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The high variability and unpredictability of the plasma concentration of voriconazole (VRC) pose a major challenge for clinical administration. The aim of this study was to develop a population pharmacokinetics (PPK) model of VRC and identify the factors influencing VRC PPK in patients with talaromycosis. Medical records and VRC medication history of patients with talaromycosis who were treated with VRC as initial therapy were collected. A total of 233 blood samples from 69 patients were included in the study. A PPK model was developed using the nonlinear mixed-effects models (NONMEM). Monte Carlo simulation was applied to optimize the initial dosage regimens with a therapeutic range of 1.0–5.5 mg/L as the target plasma trough concentration. A one-compartment model with first-order absorption and elimination adequately described the data. The typical voriconazole clearance was 4.34 L/h, the volume of distribution was 97.4 L, the absorption rate constant was set at 1.1 h-1, and the bioavailability was 95.1%. Clearance was found to be significantly associated with C-reactive protein (CRP). CYP2C19 polymorphisms had no effect on voriconazole pharmacokinetic parameters. ‏Monte Carlo simulation based on CRP levels showed that a loading dose of 250 mg/12 h and a maintenance dose of 100 mg/12 h are recommended for patients with CRP ≤ 96 mg/L, whereas a loading dose of 200 mg/12 h and a maintenance dose of 75 mg/12 h are recommended for patients with CRP > 96 mg/L. The average probability of target attainment of the optimal dosage regimen in CRP ≤ 96 mg/L and CRP > 96 mg/L groups were 61.3% and 13.6% higher than with empirical medication, and the proportion of Cmin > 5.5 mg/L decreased by 28.9%. In conclusion, the VRC PPK model for talaromycosis patients shows good robustness and predictive performance, which can provide a reference for the clinical individualization of VRC. Adjusting initial dosage regimens based on CRP may promote the rational use of VRC.
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INTRODUCTION
Talaromycosis is a fatal deep fungal infection caused by the biphasic fungus Talaromyces marneffei (T. marneffei), which is prevalent mainly in Southeast Asia and southern China (Vanittanakom et al., 2006; Hu et al., 2013). The disease was previously considered specific to individuals with HIV/AIDS; however, the number of non-HIV-related T. marneffei infections is rapidly increasing annually (Chan et al., 2016). In endemic areas, approximately 50,000 HIV-positive patients are newly infected with T. marneffei each year which results in up to 5,000 deaths annually (Hu et al., 2013; Ning et al., 2018). The mortality rate of talaromycosis can be as high as 91% with inadequate treatment, and antifungal therapy is the mainstay of treatment for this infection (Armstrong-James et al., 2014; Chan et al., 2016; Le et al., 2017; Jiang et al., 2019).
Voriconazole is a second-generation triazole with broad-spectrum antifungal activity recommended in international guideline for the treatment of talaromycosis (Panel on Antiretroviral Guidelines for Adults and Adolescents, 2019). Our previous retrospective studies showed that the clinical efficacy of VRC was similar to amphotericin B, and the incidence of adverse reactions was lower (Ouyang et al., 2017; Huang et al., 2021). However, the widely variation among VRC plasma concentrations were found during routine therapeutic drug monitoring (TDM) in these patients. Voriconazole exhibits nonlinear pharmacokinetic characteristics in adults with a large inter- and intra-patient variability of plasma concentrations (Hope, 2012; You et al., 2018). Those variants can partly be explained by age, body weight, CYP2C19 gene polymorphism, drug-drug interactions, liver diseases, and inflammation (Owusu Obeng et al., 2014; Veringa et al., 2017; Zhou et al., 2020). A large number of studies have indicated that the clinical efficacy and drug-related adverse reactions of VRC are closely related to its plasma concentrations (Miyakis et al., 2010; Troke et al., 2011; Dolton and McLachlan, 2014). In addition, the VRC target plasma trough concentration (Cmin) for patients with talaromycosis was reported to be >1 mg/L to ensure sufficient effect (2020), and supratherapeutic threshold of 6.0 mg/L was most predictive of toxicity (Luong et al., 2016). Voriconazole has a narrow therapeutic window, therefore, standardized dosage regimens are insufficient to achieve the targeted therapeutic exposure in different clinical settings (Chen et al., 2019). Although TDM can effectively improve VRC medication, however, unexpected adverse reactions and deviations from the therapeutic range may occur at baseline before TDM (Pascual et al., 2008; Park et al., 2012; Kim et al., 2019).
Population pharmacokinetics (PPK) provides a quantitative analysis of variables affecting pharmacokinetic parameters and is a common method in studies of individualized medicine. Although studies on VRC PPK have been widely reported, they mainly focused on critically ill patients or patients with liver dysfunction, hematological malignancies and organ transplant. Disseminated T. marneffei infection is a serious disease state that often causes multiorgan damage and the liver is one of the most commonly affected organs (Vanittanakom et al., 2006; Chan et al., 2016). In addition, the effects of hypoalbuminemia, inflammation, concomitant medications, and CYP2C19 gene polymorphisms complicate the clinical application of VRC.
The main purpose of this study was to evaluate the characteristics of VRC pharmacokinetics in patients with talaromycosis using nonlinear mixed effects modeling (NONMEM), in addition to determining the extent of interindividual variability in pharmacokinetics of VRC, and to provide dose recommendations based on the final model for promoting reasonable use of VRC.
