15 
EM 0.210 0.280 0.210 0.276 

[40] IM 0.510 0.610 0.510 0.513 
PM 0.280 0.110 0.280 0.211 

UGT2B17 
EM 0.550 0.170 0.020 0.026 

[66] IM 0.360 0.000 0.240 0.232 
PM 0.090 0.830 0.740 0.742 

SLCO1B1 
(OATP1B1) 

ET 0.640 1.000 1.000 0.780 
[67] IT 0.270 0.000 0.000 0.205 

PT 0.020 0.000 0.000 0.015 
Liver Density (mg/L) 1080 1080 1080 1040 [14, 15, 68, 

69] Liver Volume Scalar 1.000 1.000 0.850 0.788 

Haematocrit Mean 
(%) 

Male 43.0 43.0 45.3 45.5 SNUH 
EMR, 2015 Female 38.0 38.0 40.5 42.0 
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EM extensive metabolizers, IM intermediate metabolizers, PM poor metabolizers, ET extensive 
transporters, IT intermediate transporters, PT poor transporters, SNUH EMR data provided by 
Seoul National University and Hospital electronic medical records 
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Application and Verification of Korean Population Model 

 

Simulation of pharmacokinetic profile 

Using three ethnic population models within software and new developed 

Korean population model, simulated plasma concentration-time profiles were 

obtained in general design (20-50 years, proportion of female: 0.5, 10 trials 

ⅹ10 subjects in each population). For the verification of the Korean population 

model, if available, in accordance with the characteristics of the actual study 

data including distributions of age, sex, ethnicity, dosage, phenotype, as well 

as the reported study designs and conditions. The Korean population model was 

applied to six drug compounds which are vulnerable to specific genetic 

polymorphism or negative control for ethnicity [midazolam (CYP3A4/5 

substrate), warfarin (CYP2C9 substrate), metoprolol (CYP2D6 substrate), 

omeprazole (CYP2C19 substrate), lorazepam (UGT substrate), and 

rosuvastatin (OATP1B1/BCRP substrate)]. Simulations were comparable with 

available clinical data in Korean, Chinese, Japanese and Caucasian subjects 

following either intravenous and/or oral administration. Clinical 

pharmacokinetic data for several drugs were searched in the PubMed online 

database or provided from authors with kindness. Built-in substrate models 

within the SimCYP® Simulator were used to simulate pharmacokinetic profile 

in different populations.  
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Midazolam 

Midazolam has been recommended by the FDA as a typical substrate to feature 

the CYP3A metabolism, with its characteristic of metabolism primarily by 

CYP3A4/5 [16]. Midazolam metabolism is known to be limited impact on 

CYP3A4/5 genetic variants [17]. Therefore, we used midazolam as a negative 

control to characterize little ethnic difference. Simulated plasma drug 

concentration-time profiles were compared with those reported separately from 

19 Korean (CYP3A5 *1/*1, n=6, 16.7 % females, 23.2 ± 2.5 years; *1/*3, n=6, 

All males, 22.3 ± 0.5 years; *3/*3, n=7, 14.3 % females, 23.3 ± 1.8 years) [18], 

22 Chinese males (73 % CYP3A5 PMs, 27 % 3A5 EMs, 20-28 years) [19], 10 

Japanese males (Unknown geno/phenotype, 24.9 ± 2.6 years) [20], and 8 

Caucasian males (Unknown geno/phenotype, 24-26 years) [21]. The CYP3A5 

phenotype frequencies for Japanese and Caucasian within the SimCYP® 

Simulator were used. 

 

Warfarin 

When using warfarin in anticoagulation therapy, it has been reported that race 

has contribution to variability in dosing requirements of warfarin, for example, 

Asians requiring lower doses than Caucasian [22]. CYP2C9 genetic variants 

are related with high incidence of hemorrhage, and serve as potential reasons 

for PK/PD variability in warfarin use [23]. Simulated plasma drug 

concentration-time profiles were compared with those reported separately from 

12 Korean males (Unknown geno/phenotype, 20-39 years) [24], 6 Chinese and 
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6 Caucasian males (Unknown geno/phenotype, 20-36 years) [25], 14 Japanese 

(CYP2C19 EMs, n=7; PMs, n=7; 28.6 % female; 24-30 years) [26], and 15 

Caucasian (Unknown geno/phenotype, 50 % female; 20-41 years) [27].  

 

Omeprazole 

Omeprazole is recommended as a probe drug of CYP2C19 because of its safety 

and sensitivity by the FDA [16]. The differences in frequency of CYP2C19 

geno/phenotype in Asian and Caucasian population are widely known, which 

led to different pharmacokinetic profile and the effects of the drug [3, 28]. 

