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1. Abstract 22 

Objective:  23 

To develop population pharmacokinetic (PopPK) and pharmacodynamics (PopPD) 24 

models of SIM0295 and explore potential covariates to inform dosing regimen. 25 

Methods:  26 

Data from four phase I studies, including healthy Korean and Chinese subjects, and 27 

two phase IIa studies, including Korean gout patients with hyperuricemia. PopPK and 28 

popPD models of SIM0295 were developed using nonlinear mixed effects modeling. 29 

Results:  30 

A total of 195 subjects and 5852 plasma concentrations of SIM0295 were included 31 

to perform the PopPK model, and 147 subjects and 3781 concentrations of serum uric 32 

acid (sUA) samples were included in the PopPK/PD study. SIM0295 pharmacokinetic 33 

was described by the two-compartment model with a four transit compartments 34 

absorption and linear elimination, in which the PK parameters were corrected with body 35 

weight via an empirical allometric model. Food and food types were identified as 36 

factors that significantly affect the absorption rate. PopPK/PD study shown that the 37 

final model was investigated using an Emax model with a semi-mechanism of inhibition 38 

of sUA reabsorption. The subject status was found significantly influence the volume 39 

of distribution of serum uric acid (VU). Compared to healthy subjects, patients have a 40 

half lower VU, 246.54L and 144.72L respectively. Monte Carlo simulations 41 

demonstrated that food and food types had no significant influence on the efficacy of 42 



SIM0295 in patients.  43 

Conclusion:  44 

The popPK/PD model quantified characterization of the dose-exposure-response 45 

relationship for SIM0295 in patient and healthy subjects. The model may be used to 46 

inform dose selection and design of subsequent studies that aim to define SIM0295 47 

safety and efficacy in patients. 48 

 49 

Keywords: population pharmacokinetics, population pharmacokinetics, 50 

nonlinear mixed effect modeling, ethnic difference 51 

  52 



2. Introduction 53 

Serum uric acid (sUA) is the final product of purine metabolism by catalyzing 54 

enzyme xanthine (XOR) oxidoreductase in the liver. It excreted approximately two-55 

thirds of produced sUA via the kidney, and the rest by the gastrointestinal tract[1]. When 56 

the urate is over high, that is >6.8 mg/dL (405 mmol/l), monosodium urate, which is a 57 

risk factor to triggering attacks of gout, may be formed by urate crystal [2,3]. The 58 

evidence indicates that urate is pro-inflammatory, and it also has a close association 59 

with multiple metabolic syndromes[4,5]. Therefore, it is essential to quantify sUA level 60 

in pathological condition at normal levels to reduce risk. Urate‐lowering therapy (ULT) 61 

has been adopted as a pharmacological treatment for gout patients with 62 

hyperuricemia[6]. In general, causes of hyperuricemia usually divided into urate 63 

“overproduction type” and “underexcretion type”[7]. Guidelines recommend that ULT 64 

agents, like febuxostat, probenecid or benzbromarone, can be achieve therapeutic goals. 65 

Nevertheless, benzbromarone had been withdraw from market in most countries due to 66 

severe liver impaired[8]. Probenecid usage was also limited because of its 67 

ineffectiveness, and significantly drug-drug interaction with nonsteroidal anti-68 

inflammatory drugs and penicillin[9,10]. Fibrostat is a xanthine oxidase inhibitor (XOI) 69 

with inhibiting sUA production, which has only little effect on patients with sUA 70 

excretion disorder. In addition, it also has serious cardiovascular harms on patients[11]. 71 

Therefore, a novel, safer, more efficient drug for promoting sUA excretion is required 72 

in clinic. 73 

SIM0295 is a novel and potent inhibitor of human uric acid transporter 1 (hURAT1), 74 
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which is currently under clinical development to treat gout patients with hyperuricemia. 75 

hURAT1 reabsorbs filtered sUA from the renal lumen[12]. SIM0295 increases sUA 76 

excretion by inhibiting hURAT1. Clinical studies have shown that SIM0295 can 77 

significantly reduce sUA and increase uric acid excretion fraction (𝑓𝑓𝑒𝑒)[13]. Compared 78 

to benzbromarone, SIM0295 has a lower risk of liver injury. It has conducted two phase 79 

I clinical studies and two phase IIa clinical studies in Korea and two phase I clinical 80 

studies in China. 81 

SIM0295 is completely absorbed (~100%). Non-compartmental analysis (NCA) 82 

indicated that food can significantly influence the time to reach the peak (𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚), which 83 

1.25h (fasted) vs. 2.5h (fed) for Chinese and 1.28h(fasted) vs. 3.21h (fed) for Korean. 84 