MATERIALS AND METHODS
Patients
This prospective observational clinical study was conducted at The First Affiliated Hospital of Guangxi Medical University and People’s Hospital of Baise from February 2019 to November 2021. Patients aged ≥18 years with a confirmed diagnosis of talaromycosis treated with VRC as an initial treatment were included. The exclusion criteria were as follows: 1) pregnancy or lactation; 2) treatment with other antifungal agents or medications that could seriously affect the pharmacokinetics of VRC; 3) hepatic dysfunction with Child-Pugh score class C; 4) renal impairment with creatinine level more than three times the upper normal limit; 5) diagnosis of tuberculosis or undergoing chemotherapy. This study was approved by the Medical Ethics Committee of the First Affiliated Hospital of Guangxi Medical University (KS No. 2019008). The investigators conducted the study in accordance with good clinical practice guidelines, and all patients signed a written informed consent before participating in the study.
Study medication and blood sampling
All patients received a standard dose of VRC according to the medication recommendations. The loading dose regimen was as follows: intravenous VRC 6 mg/kg q12 h on day 1 (or oral 400 mg q12 h on day 1) and followed by a maintenance dose of 4 mg/kg q12 h (or oral 200 mg q12 h) thereafter. The non-loading dose regimen was intravenous VRC 4 mg/kg q12 h or oral 200 mg q12 h. If the patient weighs less than 40 kg, the oral dose was reduced to half. A sparse sampling strategy was used to collect blood samples. Patients were randomly assigned to collect at least one blood sample within 30 min before administration and at 0.5, 1, 2, 4, 6, 8, 10, and 12 h after administration. The plasma concentration of VRC was considered to be at steady state after the 5th dose following the loading dose, or after 5 days without loading dose. Blood samples of Cmin were collected within 30 min before the next dose under steady state. Blood samples were centrifuged within 6 h and stored at −80°C; plasma was used to detect the concentration of VRC, and white blood cells (WBCs) were used for CYP2C19 identification. VRC plasma concentrations were measured with automatic two-dimensional liquid chromatography (2D-HPLC, Demeter Instrument Co., Ltd., Hunan, China). The linearity range was 0.24–12.04 mg/L (R2 = 0.9999) and the lower limit of quantitation was 0.2 mg/L. The assay precisions (intra-day and inter-day variability) were less than 1% (1.19–8.32 mg/L), and the online recovery was 91.38% ± 2.35% (Tang et al., 2019).
Clinical data collection and CYP2C19 genotyping
Data were collected through a unified format from the hospital electronic medical record system; data included demographic information (sex, age, weight, height); underlying diseases (HIV); VRC medication information (date, dose, administration time, interval time); concomitant medications [proton pump inhibitors (PPIs), glucocorticoids]; and laboratory test results, including WBC, hemoglobin (HGB), platelet (PLT), neutrophil granulocyte (NEU), alanine aminotransferase (ALT), aspartate aminotransferase (AST), albumin (ALB), total protein (TP), total bilirubin (Tbil), glutamyl transpeptidase (GGT), urea (UREA), and C-reactive protein (CRP). CYP2C19 (*2/*3/*17) genotyping was performed by the Sanger dideoxy DNA sequencing method with an ABI3730xl-full automatic sequencing instrument (ABI Co.) from Qingke Biotechnology Co., Ltd., in Guangzhou. According to the CYP2C19 genotypes, the metabolic phenotype was classified into 5 categories: ultrarapid metabolizer (UM, CYP2C19 *17/*17), rapid metabolizer (RM, CYP2C19 *1/*17), extended metabolizer (EM, CYP2C19 *1/*1), intermediate metabolizer (IM, CYP2C19 *1/*2, CYP2C19 *1/*3, CYP2C19 *2/*17), and poor metabolizer (PM, CYP2C19 *2/*2, CYP2C19 *2/*3, CYP2C19 *3/*3).
Population pharmacokinetic model
The VRC PPK model was constructed using nonlinear mixed-effects modeling software (NONMEM version 7.4.0 ICON Development Solutions, Ellicott City, MD). The data processing software included Perl-speaks-NONMEM (PsN, version 4.6.0) and Pirana (version 2.9.5a). Graphical analysis was performed using the R (version 4.1.3) and Xpose4 package (version 4.7.0). The first-order conditional estimation method with interaction (FOCE-I) was selected to estimate the model. One- and two-compartment models with first-order absorption and linear/non-linear elimination were compared to evaluate the best basic structural model. Population typical parameters such as clearance (CL), apparent volume of distribution (V) and oral absolute bioavailability (F) were estimated, and the absorption rate constant (Ka) was fixed at 1.1 h−1 as reported in the literature (Pascual et al., 2012). The inter-individual variability (IIV) in VRC PK parameters was described with an exponential model, which was expressed as follows:
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where [image: image] represents the ith individual parameter, [image: image] represents the typical value of the population parameter, and [image: image] is the random effect of the ith individual, which is normally distributed, with a mean of zero and variance of [image: image]. The residual variability (RSV) was tested with the following equations:
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where [image: image] is observed value, [image: image] is the model-predicted value, and [image: image], [image: image] represents the residual variation in which the distribution obeys a normal distribution, with zero mean and variances of σ2.
Covariate model exploration was conducted after the selection of the basic model. The relationship between covariates and PK parameters was evaluated by plotting empirical Bayesian estimates against patient variables. The Stepwise method was adopted to screen covariates, and potential covariates were sequentially tested using forward inclusion to establish the full model, followed by a backward elimination procedure to obtain a final model. Covariates were centered by their medians and were explored with linear, proportion, power function, and exponential models. A covariate was considered to be significant when inclusion resulted in a decrease in the objective function value (OFV) > 3.84 (p < 0.05, χ2, df = 1) and an increase in the OFV > 6.63 (p < 0.01, χ2, df = 1) in the backward step. The optimal model meets the following criteria: 1) the OFV was minimized, 2) the goodness-of-fit (GOF) was improved, 3) the addition of covariates reduced the differences between individuals, 4) covariates were clinically reasonable, and 5) the 95% CIs for the parameter estimates did not include zero.