Simulated plasma drug concentration-time profiles were compared with those 

reported separately from 13 Korean (CYP2C19 EMs, n=6; PMs, n=7; 18.8 % 

female; 20-36 years) [29], 19 Chinese males (All CYP2C19 EMs; 20-24 years) 

[30], 11 Japanese (All CYP2C19 EMs; 27.3 % females; 22-38 years) [31], and 

9 Caucasian (All CYP2C19 EMs; 44.4 % females; 18-50 years) [32]. 

 

Metoprolol 

Metoprolol is mostly metabolized by CYP2D6, and it represent well as a probe 

for CYP2D6 [33]. Interethnic variability is reported to exist with regard to the 

frequency of the different genetic variants, for which PM frequency is only 

about 1 % in Asian compared to that about 8 % in Caucasian [3, 34]. Simulated 

plasma drug concentration-time profiles were compared with those reported 

separately from 14 Korean (CYP2D6 EMs; *1/*1, n=8 and *1/*2, n=1; All 

male; 22-27 years; CYP2D6 IMs; *10/*10, n=5; 22.2 % female; 21-27 years) 
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[35, 36], 40 Chinese males (CYP2D6 EMs; *1/*1, n=6, *1/*2, n=10, and 

*1/*10, n=12; 21-28 years; CYP2D6 IMs; *10/*10, n=12; 23-24 years) [37], 8 

Japanese males (Unknown geno/phenotype, 22-31 years) [38], and 17 

Caucasian males (CYP2D6 EMs, n=13; 23-34 years; CYP2D6 PMs, n=4; 28.5-

40 years) [39]. The CYP2D6 phenotype frequencies for Japanese within the 

SimCYP® Simulator were used. 

 

Lorazepam 

Lorazepam is reported to be glucuronidated by UGT2B15 and a study results 

indicated that the effect of the UGT2B15 genetic polymorphism on the PKs of 

lorazepam is significant [40]. Another study showed that the clearance of 

lorazepam tend to be reduced in Korean and Japanese population compared to 

other ethnic populations [41]. Simulated plasma drug concentration-time 

profiles were compared with those reported separately from 24 Korean 

(UGT2B15 *1/*1, n=9; 44.4 % female; UGT2B15 *2/*2, n=15; 60 % female; 

21-29 years) [40], 20 Chinese males (Unknown geno/phenotype, 20-28 years) 

[42], 7 Japanese males (Unknown geno/phenotype, 22-25 years) [43], and 11 

Caucasian including 1 Asian (Unknown geno/phenotype, 45.5 % female; 18-

35 years) [44]. The UGT2B15 phenotype frequencies for Chinese, Japanese, 

and Caucasian within the SimCYP® Simulator were used. 
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Rosuvastatin 

A rosuvastatin labeling says that systemic exposure of the drug was elevated 

approximately 2-fold in Asian in comparison with that of Caucasian, which has 

resulted in the dose adjustment in Asian patients [45]. The reasons for the 

observed ethnic difference have not yet fully understood, although impact of 

ABCG2 and SLCO1B1 polymorphisms on PKs of rosuvastatin are candidates 

[46]. Simulated plasma drug concentration-time profiles were compared with 

those reported for an in vivo study with 26 Korean (22 % SLCO1B1 IMs, 43 % 

ABCG2 IMs; 53.9 % female; 18-26 years), 26 Chinese (12 % SLCO1B1 IMs, 

59 % ABCG2 IMs; 23.1 % female; 18-40 years), 27 Japanese (24 % SLCO1B1 

IMs, 44 % ABCG IMs, 8 % PMs; 37.0 % female; 20-62 years), and 26 

Caucasian (27 % SLCO1B1 IMs, 5 % PMs, 32 % ABCG2 IMs; 26.9 % female; 

20-59 years) [47]. 

 

Statistical analysis 

Population PK parameters tend to follow log-normal distribution. Therefore, 

values of geometric mean (GM) clearance (CL) and 95 % confidence intervals 

(CIs) were compared by calculation from the log-distributed data; population 

mean (μ) and standard deviation (SD, σ). Clinical studies report data in terms 

of GM and CI as well as mean values and SDs. In order to compare reported 

data in consistency, mean and SDs were converted to GMs and 95 % CIs, using 

Eqs. 1-4. 

σ =  �𝐿𝐿𝐿𝐿(1 + 𝐶𝐶𝐶𝐶2)                                                                                                 (1) 
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µ = (Ln(Mean)  − 0.5 × 𝜎𝜎2)                                                                                (2) 

GM =  𝑒𝑒𝑒𝑒𝑒𝑒𝜇𝜇                                                                                                                 (3) 

95 % CIs =  𝑒𝑒𝑒𝑒𝑒𝑒
�𝜇𝜇±1.96×𝜎𝜎

√𝑛𝑛−1
�
                                                                                      (4) 

Where n=the number of the subjects in the study and the Coefficient of variance 

(CV) was calculated from the reported mean values and SD using Eq. 5. 