While its protein binding rate is high (>95.4%), and the volume of distribution is similar 85 

between Chinese and Korean, 23.2 L and 26.8 L respectively. SIM0295 is excreted in 86 

the urine by glucoside acidification or sulfation. The results of non-compartment 87 

analysis (NCA) shown that Chinese and Korean have similar clearance (CL) and the 88 

half-time (𝑡𝑡1/2), 2.37 L/h, 2.77 L/h for CL and 6.78h, 6.76h for 𝑡𝑡1/2 respectively. In 89 

addition, 𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚  and area under the concentration-time curve (AUC) increased 90 

proportionally with dose from 1 mg to 30 mg representing PK linear manner of 91 

SIM0295 over the dose range.  92 

In this study, we developed population pharmacokinetic (PK) and 93 

pharmacodynamics (PD) models of SIM0295 to quantitatively investigate potential 94 

covariates on the PK/PD profiles in healthy subjects and gout patients with 95 

hyperuricemia.  96 



3. Methods 97 

3.1 Study design 98 

Total 195 subjects with healthy subjects and patients from six studies to perform 99 

popPK/PD models. Two phase I clinical trials (URC001KR and URC004KR) in Korea 100 

healthy subjects, two phase I clinical trials (URAT1-101 and URAT1-102) in Chinese 101 

healthy subjects, and two phase IIa clinical trials (URC102KR and URC103KR) in 102 

Korea patients with hyperuricemia.   103 

Study URC001KR and URC004KR were phase I, randomized, double-blind, 104 

placebo-control, single and multiple dose escalation study. Fifty-seven healthy male 105 

adult Korean subjects were orally administrated with 1 mg to 30 mg SIM0295. Study 106 

URC102KR and URC103KR were all multi-center, randomized, double-blind, 107 

placebo-control, multiple dose escalation, and parallel group comparison studies. Fifty 108 

Korean male patients with gout aged 22–69 years were assigned to oral 3mg to 10mg 109 

SIM0295. Study URAT1-101 and Study URAT1-102 were phase I, single-center, 110 

randomized, placebo-control study. Eighty-eight healthy Chinese subjects aged 18–52 111 

years were assigned to oral 3mg to 9mg SIM0295. Intensive samples with SIM0295 112 

concentrations from all studies were collected for PK. Serial blood samples with sUA 113 

within 504 h after dose were collected, excluding URAT1-102, for PD analysis. The 114 

detailed study design was demonstrated in the Table 1. 115 

The level of SIM0295 from the six studies was tested by liquid chromatography-116 

tandem mass spectrometry (LC-MS/MS). The lower limit of quantification (LLOQ) for 117 



SIM0295 in human plasma was 1.0 ng/ml. The detection of sUA concentrations was 118 

followed the principle of Beer-Lambert Law with uric acid enzyme method. 119 

These studies were conducted complying with accepted standards for the protection 120 

of subject safety and welfare, the principles of the Declaration of Helsinki, and Good 121 

Clinical Practice. The study protocols were approved by the institutional review board 122 

of the institute, and participant were provided with informed consent before enrollment. 123 

3.2 Population pharmacokinetics and pharmacodynamics modelling 124 

PopPK/PD models of SIM0295 from the pooled data were developed using the 125 

nonlinear mixed effects modeling software (NONMEM, version 7.5, ICON plc, Ellicott 126 

City, MD, United States). The first-order conditional estimation with interaction 127 

(FOCE-I) was used to estimate models. The popPK/PD modelling developed using a 128 

sequential method. After the PopPK model was established, the empirical Bayes 129 

estimates could be used to calculate individual PK parameters, and then incorporate 130 

into PD modeling. The data were statistically analyzed using R (version 3.6.1). 131 

3.2.1 Population pharmacokinetics modelling 132 

3.2.1.1 Base model 133 

One-, two-, and three-compartment models with linear elimination were compared 134 

by synthesizing objective function value (OFV), Akaike information criterion 135 

(AIC)[14], diagnostic plots, and parameter stability. Moreover, SIM0295 has the 136 

delayed absorption by visual inspection. We investigated first order absorption, first 137 



order absorption with the lag time, and the transit-compartment absorption model as 138 

candidate models. 139 𝑘𝑘𝑡𝑡𝑡𝑡 =
𝑁𝑁+1𝑀𝑀𝑀𝑀𝑀𝑀                                                      Eq. 1 140 

where 𝑘𝑘𝑡𝑡𝑡𝑡 is absorption rate constant in progressive absorption compartments, N is 141 

the number of transit compartments, and MTT is the mean transit time. 142 

Weight (WT) was chosen to use a priori allometric scaling model to describe the PK 143 