Model validation
The goodness-of-fit plots were constructed to evaluate the adequacy of fitting, including individual prediction concentrations (IPRED) and population prediction concentrations (PRED) versus observed concentrations (DV), PRED and time after dose (TAD) versus conditional weighted residuals (CWRES), respectively. Bootstrapping was performed to assess the robustness and stability of the final model. One thousand resample datasets were generated from the original data, all parameters were re-estimated using the final model, and their medians and 95% confidence intervals (CIs) (2.5th percentile and 97.5th percentile) were calculated and compared with the final model parameters. Visual predictive checks (VPCs) were simulated 2,000 times to graphically assess the predicted performance of the final model. The 95% CIs for the 5th, 50th, and 95th percentiles of the simulated concentrations were calculated and compared with the observed concentrations.
Dosage regimen simulations
Monte Carlo simulation was used to determine the initial optimal dosage regimens for VRC. Simulations of VRC trough concentrations under steady state conditions were conducted using the final model parameters. A total of 1,000 replicates of Cmin were simulated for each dosage regimen. The target trough concentration range was defined as 1.0–5.5 mg/L (Hamada et al., 2012; Suzuki et al., 2013), and different loading and maintenance doses were simulated for each subpopulation stratified by the covariates included in the final model. A loading dosage regimen was considered appropriate if it achieved a higher probability of the Cmin attaining the therapeutic range at 24 h (C24). Base on the optimal loading dose, the optimal maintenance dose regimen was considered to have a high probability of VRC steady-state trough concentration reaching the therapeutic range and a low probability of Cmin > 5.5 mg/L. The IIV and RSV were included in this simulation.
Statistical analysis
Linear regression analysis was used to analyze the correlation between significant covariates and clearance estimated by the final model, and Mann-Whitney U test was used to analyze the differences in CL distribution corresponding to different covariates. Statistical analysis was performed with SPSS software (version 24.0, IBM Corporation, Armonk, New York), and p < 0.05 was considered statistically significant.
RESULTS
Patient characteristics
This study enrolled 69 patients diagnosed with talaromycosis from the First Affiliated Hospital of Guangxi Medical University and People’s Hospital of Baise. Specifically, 50 patients received IV loading dose with subsequent IV maintenance dose, 4 patients received oral loading and oral maintenance dose, 1 patient was IV route for loading dose with subsequent oral maintenance dose, and 14 patients were on non-loading dose (3 patients received intravenous and 11 patients received oral). A total of 233 VRC plasma concentrations (median of 4 per patient, range 1–9) including 75 Cmin (median of 1 per patient, range 0–2) from 69 patients were obtained to analysis. Extensive inter-individual variability in Cmin were observed in these patients, which ranging between 0.23 mg/L and 16.95 mg/L. Among the Cmin values, 47.7% (31/65) VRC Cmin values were maintained within 1.0–5.5 mg/L, while 12.3% (8/65) and 40.0% (26/65) of VRC Cmin values were below 1.0 mg/L and above 5.5 mg/L, respectively. Table 1 summarizes the patients’ demographic information, laboratory test results and CYP2C19 genotypes. Among those patients, there were 8 poor metabolizers (PMs) (*2/*2, *2/*3), 31 intermediate metabolizers (IMs) (*1/*2, *1/*3), and 30 extended metabolizers (EMs) (*1/*1). No ultrarapid metabolizers (UM) and rapid metabolizer (RM) patients were found in the study group. Thirty four patients were HIV positive that diagnosed for the first time with no antiviral treatment history. The most common concomitant medications affecting the pharmacokinetics of VRC were PPIs (32/69), and the maximum daily dose not exceed 40 mg.
TABLE 1 | Patient demographic characteristics and laboratory data.
[image: Table 1]Population pharmacokinetics model development
A one-compartment model with first-order absorption and elimination adequately described the data. Compared with the linear one-compartment model, neither the two-compartment model nor the nonlinear Michaelis-Menten elimination model can significantly reduce the OFV and improve the fitting effect. Individual variability in PK parameters can be well fitted by an exponential error model, and a combined model was used to describe the residual variability. The stepwise covariate modeling procedure showed that CL was significantly affected by CRP (ΔOFV = 8.302). EM status (ΔOFV = 5.235) on V was found to be significant during only forward selection. The population parameter estimates for the final model are presented in Table 2 and the equations of the final model are as follows. Typical values of CL, V, F were 4.34 L/h, 97.4 L, and 95.1%, respectively.
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TABLE 2 | Parameters estimates of basic, final model and Bootstrap results.
[image: Table 2]Model evaluation
The GOF chart of the final model illustrated that both the individual predicted value (IPRED) and predictive value (PRED) corresponded well with the observed value (DV). The conditional weighted residuals (CWRES) versus time and PRED showed good scattering, with most points located between ±2 (Figure 1). The bootstrap results demonstrated strong stability of the final model, with 986 out of 1,000 bootstraps being successful. Furthermore, the bootstrap estimates were similar to the typical values of the final model, and the 95% CI completely overlapped with the final model parameter (Table 2). The VPC visual verification diagram of the final model (Figure 2) shows that the majority of VRC DVs were covered in the 90% prediction interval (PI), indicating that the prediction results of the model were credible, with high predictive accuracy and good stability.
[image: Figure 1]FIGURE 1 | Goodness of fit plot of final model. (A) Scatter plot of observed value and individual predicted value; (B) Scatter diagram of observed value and population predicted values; (C) Scatter plot of conditional weighted residuals and predicted population value; (D) Scatter plot of conditional weighted residuals and time after dose. The black dotted line is the reference line, and the red dotted line is the LOESS trend line.