CV =  
𝐵𝐵𝑆𝑆𝑆𝑆𝐿𝐿𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑆𝑆𝑒𝑒𝑑𝑑𝑑𝑑𝑆𝑆𝑆𝑆𝑑𝑑𝑑𝑑𝐿𝐿

𝑀𝑀𝑒𝑒𝑆𝑆𝐿𝐿
                                                                                   (5) 

If there are the mean values and 95 % CI reported, SD was calculated by the 

Eq. 6. 

SD =  
(𝑈𝑈𝑒𝑒𝑒𝑒𝑒𝑒𝑆𝑆 𝐿𝐿𝑑𝑑𝑚𝑚𝑑𝑑𝑆𝑆 − 𝐿𝐿𝑑𝑑𝐿𝐿𝑒𝑒𝑆𝑆 𝐿𝐿𝑑𝑑𝑚𝑚𝑑𝑑𝑆𝑆) × √𝐿𝐿

2 × 1.96
                                                    (6) 

If there are more than one reported data of GM and 95 % CIs in studies or 

groups with same route of administration and geno/phenotype, then we 

calculated the pooled geometric mean (PGM) by using Eq. 7.  

PGM =  �𝐺𝐺𝑀𝑀1𝑛𝑛1  × 𝐺𝐺𝑀𝑀2𝑛𝑛2  ⋯×  𝐺𝐺𝑀𝑀𝐺𝐺𝑛𝑛𝑛𝑛
∑ 𝑛𝑛𝑛𝑛𝑛𝑛
𝑛𝑛=1

                                                (7) 

Basically, the clearance of drug was calculated by dose / AUCinf. When the 

studies reported only the AUClast values, we used the simulated AUClast values 

to calculate the clearance. If the studies reported only the mean and SD values 

of AUCinf or AUClast, then GM of AUC was calculated to draw the GM of the 

clearance. Additionally, when the studies reported the log-normal parameters 

with median values and range, we estimated the mean and SD values by using 

Eq. 8-10. 

Mean ≈  
𝑀𝑀𝑑𝑑𝐿𝐿𝑑𝑑𝑚𝑚𝑀𝑀𝑚𝑚 + 2 × 𝑀𝑀𝑒𝑒𝑆𝑆𝑑𝑑𝑆𝑆𝐿𝐿 + 𝑀𝑀𝑆𝑆𝑒𝑒𝑑𝑑𝑚𝑚𝑀𝑀𝑚𝑚

4
                                                    (8) 
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Where the size of the sample was less and equal to 23 (n ≤ 23) and if n > 23, 

we estimate the median value as mean. 

𝐵𝐵𝑆𝑆2  ≈  
1

12�
(𝑆𝑆 − 2𝑚𝑚 + 𝑏𝑏)2

4
+  (𝑏𝑏 − 𝑆𝑆)2�                                                       (9) 

Where the size of the sample was less and equal to 15 (n ≤ 15). 

SD ≈  
(𝑏𝑏 − 𝑆𝑆)

4
                                                                                                       (10) 

Where the size of the sample was larger than 15, and less and equal to 64 (15 < 

n ≤ 64). 

The clearance parameter was determined from a non-compartmental analysis 

using the Phoenix®WinNonlin® Software 6.4 (Pharsight, St Louis, MO, USA) 

if the observed individual data were able to be provided. The Plot Digitizer 

software (version 2.6.8) were used to obtain the mean concentration-time data. 
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Results 

 

Simulation of mean plasma drug concentration-time 

profiles 

The simulated pharmacokinetic profiles varied widely by ethnic group with 

omeprazole having the largest difference (Figures 3-4). Midazolam as a 

negative control of ethnic polymorphism showed similar pharmacokinetic 

profiles among ethnicities, however, the clearance value in Korean was 

predicted lower than the population median clearance value. When simulated 

with warfarin 2 mg PO, Asian population showed greater exposure in contrast 

to Caucasian showing little exposure. Among the Asian populations, warfarin 

PK profile in Japanese appeared to be rapidly eliminated, which can be 

identified with bigger clearance value in Japanese than that in Korean and 

Chinese. However, omeprazole PK profile showed significant difference even 

in Asian population, for which Korean and Japanese were captured with larger 

exposure than Chinese, while maintaining the smallest exposure in Caucasian. 