characters of SIM0295. The function was described as in Eq. 3: 144 𝑃𝑃𝑖𝑖 = 𝜃𝜃1 ∗ (
𝑤𝑤𝑒𝑒𝑖𝑖𝑤𝑤ℎ𝑡𝑡𝑖𝑖70 )𝑚𝑚                                              Eq. 3 145 

in which 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡𝑖𝑖 is the WT of the i th subject, m is the exponent, with values fixed 146 

to 0.75 for CL and 1 for volume. 147 

Exponential models were used to describe inter-individual variability (IIV), the 148 

function was described as in Eq. 2: 149 𝑃𝑃𝑖𝑖 = 𝑃𝑃� × exp (𝜂𝜂𝑃𝑃𝑖𝑖)                                               Eq. 2 150 

where 𝑃𝑃𝑖𝑖 represents the parameter value of the i th subject, 𝑃𝑃� is the typical value of 151 

the parameter in the population, and 𝜂𝜂𝑃𝑃𝑖𝑖 is the IIV of population parameters of the i th 152 

subject, and it is assumed to be normally distributed with mean 0 and variance ω2. 153 

For residual unexplained variability (RUV), we test proportional, additive, and mixed 154 

residual error models to fit data, respectively. 155 

3.2.1.2 Covariate model 156 

We investigated demographic characters [age, sex, height, race], co-administration 157 

(colchicine), food (fed or fast), laboratory tests [Albumin, Total protein, Alanine 158 



aminotransferase, Alkaline phosphatase, Aspartate aminotransferase, Lactate 159 

dehydrogenase, Glutamyl transferase, Total bilirubin, Direct Bilirubin, Serum 160 

creatinine (SCR), Creatinine clearance, Glomerular Filtration Rate (GFR), 𝑓𝑓𝑒𝑒], subject 161 

status (healthy subjects or patients) and food type (food1 or food2) as investigated 162 

covariates. SCR was calculated by the Cockcroft-Gault equation[15], and CKD-EPI 163 

equation[16] was used for GFR calculating. 164 

Firstly, according to the NCA result, the covariate that had a significant effect on PK 165 

parameters could be added directly to the popPK model. Secondly, we tested the 166 

relationships between the post hoc Bayesian estimates and covariates by statistically to 167 

identify potential covariates. Then, using a stepwise forward inclusion and a backward 168 

elimination procedure to test these included covariates. If OFV was decreased by >3.84 169 

(χ2 test, P<0.05) in the forward inclusion procedure, the covariates would be considered 170 

significantly, and if the OFV decreased by >6.63 (χ2 test, P<0.01) in the backward 171 

process, the covariates would be included the model. Finally, we should also evaluate 172 

whether these included covariates have a clinical significance, that is, included 173 

covariates have a more than 20% effect on parameters. 174 

Continuous covariates were incorporated in the model using a power function. 175 𝑃𝑃𝑖𝑖 = 𝜃𝜃1 × � 𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝐶𝐶𝐶𝐶𝐶𝐶𝑚𝑚�𝜃𝜃2                                               Eq. 4 176 

in which, 𝜃𝜃1  is the typical value of population parameters, and 𝜃𝜃2  represents the 177 

influence index of covariates on the parameters. 𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖 is the covariates value of the i 178 

th subject, and 𝐶𝐶𝐶𝐶𝐶𝐶𝑚𝑚 is the median value of covariate. 179 

Categorical covariates, such as food and food types, were incorporated using a power, 180 



and proportional model (Eq. 4-5): 181 𝑃𝑃𝑖𝑖 = 𝜃𝜃𝑀𝑀𝑇𝑇 × 𝜃𝜃𝑐𝑐𝐶𝐶𝐶𝐶𝐹𝐹𝑚𝑚𝑐𝑐𝑡𝑡𝐶𝐶𝑡𝑡                                             Eq. 5 182 𝑃𝑃𝑖𝑖 = �𝜃𝜃1, 𝑤𝑤𝑓𝑓 𝑓𝑓𝑓𝑓𝑓𝑓𝑡𝑡𝑤𝑤𝑓𝑓𝜃𝜃2, 𝑤𝑤𝑓𝑓  𝑓𝑓𝑤𝑤𝑓𝑓                                               Eq. 6 183 

where, in both the models, 𝑃𝑃𝑖𝑖 represents the parameter value of the i th subject. 𝜃𝜃𝑀𝑀𝑇𝑇, 184 𝜃𝜃1 , and 𝜃𝜃2  are the typical value of population parameters. Take food types as an 185 

example, "𝐹𝐹𝑓𝑓𝐹𝐹𝑡𝑡𝐶𝐶𝐹𝐹" is an indicator for judging the food types of a subject, and its value 186 

is 1 for Korean food, 3 for Chinese food. 187 

3.2.2 Population pharmacodynamics modelling 188 

3.2.2.1 Base model 189 

The modeling data from 5 studies (URC001KR, URC004KR, URC102KR, 190 

URC103KR, URAT1-101) were pooled for popPD analysis. Aksenov et al.[17] 191 

reported a semi-mechanistic, dynamical model of sUA disposition in human. Based on 192 

it, we explored the mechanism of sUA homeostasis, and the inhibitory effect of 193 