[image: Figure 2]FIGURE 2 | Visual predictive check of the final model. The blue hollow dots represent the original observed date of VRC blood drug concentration, the solid red line represents the median observed plasma concentration, and the red area represents the 95% confidence interval of the simulation-based median. The red dotted line represents the 5% and 95% percentiles of observed plasma concentration, the area formed between the two red dotted lines is called the 90% prediction interval (PI), and the blue area is the 95% confidence interval for the corresponding percentile predicted by the model.
Dosage regimen simulations
Monte Carlo simulations were utilized to determine the optimal dosage regimens for patients with T. marneffei infection based on the final model that included the significant covariate of CRP for calculating CL.
Linear regression analyses were used to analyze the correlation between VRC CL at each trough concentration and the CRP levels obtained within the same period for patients who measured multiple trough concentrations on different occasions. A significant correlation was observed between VRC CL and CRP (p < 0.05). The CL values were also analyzed by stratifying the CRP and the VRC CL, and a significant difference (p < 0.001) between the two groups was observed: CRP ≤ 96 mg/L (CRP-1 group) and CRP > 96 mg/L (CRP-2), and CRP-2 group had a significantly lower CL than CRP-1 group (median: 2.23 vs. 4.23 L/h, Figure 3).
[image: Figure 3]FIGURE 3 | Distribution of VRC CL in CRP-1 and CRP-2 groups. CRP-1: CRP ≤ 96 mg/L; CRP-2: CRP > 96 mg/L.
Therefore, the population was divided into two groups (CRP-1 and CRP-2) for Monte Carlo simulation. The results of intravenous (1 h infusion) and oral loading doses (200, 250, 275, 300, 350 mg q12 h) were shown in Table 3. According to the results, a loading dose of 250 mg/12 h was adequate for CRP-1 group patients to obtain high probabilities (intravenous: 80.17%; oral: 81.17) of the C24 attaining the VRC therapeutic range (1.0–5.5 mg/L). For CRP-2 group patients, 200 mg/12 h was more appropriate, and the probability of target attainment (PTA) of intravenous and oral was 86.45% and 86.79%, respectively. Based on the optimizing loading dose, various intravenous (1 h infusion) and oral maintenance dose regimens were simulated for the two groups (Figure 4). The final recommended regimens are shown in Table 4. For patients in the CRP-1 group, a loading dose of 250 mg/12 h and a maintenance dose of 100 mg/12 h were recommended, while for patients in the CRP-2 group, a loading dose of 200 mg/12 h and a maintenance dose of 75 mg/12 h were recommended. The overall average PTA of the optimal administration regimen is 61.3%, 13.6% higher than that of experiential administration. Supratherapeutic concentration (Cmin > 5.5 mg/L) decreased by 28.9%.
TABLE 3 | Probability of C24 reaching the treatment range in two groups with different voriconazole loading doses on the first day.
[image: Table 3][image: Figure 4]FIGURE 4 | Trough concentrations distribution at different VRC maintenance doses for the four scenarios. (A): CRP-1, intravenous; (B): CRP-2, intravenous; (C) CRP-1, oral; (D): CRP-2, oral. CRP-1:CRP ≤ 96 mg/L; CRP-2: CRP > 96 mg/L.
TABLE 4 | Recommended initial dosing regimen of voriconazole for patients in the two groups.
[image: Table 4]DISCUSSION
This prospective study developed a population pharmacokinetics model of VRC in patients with talaromycosis. In this study, VRC plasma Cmin demonstrate high interindividual variability with 52.3% of Cmin outside the therapeutic range, which indicate the need to adjust VRC dose in these patients to optimize VRC plasma concentrations. Interestingly, CRP was identified as a promising biomarker for optimizing the initial dose of VRC rather than CYP2C19 genotype.
A one-compartment linear elimination model was used to describe the pharmacokinetic characteristics of VRC in this study, which is consistent with previously published PPK model in adult patients (Shi et al., 2019). The typical population values for CL, V, and F of VRC in this study were 4.34 L/h, 97.4 L and 95.1%, respectively. The Ka was fixed at 1.1 h−1 due to the limited number of samples in the absorption phase. (Nomura et al., 2008; Han et al., 2010; Han et al., 2011; Pascual et al., 2012; Wang et al., 2014; Chen et al., 2015b; Li et al., 2017; Lin et al., 2018).The population estimates of CL in this study were similar to the values in patients with hematologic malignancies (Liu et al., 2019) and pulmonary disease (Chen et al., 2015a), and were higher than liver dysfunction patients (Ren et al., 2019; Tang et al., 2021; Wang et al., 2021), and were lower than those in patients with kidney transplant (Li et al., 2017), hematopoietic stem cell transplant patients (Chen et al., 2019) and healthy volunteers (Purkins et al., 2002). The reason for the increase in VRC plasma concentrations may be related to pathological damage to hepatocytes caused by aggressive infection of T. marneffei, which results in VRCs with lower clearance rates than other populations. The IIV of CL (100.5%) was high compared with the median (range) values obtained from other studies [41% (21.3%–107%)], showing large interindividual variation. While the IIV of V (31.2%) is similar to other studies [32.75% (12%–98%)]. The RSV was 7.1% and quite low compared with that of other studies, which ranged from 13% to 61% (Nomura et al., 2008; Han et al., 2010; Han et al., 2011; Pascual et al., 2012; Wang et al., 2014; Chen et al., 2015b; Li et al., 2017; Lin et al., 2018). The shrinkage of CL and V are 6.5% and 42.5%, respectively. The shrinkage of the V is a little high probably due to insufficiency of the data in the absorption phase.