The omeprazole clearance values in Caucasian showed wide range of 

variability, which was comparable with Asian. Similar with warfarin PK 

profiles among ethnicities, it is predicted that metoprolol exposure was greater 

in Asian population than Caucasian. With regard to lorazepam PK profile, 

Caucasian represented higher median clearance value than Asian. However, 

Korean showed significantly low median clearance, so that the PK profile of 

lorazepam in Korean is above those in other populations and not similar with 
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elimination pattern. Rosuvastatin PK profile resembled to lorazepam, which 

showed greatest exposure of rosuvastatin in Korean following Chinese, 

Japanese and Caucasian. However, the clearance value in Korean was similar 

with Chinese and Japanese. Overall, predicted pharmacokinetics showed large 

differences among the ethnic groups and omeprazole showed the largest 

difference among the six drugs. 
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Figure 3. Simulated mean plasma drug concentration-time profiles in 
Korean, Chinese, Japanese, and Caucasian 

 
Each line represents simulations of mean plasma concentration-time profiles of 400 population 
size (10 trialsⅹ40 subjects per trial; 10 subjects in each ethnic population). 
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Figure 4. Simulated population clearances (oral or systemic) of six different drugs in Korean, Chinese, Japanese, and Caucasian. 

 

◆: simulated median clearances in each population with 5th and 95th percentiles in vertical grey lines. ■: The grey lines represent simulated median clearances of the total 
population and dotted lines represent the 5th and 95th percentiles for the total population.  
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Simulation and observation of clearance 

All the simulated values of geometric mean clearances of six different drugs in 

developed Korean population model were within 0.5-1.5 fold of observed 

values (90.9 % of the predictions) except that of rosuvastatin (1.63 fold over-

prediction), which was obtained in accordance with the characteristics of 

observed studies including phenotype and design (Table 2 and Figure 5). 63.6 % 

of the simulated clearances were within 0.7-1.3 fold of the observed values, and 

45.5 % of the simulated clearances were within 0.8-1.25 fold of the observed 

values. Midazolam IV clearances were better captured in CYP3A5 EMs whose 

ratio was 0.88. The ratio of the simulated to the observed omeprazole PO 

clearance was 0.97 in CYP2C19 PMs in contrast to showing less accuracy with 

the ratio of 0.60 in CYP2C19 EM subjects. Similarly, the developed Korean 

population model predicted the lorazepam IV clearances with better 

performance in UGT2B15 PMs compared to UGT2B15 EMs (ratios: 0.84 vs 

0.52), indicating a trend to under-prediction for IV clearance in Korean. There 

were approximately 33 % of UGT2B7 IMs and 11 % of UGT2B7 PMs in 

UGT2B15 EMs, and all about 33 % of UGT2B7 EMs, IMs, and PMs in 

UGT2B15 PMs.  

The predicted and observed values of geometric mean clearances of 

six different drugs for Chinese, Japanese, and Caucasian ethnic groups showed 

that 78.9 % of the simulated clearances were within 0.5-1.5 fold of the observed 

values (Table 3 and Figure 6). The simulated omeprazole PO clearance value 

in Japanese was significantly under-predicted compared to that of the observed 
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value (ratio: 0.26). Midazolam PO clearance value was over-predicted 

appearing the ratio of the simulated to the observed value as 1.70. For the 

rosuvastatin, in particular, all the ethnic groups including Korean has a 

tendency to over-predict the clearance, while the clearance values were not 

significantly different among them.  
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Table 2. Simulated and observed geometric mean clearances of Midazolam, S-Warfarin, Omeprazole, Metoprolol, Lorazepam and 
Rosuvastatin in developed Korean population model and Korean subjects after oral and intravenous administration. 

Enzymes  
/Transporters Substrate 

Observation 
Predicted CL 

(L/h) Ratioa References 
Phenotype N Dose 

(mg) Route Observed CL 
(L/h) 

CYP3A4, 
CYP3A5 Midazolam 

3A5 EM 6 

1 IV 

32.3 
(22.2-47.0) 

28.52 
(27.36-29.72) 0.88 

[18] 3A5 IM 6 29.1 
(18.9-44.9) 

18.56 
(17.63-19.54) 0.64 

3A5 PM 7 25.8 
(18.7-35.7) 

18.15 
(17.25-19.11) 0.70 

CYP2C9 S-Warfarin Unknown 12 25 PO 0.30 
(0.26-0.36) 

0.22 
(0.19-0.25) 0.73 [24] 

CYP2C19 Omeprazole 
EM 6 

40 PO. 

36.63 
(6.16-67.1) 

22.01 
(20.17-24.01) 0.60 

[29] 
PM 7 4.02 

(3.29-4.75) 
3.89 

(3.58-4.22) 0.97 

CYP2D6 Metoprolol 
EM 9 

100 PO 
91.07 78.60 

(72.01-85.80) 0.86 [35] 

IM 5 40.48 32.40 
(29.65-35.40) 0.80 [36] 