SIM0295 on partial reabsorption in the proximal tubule to construct a popPD model. 194 

This model was performed on the following assumptions, and corresponding 195 

differential equations were listed as below: 196 

Before administration, the amount of urate production (𝐴𝐴𝑖𝑖𝑖𝑖) is a constant value identical 197 

to the sum (𝐴𝐴𝐶𝐶𝑜𝑜𝑡𝑡) of the renal (𝐴𝐴𝑅𝑅) and non‐renal (𝐴𝐴𝑁𝑁𝑅𝑅) urate excretion. 198 𝐴𝐴𝑖𝑖𝑖𝑖 = 𝐴𝐴𝐶𝐶𝑜𝑜𝑡𝑡                                                  Eq. 7 199 𝐴𝐴𝐶𝐶𝑜𝑜𝑡𝑡 = 𝐴𝐴𝑅𝑅 + 𝐴𝐴𝑁𝑁𝑅𝑅                                             Eq. 8 200 

The ratio of the renal (𝐴𝐴𝑅𝑅) to non‐renal (𝐴𝐴𝑁𝑁𝑅𝑅) urate excretion is 2:1 c, that is, before the 201 



administration of SIM0295. 202 𝐴𝐴𝑁𝑁𝑅𝑅 =
12𝐴𝐴𝑅𝑅                                                  Eq. 9 203 

SIM0295 affects only renal clearance (𝐶𝐶𝐶𝐶𝑅𝑅) and does not affect non‐renal clearance of 204 

urate (𝐶𝐶𝐶𝐶𝑁𝑁𝑅𝑅). 205 

The distribution volume of sUA (𝑉𝑉𝑈𝑈) and glomerular filtration rate (GFR) are all not 206 

affected by SIM0295. 207 

According to the mechanism of glomerular reabsorption of sUA, we assumed that 208 

SIM0295 could affect 𝑓𝑓𝑒𝑒 instead of reabsorption to reduce sUA concentration due to 209 

lack of data on urinary excretion amount of urate. The effect of SIM0295 on 𝐶𝐶𝐶𝐶𝑅𝑅 was 210 

estimated as shown: 211 

 𝐶𝐶𝐶𝐶𝑅𝑅 = 𝐺𝐺𝐹𝐹𝐺𝐺 × 𝑓𝑓𝑒𝑒                                              Eq. 10 212 

The amount of renal urate excretion can be expressed by 𝐶𝐶𝐶𝐶𝑅𝑅  and baseline sUA 213 

concentration (𝐶𝐶𝑏𝑏𝑚𝑚𝑏𝑏𝑒𝑒) as shown in equation (11): 214 𝐴𝐴𝑅𝑅 = 𝐶𝐶𝐶𝐶𝑅𝑅 × 𝐶𝐶𝑏𝑏𝑚𝑚𝑏𝑏𝑒𝑒                                           Eq. 11 215 

The baseline amount of sUA (𝐴𝐴𝑝𝑝𝐶𝐶𝐶𝐶𝑝𝑝) can be expressed by 𝐶𝐶𝑏𝑏𝑚𝑚𝑏𝑏𝑒𝑒 and 𝑉𝑉𝑈𝑈 as shown 216 

in equation (12): 217 𝐴𝐴𝑝𝑝𝐶𝐶𝐶𝐶𝑝𝑝 = 𝐶𝐶𝑏𝑏𝑚𝑚𝑏𝑏𝑒𝑒 × 𝑉𝑉𝑈𝑈                                          Eq. 12 218 

According to equation (7~11) and the assumptions that 𝐴𝐴𝑖𝑖𝑖𝑖 and 𝐶𝐶𝐶𝐶𝑁𝑁𝑅𝑅 is a constant 219 

value, it can be inferred that: 220 𝐶𝐶𝐶𝐶𝑁𝑁𝑅𝑅 × 𝑉𝑉𝑈𝑈 =
12 × 𝐶𝐶𝐶𝐶𝑅𝑅 × 𝑉𝑉𝑈𝑈                                   Eq. 13 221 𝐶𝐶𝐶𝐶𝑁𝑁𝑅𝑅 =