The study identified CRP was the most significant covariate affecting the pharmacokinetic parameters of VRC, which are consistent with the results observed by Alffenaar JW et al. (van Wanrooy et al., 2014; Encalada Ventura et al., 2015; Veringa et al., 2017). C-reactive protein is an acute protein mainly produced by hepatocytes that increase dramatically in response to injury, infection, and inflammation, which plasma level can reflect the severity of inflammation (Sproston and Ashworth, 2018). Invasive T. marneffei infection can cause multiple organ damage and CRP is significantly increased in patients with poor prognosis (Sun et al., 2021; Shi et al., 2022). Studies have shown that drug-metabolizing enzymes, including cytochrome P450 (CYP) isoenzymes, are decreased at the transcriptional levels during infection or inflammation, which leading to reduce the metabolism of VRC (Renton, 2004; Aitken and Morgan, 2007; van Wanrooy et al., 2014; Encalada Ventura et al., 2015; Veringa et al., 2017). Therefore, the influence of inflammation needs to be considered when deciding the dose of VRC to avoid over-dosing administration.
Based on the final model, intravenous and oral loading dose of 250 mg q12 h and 200 mg q12 h for patients in CRP-1 and CRP-2 group were sufficient to achieve the Cmin target at 24 h with high average probability of 80.67% and 86.62%, respectively. These results indicate that high CRP level can increase VRC exposure, and patients with severe inflammation received lower doses than conventional clinical medication, and that the percentage of VRC Cmin > 5.5 mg/L increased significantly with increasing dose. Furthermore, the simulation results of this study found that PTA obtained by intravenous and oral routes were very close under the same conditions (Table 3; Figure 4). It may indicate that oral and intravenous administration could be alternated depending on the patient’s condition. In brief, the recommended medication regimen improved the effectiveness and safety of VRC treatment, which can provide a reference for clinical application.
Hypoalbuminemia is also one of significant characteristics in these patients, which likely to have been caused by an imbalance between ALB synthesis and catabolic rate, and secondary to an active inflammation (Chantharit et al., 2020). Hypoalbuminemia increases VRC plasma unbound drug concentration which may lead to drug-related adverse reactions (Khan-Asa et al., 2020; Yuan et al., 2020; Takahashi et al., 2021). In this study, hypoalbuminemia did not show to be a significant covariate of VRC plasma exposure. Albumin showed a correlation with the interindividual variation of CL, but was eventually excluded as its OFV decrease in the process of forward inclusion was less than 3.84, which might be related to the baseline value of ALB and the lack of significant improvement after treatment in the short term.
Voriconazole is metabolized mainly by CYP2C19 enzymes in the liver, and CYP2C19 polymorphisms are thought to significantly affect VRC metabolism (Lamoureux et al., 2016; Clinical Pharmacogenetics Implementation Consortium, 2018). Previous studies have shown that the proportion of poor metabolizers was significantly higher in the Asian population than in the Caucasian population, and poor metabolism resulted in an increase in plasma VRC concentration (Mizutani, 2003). In our study, the CYP2C19 genotype was determined in all patients, and the gene frequency distribution was similar to previous studies in Asia and did not deviate from Hardy-Weinberg Equilibrium (Mizutani, 2003; Jose et al., 2005; Vu et al., 2019). Nevertheless, the results of our analysis indicate that there was no significant correlation between CYP2C19 phenotype and VRC plasma concentration. This result needs further investigation in future studies with larger sample size.
Drug-drug interactions (DDIs) in VRC are also one of the concerns of clinicians, as they can cause changes in VRC plasma concentrations. Common concomitant medications include PPIs and glucocorticoids, although the relationship between these drugs and VRC remains inconclusive (Hoenigl et al., 2013; Niece et al., 2015). Proton pump inhibitors are widely used drugs and also undergo CYP450-dependent metabolism, thereby competitively inhibiting the metabolism of VRC (Niece et al., 2015). Voriconazole plasma exposure may be related to the type and dosage of PPIs, and omeprazole has the strongest inhibitory effect on VRC metabolism (Qi et al., 2017; Blanco Dorado et al., 2020). In this study, no significant effect of concomitant medication (PPIs) on VRC plasma concentration was detected, which may be related to the low frequency of omeprazole use. Additionally, DDIs between VRC and immunosuppressants were not evaluated in HIV-infected patients because antiretroviral treatment was not initiated during voriconazole induction therapy.
Our study has some notable limitations. One is that there might be some deviation in the results due to the small sample size. In addition, the variables included in this study were limited and cannot fully explain the factors influencing individual pharmacokinetic variation of VRC. In conclusion, a population pharmacokinetic model for VRC in patients with talaromycosis was developed, providing valuable information for individualized use of VRC and further assistance in guiding the treatment of patients with talaromycosis.
DATA AVAILABILITY STATEMENT
The data analyzed in this study is subject to the following licenses/restrictions: The data are not publicly available due to privacy or ethical restrictions. Requests to access these datasets should be directed to Taotao Liu, liutaotao@gxmu.edu.cn.
ETHICS STATEMENT
The studies involving human participants were reviewed and approved by Medical Ethics Committee of the First Affiliated Hospital of Guangxi Medical University. The patients/participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
TL, CC, and CZ conceived and designed the study. WH, BL, LL, TNL, TWL, XY, and XL collected the data. YW, ZW, and SZ built the model and analyzed the data. ZJ, YW, TL, and CZ wrote, reviewed, and edited the manuscript. All authors read and approved the manuscript.
FUNDING
This study was supported by grants from the National Natural Science Foundation of China (81960567 and 82173433) and the Natural Science Foundation of Guangxi Province of China (2020GXNSFGA238001), and The First Affiliated Hospital of Guangxi Medical University Provincial and Ministerial Key Laboratory Cultivation Project: Guangxi Key Laboratory of Tropical Fungi and Mycosis Research (No. YYZS2020006).