UGT2B7, 
UGT2B15 Lorazepam 2B15 EM 9 2 IV 4.15 

(1.87-9.21) 
2.15 

(1.95-2.36) 0.52 [40, 54] 
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2B15 PM 15 2.15 
(1.08-4.30) 

1.80 
(1.65-1.97) 0.84 

OATP1B1,  
BCRP Rosuvastatin 

OATP1B1 IM 
(22 %) 

ABCG2 IM 
(43 %) 

26 20 PO 104.71 170.95 
(156.56-186.66) 1.63 [47, 70] 

Data are shown as geometric mean values (95 % CI) for clearance 
EM extensive metabolizers, IM intermediate metabolizers, PM poor metabolizers, N number of the subjects, CL oral or systemic clearance (which is calculated as 
dose/AUC), PO oral, IV intravenous 
aRatios of predicted to observed CL 
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Figure 5. Simulated (lines) and observed (circles) mean plasma 
concentration-time profiles of midazolam, s-warfarin, omeprazole, 
metoprolol, lorazepam, and rosuvastatin in healthy or general Korean 
subjects after PO and IV administration. The grey lines represent 
simulations of individual trials (ten trials). The dashed lines represent the 
5th and 95th percentiles for the total virtual population. The black line 
represents the mean for the total virtual population. 
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Table 3. Simulated and observed geometric mean clearances of Midazolam, S-Warfarin, Omeprazole, Metoprolol, Lorazepam and 
Rosuvastatin in Chinese, Japanese, Caucasian population model and corresponding subjects after oral and intravenous administration. 

Enzymes  
/Transporters Substrate Ethnicity 

Observation 
Predicted CL 

(L/h) Ratioa Reference 
Phenotype N Dose 

(mg) Route Observed CL 
(L/h) 

CYP3A4, 
CYP3A5 Midazolam 

Chinese 

3A5 EM 
(27 %) 

3A5 PM 
(73 %) 

22 5 IV 25.0 
(23.6-26.6) 

21.67 
(20.31-23.13) 0.87 [19] 

Japanese Unknown 10 8 PO 0.80c 
(0.62 - 1.04) 

1.36c 
(1.01-1.72) 1.70 [20] 

Caucasian Unknown 8 5 IV 26.22 
(24.79-27.74) 

24.73 
(23.35-26.20) 0.94 [21] 

CYP2C9 S-Warfarin 

Chinese 
/Caucasian Unknown 12 25 

PO 

0.189 
(0.167-0.210) 

0.26 
(0.23-0.28) 1.38 [25] 

Japanese 

2C19 EM 
(50 %) 

2C19 PM 
(50 %) 

14 10 5.29b 4.82b 0.91 [26] 

Caucasian Unknown 15 25 0.38  
(0.31-0.47) 

0.33 
(0.29-0.37) 0.87 [27] 

CYP2C19 Omeprazole Chinese EM 19 40 PO 23.7 
(18.5-30.5) 

25.21 
(23.42-27.14) 1.06 [30] 
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Japanese 11 20 30 7.73 
(6.93-8.62) 0.26 [31] 

Caucasian 12 20 53.9 
(38.9-74.8) 

43.05 
(36.54-50.73) 0.80 [32] 

CYP2D6 Metoprolol 

Chinese 
EM 28 

100 

PO 

104.19 91.64 
(83.47-100.60) 0.88 

[37] 
IM 12 53.21 52.66 

(49.65-55.86) 0.99 

Japanese Unknown 8 40 87.06 61.61 
(55.06-68.93) 0.71 [38] 

Caucasian 
EM 13 

100 

193.49  
(146.94-254.77) 

138.70  
(123.6-155.64) 0.72 

[39] 
PM 4 31.09  

(29.59-2.68) 
24.29 

(23.06-25.58) 0.78 

UGT2B7, 
UGT2B15 Lorazepam 

Chinese 

Unknown 

20 

2 
PO 

5.21 4.44 
(4.05-4.87) 0.85 [42] 

Japanese 7 53.46b 
(40.13-1.21) 

74.01b 
(66.61-81.41) 1.38 [43] 

Caucasian 11 IV 4.15  
(3.52-4.89) 

3.58 
(3.31-3.88) 0.86 [44] 
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OATP1B1, 
ABCG2 Rosuvastatin 

Chinese 

OATP1B1 IM 
(12 %) 

ABCG2 IM 
(59 %) 

26 

20 PO 

96.62 183.23 
(168.27-199.51) 1.90 

[47, 70] 
Japanese 

OATP1B1 IM 
(24 %) 

ABCG2 IM 
(44 %) 

ABCG2 PM 
(8 %) 

27 103.63 180.55 
(163.19-199.77) 1.74 

Caucasian 

OATP1B1 IM 
(27 %) 

OATP1B1 PM 
(5 %) 

ABCG2 IM 
(32 %) 