12 × 𝐺𝐺𝐹𝐹𝐺𝐺 × 𝑓𝑓𝑒𝑒,𝑏𝑏𝑚𝑚𝑏𝑏𝑒𝑒                                     Eq. 14 222 𝐴𝐴𝑖𝑖𝑖𝑖 =
32𝐺𝐺𝐹𝐹𝐺𝐺 × 𝑓𝑓𝑒𝑒,𝑏𝑏𝑚𝑚𝑏𝑏𝑒𝑒 × 𝐶𝐶𝑏𝑏𝑚𝑚𝑏𝑏𝑒𝑒                                  Eq. 15 223 



𝑓𝑓𝑒𝑒,𝑏𝑏𝑚𝑚𝑏𝑏𝑒𝑒 is the baseline of 𝑓𝑓𝑒𝑒. 224 

Exponential models were used to describe IIV, the function was described as in Eq. 225 

16: 226 𝑃𝑃𝑖𝑖 = 𝑃𝑃� × exp (𝜂𝜂𝑃𝑃𝑖𝑖)                                              Eq. 16 227 

where 𝑃𝑃𝑖𝑖 represents the parameter value of the i th subject, 𝑃𝑃� is the typical value 228 

of the parameter in the population, and 𝜂𝜂𝑃𝑃𝑖𝑖 is the IIV of population parameters of the 229 

i th subject, and it is assumed to be normally distributed with mean 0 and variance ω2. 230 

For RUV, we test proportional, additive, and mixed residual error models to fit data, 231 

respectively. 232 

3.2.2.2 Covariate model 233 

The impact of covariates on the PD effects of SIM0295 will be investigated after the 234 

base structural model is established. Covariates are generally selected based on clinical 235 

significance, drug mechanism and statistical tests. Covariates that may influence the 236 

PD parameters may be initially selected by diagnostic plots. Then the influence of each 237 

covariate on the model was assessed using the forward inclusion method and the 238 

backward elimination method in the same way as the counterpart of PopPK analysis. 239 

3.2.3 Model evaluation 240 

The goodness-of-fit (GOF) of the final model were plotted. The systematic bias of 241 

the model fitting was evaluated by observing whether the scatter diagram was 242 

symmetrically distributed.  243 

The method of visual predictive check (VPC) was selected for model validation, and 244 



1000 simulations were performed using the PK parameters of the final model. 50th of 245 

the observed curves basically coincided with 50th of the predicted curves, and most of 246 

the measured points were distributed in the range of 5th and 95th of the predicted curves 247 

and showed a uniform distribution around the mean value indicating that the model was 248 

ideal.  249 

3.3 Model informed dosing regimen 250 

Based on the popPK/PD model analysis, we used Monte Carlo simulation to explore 251 

whether the factors affecting the PK and PD of SIM0295 would have a significant 252 

impact on the clinical efficacy. To provide evidence for clinical trial design and clinical 253 

application. 254 

Performed popPK/PD model was used to predict sUA concentration-time curve 255 

within one week after administration. The demographic characteristics of the virtual 256 

subjects are determined based on the median of the phase IIa clinical trials in South 257 

Korea. Every virtual subject conduct 1000 simulations. Under the same dose (set as 258 

6mg), single factor analysis will be conducted to determine whether the significant 259 

factors will affect the clinical effect. 260 

4. Result: 261 

4.1 Demographics 262 

We included 195 subjects and 5852 plasma concentrations of SIM0295 to perform 263 

the PopPK model, and 147 subjects and 3781 concentrations of sUA samples were 264 



included in the popPK/PD study. Subjects included 74.4% healthy subjects and 25.6% 265 

patients, with 54.9% Korea, and 45.1% Chinese. The WT of Chinese subjects was about 266 

17% lower than Korean subjects. The age of gout patients was older than healthy 267 

subjects. And the baseline sUA value of gout patients were about 15% higher than 268 

healthy subjects. The specific demographics and other covariates information of the 269 

included studies are summarized in Table 2. 270 

4.2 Population pharmacokinetics and pharmacodynamics modelling 271 

4.2.1 Population pharmacokinetics modelling 272 

4.2.1.1 Base model 273 

The two-compartment model with a four transit compartments absorption and first-274 

order elimination fitted the PK behavior of SIM0295 best, in which the PK parameters 275 

were corrected with WT with allometric scaling. The structural popPK model diagram 276 

is shown in Fig. 1A. Proportional model was more appropriated to describe the RUV. 277 

In addition, IIV was identified on all parameters except for 𝑄𝑄2and 𝑄𝑄3, and covariance 278 

block among IIV of CL, 𝑉𝑉𝐶𝐶, and 𝑉𝑉𝑃𝑃 were identified. 279 

4.2.1.2 Covariate model 280 

  NCA results demonstrated subjects with food have a longer tmax than fasted 281 

subjects (China: 2.4 vs. 1.25h, Korea: 3.21 vs. 1.28h). It concluded that food was a 282 

significantly effect on absorption rate of SIM0295. Therefore, a proportional model was 283 

used to successfully identify food on the ka and MTT. Other covariates included this 284 



study were firstly selected by diagnostic figure which has a significant correlation 285 