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Aitken, A. E., and Morgan, E. T. (2007). Gene-specific effects of inflammatory cytokines on cytochrome P450 2C, 2B6 and 3A4 mRNA levels in human hepatocytes. Drug Metab. Dispos. 35 (9), 1687–1693. doi:10.1124/dmd.107.015511
 Armstrong-James, D., Meintjes, G., and Brown, G. D. (2014). A neglected epidemic: Fungal infections in HIV/AIDS. Trends Microbiol. 22 (3), 120–127. doi:10.1016/j.tim.2014.01.001
 Blanco Dorado, S., Maroñas Amigo, O., Latorre-Pellicer, A., Rodríguez Jato, M. T., López-Vizcaíno, A., Gómez Márquez, A., et al. (2020). A multicentre prospective study evaluating the impact of proton-pump inhibitors omeprazole and pantoprazole on voriconazole plasma concentrations. Br. J. Clin. Pharmacol. 86 (8), 1661–1666. doi:10.1111/bcp.14267
 Chan, J. F., Lau, S. K., Yuen, K. Y., and Woo, P. C. (2016). Talaromyces (Penicillium) marneffei infection in non-HIV-infected patients. Emerg. Microbes Infect. 5 (3), e19. doi:10.1038/emi.2016.18
 Chantharit, P., Tantasawat, M., Kasai, H., and Tanigawara, Y. (2020). Population pharmacokinetics of voriconazole in patients with invasive aspergillosis: Serum albumin level as a novel marker for clearance and dosage optimization. Ther. Drug Monit. 42 (6), 872–879. doi:10.1097/FTD.0000000000000799
 Chen, C., Yang, T., Li, X., Ma, L., Liu, Y., Zhou, Y., et al. (2019). Population pharmacokinetics of voriconazole in Chinese patients with hematopoietic stem cell transplantation. Eur. J. Drug Metab. Pharmacokinet. 44 (5), 659–668. doi:10.1007/s13318-019-00556-w
 Chen, W., Xie, H., Liang, F., Meng, D., Rui, J., Yin, X., et al. (2015a). Population pharmacokinetics in China: The dynamics of intravenous voriconazole in critically ill patients with pulmonary disease. Biol. Pharm. Bull. 38 (7), 996–1004. doi:10.1248/bpb.b14-00768
 Chen, W., Xie, H., Liang, F., Meng, D., Rui, J., Yin, X., et al. (2015b). Population pharmacokinetics in China: The dynamics of intravenous voriconazole in critically ill patients with pulmonary disease. Biol. Pharm. Bull. 38 (7), 996–1004. doi:10.1248/bpb.b14-00768
 Clinical Pharmacogenetics Implementation Consortium (2018). Clinical Pharmacogenetics implementation Consortium (CPIC) guidelines for CYP2C19 and voriconazole therapy. Clin. Pharmacol. Ther. 103 (2), 349. doi:10.1002/cpt.953
 Dolton, M. J., and McLachlan, A. J. (2014). Voriconazole pharmacokinetics and exposure-response relationships: Assessing the links between exposure, efficacy and toxicity. Int. J. Antimicrob. Agents 44 (3), 183–193. doi:10.1016/j.ijantimicag.2014.05.019
 Encalada Ventura, M. A., Span, L. F., van den Heuvel, E. R., Groothuis, G. M., and Alffenaar, J. W. (2015). Influence of inflammation on voriconazole metabolism. Antimicrob. Agents Chemother. 59 (5), 2942–2943. doi:10.1128/aac.04789-14
 Hamada, Y., Seto, Y., Yago, K., and Kuroyama, M. (2012). Investigation and threshold of optimum blood concentration of voriconazole: A descriptive statistical meta-analysis. J. Infect. Chemother. 18 (4), 501–507. doi:10.1007/s10156-011-0363-6
 Han, K., Bies, R., Johnson, H., Capitano, B., and Venkataramanan, R. J. C. p. (2011). Population pharmacokinetic evaluation with external validation and Bayesian estimator of voriconazole in liver transplant recipients. Clin. Pharmacokinet. 50 (3), 201–214. doi:10.2165/11538690-000000000-00000
 Han, K., Capitano, B., Bies, R., Potoski, B. A., Husain, S., Gilbert, S., et al. (2010). Bioavailability and population pharmacokinetics of voriconazole in lung transplant recipients. Antimicrob. Agents Chemother. 54 (10), 4424–4431. doi:10.1128/AAC.00504-10
 Hoenigl, M., Duettmann, W., Raggam, R. B., Seeber, K., Troppan, K., Fruhwald, S., et al. (2013). Potential factors for inadequate voriconazole plasma concentrations in intensive care unit patients and patients with hematological malignancies. Antimicrob. Agents Chemother. 57 (7), 3262–3267. doi:10.1128/aac.00251-13
 Hope, W. W. (2012). Population pharmacokinetics of voriconazole in adults. Antimicrob. Agents Chemother. 56 (1), 526–531. doi:10.1128/aac.00702-11
 Hu, Y., Zhang, J., Li, X., Yang, Y., Zhang, Y., Ma, J., et al. (2013). Penicillium marneffei infection: An emerging disease in mainland China. Mycopathologia 175 (1-2), 57–67. doi:10.1007/s11046-012-9577-0
 Huang, W., Li, T., Zhou, C., Wei, F., Cao, C., and Jiang, J. (2021). Voriconazole versus amphotericin B as induction therapy for talaromycosis in HIV/AIDS patients: A retrospective study. Mycopathologia 186 (2), 269–276. doi:10.1007/s11046-021-00533-5
 Jiang, J., Meng, S., Huang, S., Ruan, Y., Lu, X., Li, J. Z., et al. (2019). Effects of Talaromyces marneffei infection on mortality of HIV/AIDS patients in southern China: A retrospective cohort study. Clin. Microbiol. Infect. 25 (2), 233–241. doi:10.1016/j.cmi.2018.04.018