26 172.41 278.21 
(254.26-304.43) 1.61 

Data are shown as geometric mean values (95 % CI) for clearance 
EM extensive metabolizers, IM intermediate metabolizers, PM poor metabolizers, N number of the subjects, CL clearance (which is calculated as dose/AUC), PO oral, IV 
intravenous 
aRatios of predicted to observed CL 
bValues of CL in mL/h/kg 
cValues of CL in L/h/kg 
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Figure 6. Simulated (lines) and observed (circles) mean plasma 
concentration-time profiles of midazolam, s-warfarin, omeprazole, 
metoprolol, lorazepam, and rosuvastatin in healthy or general Chinese, 
Japanese, Caucasian subjects after PO and IV administration. The grey 
lines represent simulations of individual trials (ten trials). The dashed lines 
represent the 5th and 95th percentiles for the total virtual population. The 
black line represents the mean for the total virtual population. 
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Discussion 

The objective of this study was to develop a specific Korean virtual population 

model and validate its appropriateness for several drugs having the genetic 

polymorphism which may result in the different pharmacokinetic profiles 

among the Korean, Chinese, Japanese, and Caucasian populations. The major 

differences found in the Korean population model compared to the Caucasian 

model were as follows; the frequency of genetic polymorphisms of CYPs 2A6, 

3A5, 2C9, 2C19, 2D6, UGTs 1A9, 2B7, 2B17, the liver density and the liver 

volume scalar. The distinct differences among the Asian populations were the 

frequency of genetic polymorphisms of CYPs 2A6, 3A5, 2C19, UGTs 1A9, 

2B7, OATP1B1, the liver density and the liver volume scalar.  

Considering the differences of simulated and observed clearances of 

midazolam, the Korean population model couldn’t fully capture the difference 

of clearance between CYP3A5 IMs and PMs, with smaller predicted difference 

than observed difference. Since % fm (fraction metabolized) of CYP3A5 was 

predicted as almost non-function in IMs and PMs, and midazolam is a substrate 

predominantly metabolized by both CYP3A4 and 3A5, this phenomenon could 

be understood better if CYP3A4/5 correlation of their activities was taken into 

consideration. Apart from that, midazolam was properly implemented as a 

negative control for little ethnic polymorphism in CYP3A4/5. 

As warfarin substrate model in SimCYP® Simulator was only provided 

with (S)-enantiomer, we predicted the concentration-time profiles of S-warfarin 



32 

with the half of the dose administered in racemate formulation. Since the 

CYP2C9 *2 allele is known to be rare (allele frequency; AF < 0.001) in Eastern 

Asians as well as CYP2C9 *3 (AF ≤ 0.01) among the three major Eastern 

Asians (Korean, Chinese, Japanese) compared to those in Europeans (*2 AF: 

0.112-0.143, *3 AF: 0.064-0.086) [48], our study results showed consistently 

distinct PK profiles of S-warfarin between Asian and Caucasian, but not among 

the Asian populations. 

Omeprazole, as a probe drug metabolized by CYP2C19, showed the 

most distinguishable PK profile and the clearance values among the four 

different populations. CYP2C19 *2 and *3 are considerable genetic variants for 

the PM phenotype, which contributes to significant differences in PK profiles 

between EMs and PMs [49]. To support that, there was the largest difference in 

CYP2C19 *2 frequency (0.018; Korean vs Japanese) reported including 

Chinese [48]. In addition, *3 frequency differs among the Eastern Asians (0.082; 

Chinese vs Japanese) indicating CYP2C19 *3 as an important factor for ethnic 

differences in CYP2C19 metabolism among Eastern Asians [48]. A study in 

Korea reported that the oral clearance of omeprazole was 9-fold higher in EMs 

than that of PMs [29], which was comparable with the similar trend of 

prediction showing approximately 6-fold higher in Korean population model. 

The observed clearance of omeprazole in Caucasian CYP2C19 EMs appears to 

be approximately 2-fold higher than that in Asian EMs. However, for the 

Japanese population, it seems to be significantly under-predicted with the ratio 

of predicted to observed clearance of 0.26. For this reason, there was a study 

result that changed the default value for the CYP2C19 abundance in the liver 
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(1 pmol/mL) in SimCYP® Simulator into the adjusted values of 4.77 and 0.511 

pmol/mL in the liver and gastrointestinal tract [50], based on the result of the 

mean abundance difference of CYP2C19 between Japanese and Caucasian [51], 

and the default values in Caucasian EMs in SimCYP® Simulator [52]. 

Therefore, with these adjusted values, better performance of prediction for 

omeprazole clearance in Japanese was observed. The fact that no study was 

available comparing the CYP2C19 abundance between Korean and Caucasian 

indicates the need for a research about the abundance of CYP2C19 in Korean. 