(P<0.01, R2>0.4) between covariates and IIV of all parameters with t test. These were 286 

then included into the population PK model for a quantitative analysis by stepwise 287 

methods. The details of covariant screening process are demonstrated in 288 

Supplementary Table S1. 289 

Food types was selected as a significant factor to affect the 𝑉𝑉𝑃𝑃, ka (fed), and MTT 290 

(fed), as it results in an OFV decrease more than 6.68 (P<0.01). However, the influence 291 

coefficient of food types on 𝑉𝑉𝑃𝑃 was only 7.8%, and it has no clinical significance to 292 

adjust administration. In addition, race did not significantly affect the PK of SIM0295. 293 

Parameter estimates for the final popPK model are shown in Table 3. Final popPK 294 

model equations were shown below (Eq. 16): 295 

CL = 2.72 × �WT70 �0.75
× eηCL; 296 

Vc = 18.4 × �WT70 � × eηVC; 297 

Q = 0.845 × �WT70 �0.75
; 298 

Vp = 5.29 × �WT70 � × eηVP; 299 

Ka  = 4.23 × eηKA(if fasted);                                      Eq. 17 300 

MTT = 0.341 × eηMTT(if fasted); 301 

Ka  = 0.764 × 1.21food type × eηKA (if fed, Korean food=1, Chinese food=3); 302 

MTT = 1.49 × 0.649food type × eηMTT (if fed, Korean food=1, Chinese food=3); 303 

Ktr =
5MTT. 304 



4.2.1.3 Model evaluation 305 

The diagnostic plots of the final model were plotted in Fig. 2A. The result shown that 306 

the reference line and the trend line basically coincide, suggesting a good correlation 307 

between the individual predictions of the model, the population predictions, and the 308 

observations, and the fit of the model to the observed data is appropriate. 309 

VPC was used to evaluate the model prediction performance. 1000 Monte Carlo 310 

simulations were performed based on the final model, with the time of first drug 311 

administration as the independent variable, as detailed in Fig. 3A. The solid blue line 312 

of 5th, 50th, 95th measured value fitted well with the dashed red line of 5th, 50th, 95th 313 

predicted value, the variation estimation was reasonable. The results showed that the 314 

established popPK model could better describe the PK characteristics of SIM0295. 315 

4.2.2 Population pharmacokinetic and pharmacodynamics modelling 316 

4.2.2.1 Base model 317 

Individual empirical Bayesian estimates of PK parameters were used to describe the 318 

drug concentration-effect relationship by a sequential PopPK-PD modeling approach. 319 

The base model was investigated using an 𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚 model with a simplify mechanism of 320 

inhibition of sUA reabsorption (Fig. 1B). Baseline sUA concentration (𝐶𝐶𝑏𝑏𝑚𝑚𝑏𝑏𝑒𝑒) and 𝑓𝑓𝑒𝑒 321 

were measured pre-dose (-0.5h). SIM0295 affects 𝑓𝑓𝑒𝑒 to show "S" curve change using 322 𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚 model (Eq 18). 323 𝑓𝑓𝑒𝑒 = 𝑓𝑓𝑒𝑒,𝑏𝑏𝑚𝑚𝑏𝑏𝑒𝑒 × (
1+𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚𝛾𝛾∗𝑐𝑐𝛾𝛾𝑐𝑐𝛾𝛾+𝐸𝐸𝐶𝐶50𝛾𝛾 )                                        Eq. 18 324 𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚  and 𝐸𝐸𝐶𝐶50  represent the maximum effect of SIM0295 on 𝑓𝑓𝑒𝑒  and the plasma 325 



concentration of SIM0295 which achieves the half‐maximum effect respectively.  326 

The differential equation is used to express the change of instantaneous total amount 327 

of sUA after administration of SIM0295 (taking medicine): 328 𝐴𝐴𝑆𝑆𝑈𝑈𝑆𝑆 = 𝐴𝐴𝑖𝑖𝑖𝑖 + 𝐴𝐴𝑝𝑝𝐶𝐶𝐶𝐶𝑝𝑝 − 𝐴𝐴𝑁𝑁𝑅𝑅 − 𝑓𝑓𝑒𝑒 × 𝐺𝐺𝐹𝐹𝐺𝐺 × 𝐴𝐴𝑅𝑅                           Eq. 19 329 𝐴𝐴𝑆𝑆𝑈𝑈𝑆𝑆  represent the instantaneous total amount of sUA in the body. Under the 330 

assumptions, we use a series equation to express amount of intake (𝐴𝐴𝑖𝑖𝑖𝑖 ), non-renal 331 