 Jose, R., Chandrasekaran, A., Sam, S. S., Gerard, N., Chanolean, S., Abraham, B. K., et al. (2005). CYP2C9 and CYP2C19 genetic polymorphisms: Frequencies in the south Indian population. Fundam. Clin. Pharmacol. 19 (1), 101–105. doi:10.1111/j.1472-8206.2004.00307.x
 Khan-Asa, B., Punyawudho, B., Singkham, N., Chaivichacharn, P., Karoopongse, E., Montakantikul, P., et al. (2020). Impact of albumin and omeprazole on steady-state population pharmacokinetics of voriconazole and development of a voriconazole dosing optimization model in Thai patients with hematologic diseases. Antibiot. (Basel) 9 (9), E574. doi:10.3390/antibiotics9090574
 Kim, Y., Rhee, S. J., Park, W. B., Yu, K. S., Jang, I. J., and Lee, S. (2019). A personalized CYP2C19 phenotype-guided dosing regimen of voriconazole using a population pharmacokinetic analysis. J. Clin. Med. 8 (2), E227. doi:10.3390/jcm8020227
 Lamoureux, F., Duflot, T., Woillard, J. B., Metsu, D., Pereira, T., Compagnon, P., et al. (2016). Impact of CYP2C19 genetic polymorphisms on voriconazole dosing and exposure in adult patients with invasive fungal infections. Int. J. Antimicrob. Agents 47 (2), 124–131. doi:10.1016/j.ijantimicag.2015.12.003
 Le, T., Kinh, N. V., Cuc, N. T. K., Tung, N. L. N., Lam, N. T., Thuy, P. T. T., et al. (2017). A trial of itraconazole or amphotericin B for HIV-associated talaromycosis. N. Engl. J. Med. 376 (24), 2329–2340. doi:10.1056/NEJMoa1613306
 Li, Z., Peng, F., Yan, M., Liang, W., Liu, X., Wu, Y., et al. (2017a). Impact of CYP2C19 genotype and liver function on voriconazole pharmacokinetics in renal transplant recipients. Ther. Drug Monit. 39 (4), 422–428. doi:10.1097/ftd.0000000000000425
 Li, Z. W., Peng, F. H., Yan, M., Liang, W., Liu, X. L., Wu, Y. Q., et al. (2017b). Impact of CYP2C19 genotype and liver function on voriconazole pharmacokinetics in renal transplant recipients. Ther. Drug Monit. 39 (4), 422–428. doi:10.1097/ftd.0000000000000425
 Lin, X. B., Li, Z. W., Yan, M., Zhang, B. K., Liang, W., Wang, F., et al. (2018). Population pharmacokinetics of voriconazole and CYP2C19 polymorphisms for optimizing dosing regimens in renal transplant recipients. Br. J. Clin. Pharmacol. 84 (7), 1587–1597. doi:10.1111/bcp.13595
 Liu, Y., Qiu, T., Liu, Y., Wang, J., Hu, K., Bao, F., et al. (2019). Model-based voriconazole dose optimization in Chinese adult patients with hematologic malignancies. Clin. Ther. 41 (6), 1151–1163. doi:10.1016/j.clinthera.2019.04.027
 Luong, M. L., Al-Dabbagh, M., Groll, A. H., Racil, Z., Nannya, Y., Mitsani, D., et al. (2016). Utility of voriconazole therapeutic drug monitoring: A meta-analysis. J. Antimicrob. Chemother. 71 (7), 1786–1799. doi:10.1093/jac/dkw099
 Miyakis, S., van Hal, S. J., Ray, J., and Marriott, D. (2010). Voriconazole concentrations and outcome of invasive fungal infections. Clin. Microbiol. Infect. 16 (7), 927–933. doi:10.1111/j.1469-0691.2009.02990.x
 Mizutani, T. (2003). PM frequencies of major CYPs in Asians and Caucasians. Drug Metab. Rev. 35 (2-3), 99–106. doi:10.1081/dmr-120023681
 Niece, K. L., Boyd, N. K., and Akers, K. S. (2015). In vitro study of the variable effects of proton pump inhibitors on voriconazole. Antimicrob. Agents Chemother. 59 (9), 5548–5554. doi:10.1128/aac.00884-15
 Ning, C., Lai, J., Wei, W., Zhou, B., Huang, J., Jiang, J., et al. (2018). Accuracy of rapid diagnosis of Talaromyces marneffei: A systematic review and meta-analysis. PLoS One 13 (4), e0195569. doi:10.1371/journal.pone.0195569
 Nomura, K., Fujimoto, Y., Kanbayashi, Y., Ikawa, K., and Taniwaki, M. (2008). Pharmacokinetic-pharmacodynamic analysis of voriconazole in Japanese patients with hematological malignancies. Eur. J. Clin. Microbiol. Infect. Dis. 27 (11), 1141–1143. doi:10.1007/s10096-008-0543-1
 Ouyang, Y., Cai, S., Liang, H., and Cao, C. (2017). Administration of voriconazole in disseminated Talaromyces (penicillium) marneffei infection: A retrospective study. Mycopathologia 182 (5-6), 569–575. doi:10.1007/s11046-016-0107-3
 Owusu Obeng, A., Egelund, E. F., Alsultan, A., Peloquin, C. A., and Johnson, J. A. (2014). CYP2C19 polymorphisms and therapeutic drug monitoring of voriconazole: Are we ready for clinical implementation of pharmacogenomics?Pharmacotherapy 34 (7), 703–718. doi:10.1002/phar.1400
 Panel on Antiretroviral Guidelines for Adults and Adolescents (2019). Guidelines for the prevention and treatment of opportunistic infections in adults and Adolescents with HIV. https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/AdultandAdolescentGL (Accessed April 13, 2022). 