According to the widely known polymorphism of CYP2D6 gene, the 

frequency of PMs in European Caucasian and Eastern Asians has been reported 

to be approximately 7 to 10 % and 1 %, respectively [3, 53], which was applied 

to the default values in SimCYP® Simulator. Among Korean, Chinese, and 

Japanese populations, the frequencies of CYP2D6 *10 were reported as 0.455, 

0.526, and 0.379, respectively, indicating the contribution to IM phenotype 

associated with CYP2D6 *10 [48]. It is noticeable that the differences of 

frequencies in *10 were similarly contributable to the incorporated phenotype 

frequencies of CYP2D6 in SimCYP® Simulator among Korean, Chinese, and 

Japanese, with values of 0.351, 0.390 and 0.230, respectively. In our works, we 

could capture the slightly higher clearance values of metoprolol in Japanese 

than those in Korean and Chinese from the predicted values among general four 

ethnic populations, but couldn’t capture the differences of clearance between 

Korean and Chinese. However, when comparing the simulated and observed 

clearances of metoprolol, we could identify the higher clearance values for both 

simulation and observation in Chinese EMs/IMs than those in Korean EMs/IMs. 
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It is estimated that there still needs further research to improve the Korean 

population model on ethnic differences of PK caused by CYP2D6 

polymorphism among Asian populations, regarding metoprolol may not be a 

sufficient probe for CYP2D6 due to its low fraction metabolized by this enzyme 

and dextromethorphan can be currently the best probe for CYP2D6 [33].  

The UGT2B15 genetic polymorphism is reported to have the 

significant impact on the PK of lorazepam, with UGT2B15 *2/*2 (PM) group 

showing 40-50 % lower systemic clearance than *1/*1 (EM) group [40]. 

However, in Korean population model, we could only capture the 16 % 

decrease in GM of systemic clearance between predicted UGT2B15 EMs and 

PMs, and there was a tendency to under-predict the clearance of lorazepam. 

One of the reasons may be that SimCYP® Simulator does not reflect the fraction 

eliminated by UGT2B15, while the portion of UGT2B7 is incorporated as an 

only elimination pathway. According to a study on UGT genetic polymorphism, 

although the UGT2B7 genotype can probably affect the hepatic 

glucuronidation activity, this proportion may not clearly related to the clinical 

pharmacokinetics due to the compensation of other elimination pathways [54]. 

Therefore, it is considered to be necessary to incorporate the factors of 

UGT2B15 genetic polymorphism for lorazepam PKs which may contributes to 

the efficacy for anxiety in clinical settings [55].  

The difference in rosuvastatin PKs between Caucasian and Asian 

populations could not be fully explained by the SLCO1B1 polymorphism, but 

could be partially understood by the ABCG2 polymorphism [47]. AF of 

SLCO1B1 521T>C, which is reported to reduce plasma membrane expression 
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and transport activity of OATP1B1, is known as 0.136, 0.127 and 0.139 in 

Korean, Chinese, and Japanese, respectively, which are lower than Caucasian 

values. [48]. Reduced activity of OATP1B1 could cause a less amount of drug 

entering the hepatocytes, but also an increase of exposure [56, 57]. However, 

the frequency of OATP1B1 phenotype related to AF of SLCO1B1 521T>C has 

not been incorporated in Asian populations of the SimCYP® Simulator, which 

made a tendency to over-predict the clearance of rosuvastatin in Asians. 

Therefore, we incorporated the AF of SLCO1B1 521T>C in Korean population 

model, on that account, the ratio of predicted to observed clearance was lower 

in Korean than those of Chinese and Japanese (1.63 vs 1.90, 1.74). In addition, 

ABCG2 421C>A has been reported to a lot of polymorphisms related with 

activity, in which this variant leads to a reduced function for export and an 

increase in rosuvastatin exposure in hepatocytes, as well as in the systemic 

circulation [58-60]. The AF of 421C>A was reported as 0.284, 0.315, and 0.313 

in Korean, Chinese, and Japanese, respectively, which was approximately 3-

fold higher than that of Caucasian [48]. However, the difference of the 421C>A 

frequency between Asian and Caucasian also has not been adopted in the 

SimCYP® Simulator, which might result in overlooking the ethnic-related 

differences in rosuvastatin PKs. 

There are some limitations of this study. First of all, there is not enough 

information about Korean population, including enzyme abundance in liver, 

kidney and gastrointestinal tract, demographics, liver volume, weights and its 

correlation with BSA. Additionally, there are only few reports that compare the 

PKs of drug substrates in the same study among Korean, Chinese, Japanese, 
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and Caucasian, indicating the effect of inter-study and inter-environment 

variability that might misinterpret the results of real clinical studies. Third, 

since the SimCYP® Simulator is utilized only with the inputs of phenotypes of 

enzymes or transporters except the CYP2C9, we had to implement the 

frequency of phenotype even if the criteria for geno/phenotype conversion is 

not fully established.   