excretion (𝐴𝐴𝑁𝑁𝑅𝑅, 𝐶𝐶𝐶𝐶𝑁𝑁𝑅𝑅), renal excretion (𝐴𝐴𝑅𝑅, 𝐶𝐶𝐶𝐶𝑅𝑅), 𝑓𝑓𝑒𝑒 and baseline data of sUA (𝐴𝐴𝑝𝑝𝐶𝐶𝐶𝐶𝑝𝑝, 332 𝑓𝑓𝑒𝑒,𝑏𝑏𝑚𝑚𝑏𝑏𝑒𝑒, 𝐶𝐶𝑏𝑏𝑚𝑚𝑏𝑏𝑒𝑒) as shown in equation (7~15, 18). After merging with the parameters of 333 

equation19, it can get: 334 𝐴𝐴𝑆𝑆𝑈𝑈𝑆𝑆 =
32𝐺𝐺𝐹𝐹𝐺𝐺 × 𝑓𝑓𝑒𝑒,𝑏𝑏𝑚𝑚𝑏𝑏𝑒𝑒 × 𝐶𝐶𝑏𝑏𝑚𝑚𝑏𝑏𝑒𝑒 + 𝐶𝐶𝑏𝑏𝑚𝑚𝑏𝑏𝑒𝑒 × 𝑉𝑉𝑈𝑈 − 12𝐺𝐺𝐹𝐹𝐺𝐺 × 𝑓𝑓𝑒𝑒,𝑏𝑏𝑚𝑚𝑏𝑏𝑒𝑒 × 𝐶𝐶𝑏𝑏𝑚𝑚𝑏𝑏𝑒𝑒 − 𝑓𝑓𝑒𝑒,𝑏𝑏𝑚𝑚𝑏𝑏𝑒𝑒 ×335 

(
1+𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚𝛾𝛾∗𝑐𝑐𝛾𝛾𝑐𝑐𝛾𝛾+𝐸𝐸𝐶𝐶50𝛾𝛾 ) × 𝐺𝐺𝐹𝐹𝐺𝐺 × 𝐶𝐶𝐶𝐶𝑅𝑅 × 𝐶𝐶𝑏𝑏𝑚𝑚𝑏𝑏𝑒𝑒                                   Eq. 20 336 

4.2.2.2 Covariate model 337 

The processes of covariant screening are demonstrated in Supplementary Table S2. 338 

Food was selected as a significant factor affect the 𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚, 𝑉𝑉𝑈𝑈, and HILL, as it results 339 

in an OFV decrease more than 6.68 (P<0.01). However, the change rate of sUA 340 

concentration was no more than 10% when food on 𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚, 𝑉𝑉𝑈𝑈, and HILL parameters. 341 

Hence, it has no clinical significance to adjust administration. In addition, subject status 342 

has significant clinical effect on 𝑉𝑉𝑈𝑈. Compared to healthy subjects, gout patients with 343 

hyperuricemia have lower 0.587 times (246.54dL.vs. 144.72dL). Parameter estimates 344 

for the final population PD model are shown in Table 4. 345 



4.2.2.3 Model evaluation 346 

The GOF plots were shown in Fig. 2B for the popPK/PD final model. As shown in 347 

Fig. 2B, the reference lines basically coincide with the trend lines, and not obviously 348 

trend for condition weighted residuals plotted against population prediction and time, 349 

indicating implemented model was appropriate to fit the data. 350 

The VPC plots were described as Fig. 3B for popPK/PD model that the observations 351 

with blue solid lines were largely in accordance with the red dotted lines of predictions. 352 

These illustrated the popPK/PD model have a good predictability and stability for 353 

performing the PD characters of SIM0295. 354 

4.3 simulation 355 

The results of popPK model have shown that food and food types can significantly 356 

affect the absorption rate of SIM0295. Therefore, we analyzed food and food type as 357 

single variables respectively to simulate the sUA concentration-time curve and 358 

calculated the change rate of sUA. Guideline for the management of gout recommend 359 

that SUA level should be lowered sufficiently to improve the signs and symptoms, that 360 

is, <6 mg/mL as a minimum target. 361 

Administration SIM0295 for one week, we simulated the distribution of sUA 362 

concentration with time stratified by food and food type respectively, as shown in figure 363 

4A and 4B. The change rate of sUA was all no more than 5%. It can be inferred that 364 

food and food type have little influence on clinical effect. 365 
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5. Discussion 366 

This study investigated popPK/PD characters of SIM0295, a novel and potent 367 

inhibitor of hURAT1, in Korea healthy subjects, Korea gout patients with 368 

hyperuricemia, and Chinese healthy subjects. A popPK model and a popPK/PD model 369 

were established to investigate potential covariates. 370 

The absorption of SIM0295 don’t follow first-order kinetics. We developed transit 371 

model for its approximates physiological processes[18], to accurately describe delayed 372 

absorption profiles. Compared to the lag model, which cannot allow estimation of IIV 373 

on 𝑡𝑡𝑝𝑝𝑚𝑚𝑤𝑤, this approach is a more potent alternative, especially when IIV in the ka and 374 

MTT is high[18].  375 

There were no obvious differences in the PK of SIM0295 between South Korean and 376 

Chinese. However, we found that PK profiles of subjects with different trials in the diet 377 

had a significance difference, while no significant effect was found in fasted state, 378 

which may be due to inconsistent dietary habit between China and Korea. 379 

Physiologically, food types, like saccharides and fluid, can result in different rate of 380 

gastric emptying rate[19], which can lead to absorption differences. Therefore, the trials 381 

significant effect on ka and MTT in the diet is due to food differences between the trials 382 

in China and Korea. In addition, IIV of absorption parameters also has a large difference 383 

between feeding subjects and fasting subjects. Therefore, IF-THEN code was used to 384 

show these discrepancies in the control file. However, there is high IIV in ka and MTT 385 

which cannot be explained by known factors. We should further study to explore 386 

potential covariates that affect absorption parameters. 387 
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To provide insight into SIM0295 treatment of gout patients with hyperuricemia, we 388 

developed a simplify semi-mechanistic dynamical model of sUA disposition. The 389 

instantaneous change of total sUA after dosing is expressed in equation (20~21). The 390 

amount of sUA excreted by non-renal and produced are assumed as a constant; therefore, 391 

the total sUA in blood only varies with CLR. The EC50 of SIM0295 in human was 392 

estimated as 165 ng/mL. Emax, another PD parameter of SIM0295, was 10.5. In 393 

patients with normal renal function, we can use it developed popPK/PD model to 394 

predict sUA level and dosing. However, gout patients with hyperuricemia always have 395 

multiple diseases in clinical, including renal insufficiency[20]. Patients with lower GFR 396 

would lead to a lower urinary urate excretion and a higher sUA level. In equation (20), 397 

we include GFR as a PD parameter to express CLR. Therefore, this popPK/PD model 398 

may be also used to predict sUA level and optimize individualized therapy in patients 399 

with renal dysfunction. 400 

In addition, sUA overproduction also results in gout for excess purine consumption 401 

or purine metabolic disturbance[3]. Although established the popPK/PD model is 402 

specially for patients with hypouricemia with under‐excretion to guide optimal dose, 403 

this model also included Ain as a PD parameter. In theory, we can predict the sUA level 404 

of patients with gout hyperuricemia treated with uricosuric agent combined with XOI 405 

by modifying Ain formula. Further studies should explore a more complete PD model 406 

to predict sUA level in drug combinations with mechanism differently in clinical. 407 

We assumed VU as a constant before preformed a popPK/PD model. Results shown 408 

that subject status could affect VU significantly. VU was estimated as 246.54 dL for 409 

javascript:;
javascript:;
javascript:;


healthy subjects, and 144.72 dL for patients from the data of this study. However, this 410 

result is inconsistent with PPK previous studies. Previous PPK studies did not identify 411 

a large variance in VU between healthy subjects and patients. Aksenov et al.[17] 412 

reported VU estimation of lesinurad was 19 L regardless of subject status. Moreover, 413 

Ziółko et al.[21] shown that the range 14-27 L estimated in six patients with severe 414 

renal dysfunction on dialysis with one-compartment model. So far, it is no convincing 415 

evidence to explain this discrepancy, and further study needs to explore it. 416 

Several limitations are exited in this study. The PK and PD profiles of SIM0295 was 417 

invested in healthy and gout patients from Korea and healthy subjects from China, 418 

which limits their extrapolation to special populations, such as 419 

patients with renal insufficiency. In addition, as a drug to treat gout, it needs long-term 420 

treatment, but there is a lack of long-term treatment data. Further studies including 421 

special populations and long-term treatment data are needed to inform clinical dosing 422 

strategy. 423 

6. Conclusion  424 

In conclusion, the population PK and PD models have been performed for SIM0295 425 

in healthy subjects and gout patients with hyperuricemia. The Emax model with sUA 426 

reabsorption inhibition mechanism fitted the PD behavior of SIM0295 well, and the 427 

absorption of SIM0295 showed a progressive absorption characteristic in both healthy 428 

volunteers and patients, with no significant effect of race on popPK/PD. Although the 429 

food and food types are identified as important factors on absorption rate of SIM0295, 430 



they provided similar sUA concentration distributions. 431 

  432 
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Figures

Figure 1

Legend not included with this version.

Figure 2

Legend not included with this version.



Figure 3

Legend not included with this version.
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