Although for the Korean population, there is still the necessity to 

improve the tendency of over/under-prediction for some model substrates and 

the need to study for the lack of information for the incorporation in SimCYP® 

Simulator, to our knowledge, this approach would be another step to evaluate 

the ethnic difference of PK variability among Asian population only, and also 

between Asian and Caucasian populations more accurately than before, with 

PBPK modeling and simulation. In conclusion, we developed a Korean 

population model for PBPK modeling based on the built-in population models 

within SimCYP® Simulator. This study indicated that an adequate Korean 

model would help understand ethnic sensitivity of a drug, and thus support the 

evidence for different dosing regimens and designs of bridging studies, and for 

gene-drug/drug-drug interaction possibilities in clinical drug development. 
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Abstract in Korean 

 

생리학 기반 약물동태 (PBPK; 

Physiologically based 

pharmacokinetic) 모델링을 위한 

한국인 인구집단 모델 개발 

 

생리학 기반 약물동태(PBPK) 모델링에 사용되는 SimCYP® Simulator 

(Certara USA, Inc., Princeton, USA)는 서양인, 일본인, 중국인과 같은 

여러 인종별 가상의 인구 집단 모델을 제공한다. 인구 집단 특이적인 생

리학적 요소들로부터 개발된 인종별 인구 집단 모델들은 약동학적으로 

인종별 감수성을 평가하고 이해하는 데 유용하게 사용된다. 그러나, 

PBPK 모델링을 수행하기 위한 현재의 SimCYP® Simulator에는 한국인 

인구 집단 모델이 개발되어 있지 않다. 따라서, 첫 번째 연구 목적은 

SimCYP® Simulator에 사용할 한국인 인구 집단 모델을 개발하는 것이

고, 두 번째는 새롭게 개발된 한국인 인구 집단 모델을 통해 주요 약물 

대사 효소와 수송체의 기질인 몇몇 기질들에 대한 예측된 약동학적 양상

들을 실제 양상과 비교하여 모델의 적절성을 검증하는 것이다. 
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세 가지 내장된 인종별 인구 지단 모델들(서양인, 일본인, 중국인)을 파

라미터 별로 비교함으로써 대부분의 인구학적, 생리학적 파라미터들이 비

슷함을 발견하였고 (2824개 중 2689, 95.2 %), 이에 우리는 이러한 비

슷한 파라미터들을 한국인 인구 집단 모델에 반영하였다. 그에 반해, 

Cytochrome P450 (CYP), UDP-glucuronosyltransferase (UGT), 

organic anion-transporting polypeptide (OATP), 간 밀도 및 부피와 

같은 유전적 변형체들의 빈도와 간 특이적 파라미터들의 인종적 감수성

이 있는 파라미터들을 문헌을 통해 한국인 특이적 값들로 조정하였고, 문

헌 값이 없는 경우 다른 인구 집단 모델들에서 값들을 차용하였다. 새롭

게 개발된 한국인 인구 집단 모델과 세 인종의 인구 집단 모델들을 활용

하여 다음의 예시 약물 기질들의 약동학적 양상을 시뮬레이션 하였다; 

midazolam (CYP3A4/5), warfarin (CYP2C9), omeprazole (CYP2C19), 

metoprolol (CYP2D6), lorazepam (UGT), rosuvastatin 

(OATP1B1/Breast cancer resistance protein (BCRP)). 

예측된 약동학적 양상은 인종간의 차이를 보였고, omeprazole이 약물 중 

가장 큰 차이를 나타내었다. 개발된 한국인 인구 집단 모델에서 예측된 

6개의 예시 약물들의 청소율의 기하학적 평균의 값들은 대부분 (90.9 %)

실제 값에 비해 0.5-1.5배 이내의 차이를 보였고, 예외적으로 

rosuvastatin은 1.63배로 과하게 예측하는 양상을 보였다. 
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결론적으로, SimCYP® Simulator에 PBPK 모델링을 수행하기 위한 적절

한 한국인 인구 집단 모델을 개발하였다. 이 연구는 이러한 적절한 한국

인 모델을 통해 약물의 인종적 감수성을 이해하고, 더 나아가 약물의 용

량/용법과 가교 시험의 디자인의 근거, 그리고 신약 개발에 있어 유전자

-약물/약물-약물 간의 상호작용 가능성에 대한 근거로서 도움이 될 수 

있을 것임을 시사한다. 

-------------------------------------- 

중심단어: 생리학 기반 약물동태 (PBPK); SimCYP® Simulator; 한국인 

인구 집단 모델 

학번: 2015-26053  
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