 Park, W. B., Kim, N. H., Kim, K. H., Lee, S. H., Nam, W. S., Yoon, S. H., et al. (2012). The effect of therapeutic drug monitoring on safety and efficacy of voriconazole in invasive fungal infections: A randomized controlled trial. Clin. Infect. Dis. 55 (8), 1080–1087. doi:10.1093/cid/cis599
 Pascual, A., Calandra, T., Bolay, S., Buclin, T., Bille, J., and Marchetti, O. (2008). Voriconazole therapeutic drug monitoring in patients with invasive mycoses improves efficacy and safety outcomes. Clin. Infect. Dis. 46 (2), 201–211. doi:10.1086/524669
 Pascual, A., Csajka, C., Buclin, T., Bolay, S., Bille, J., Calandra, T., et al. (2012). Challenging recommended oral and intravenous voriconazole doses for improved efficacy and safety: Population pharmacokinetics-based analysis of adult patients with invasive fungal infections. Clin. Infect. Dis. 55 (3), 381–390. doi:10.1093/cid/cis437
 Purkins, L., Wood, N., Ghahramani, P., Greenhalgh, K., Allen, M. J., and Kleinermans, D. (2002). Pharmacokinetics and safety of voriconazole following intravenous- to oral-dose escalation regimens. Antimicrob. Agents Chemother. 46 (8), 2546–2553. doi:10.1128/aac.46.8.2546-2553.2002
 Qi, F., Zhu, L., Li, N., Ge, T., Xu, G., and Liao, S. (2017). Influence of different proton pump inhibitors on the pharmacokinetics of voriconazole. Int. J. Antimicrob. Agents 49 (4), 403–409. doi:10.1016/j.ijantimicag.2016.11.025
 Ren, Q. X., Li, X. G., Mu, J. S., Bi, J. F., Du, C. H., Wang, Y. H., et al. (2019). Population pharmacokinetics of voriconazole and optimization of dosage regimens based on Monte Carlo simulation in patients with liver cirrhosis. J. Pharm. Sci. 108 (12), 3923–3931. doi:10.1016/j.xphs.2019.09.019
 Renton, K. W. (2004). Cytochrome P450 regulation and drug biotransformation during inflammation and infection. Curr. Drug Metab. 5 (3), 235–243. doi:10.2174/1389200043335559
 Shi, C., Xiao, Y., Mao, Y., Wu, J., and Lin, N. (2019). Voriconazole: A review of population pharmacokinetic analyses. Clin. Pharmacokinet. 58 (6), 687–703. doi:10.1007/s40262-019-00735-7
 Shi, M., Lin, J., Wei, W., Qin, Y., Meng, S., Chen, X., et al. (2022). Machine learning-based in-hospital mortality prediction of HIV/AIDS patients with Talaromyces marneffei infection in Guangxi, China. PLoS Negl. Trop. Dis. 16 (5), e0010388. doi:10.1371/journal.pntd.0010388
 Sproston, N. R., and Ashworth, J. J. (2018). Role of C-reactive protein at sites of inflammation and infection. Front. Immunol. 9, 754. doi:10.3389/fimmu.2018.00754
 Sun, J., Sun, W., Tang, Y., Zhang, R., Liu, L., Shen, Y., et al. (2021). Clinical characteristics and risk factors for poor prognosis among HIV patients with Talaromyces marneffei bloodstream infection. BMC Infect. Dis. 21 (1), 514. doi:10.1186/s12879-021-06232-2
 Suzuki, Y., Tokimatsu, I., Sato, Y., Kawasaki, K., Sato, Y., Goto, T., et al. (2013). Association of sustained high plasma trough concentration of voriconazole with the incidence of hepatotoxicity. Clin. Chim. Acta. 424, 119–122. doi:10.1016/j.cca.2013.05.025
 Takahashi, T., Jaber, M. M., Smith, A. R., Jacobson, P. A., Fisher, J., and Kirstein, M. N. (2021). Predictive value of C-reactive protein and albumin for temporal within-individual pharmacokinetic variability of voriconazole in pediatric patients undergoing hematopoietic cell transplantation. J. Clin. Pharmacol. 62, 855–862. doi:10.1002/jcph.2024
 Tang, D., Song, B. L., Yan, M., Zou, J. J., Zhang, M., Zhou, H. Y., et al. (2019). Identifying factors affecting the pharmacokinetics of voriconazole in patients with liver dysfunction: A population pharmacokinetic approach. Basic Clin. Pharmacol. Toxicol. 125 (1), 34–43. doi:10.1111/bcpt.13208
 Tang, D., Yan, M., Song, B. L., Zhao, Y. C., Xiao, Y. W., Wang, F., et al. (2021). Population pharmacokinetics, safety and dosing optimization of voriconazole in patients with liver dysfunction: A prospective observational study. Br. J. Clin. Pharmacol. 87 (4), 1890–1902. doi:10.1111/bcp.14578
 Troke, P. F., Hockey, H. P., and Hope, W. W. (2011). Observational study of the clinical efficacy of voriconazole and its relationship to plasma concentrations in patients. Antimicrob. Agents Chemother. 55 (10), 4782–4788. doi:10.1128/AAC.01083-10
 van Wanrooy, M. J., Span, L. F., Rodgers, M. G., van den Heuvel, E. R., Uges, D. R., van der Werf, T. S., et al. (2014). Inflammation is associated with voriconazole trough concentrations. Antimicrob. Agents Chemother. 58 (12), 7098–7101. doi:10.1128/aac.03820-14
 Vanittanakom, N., Cooper, C. R., Fisher, M. C., and Sirisanthana, T. (2006). Penicillium marneffei infection and recent advances in the epidemiology and molecular biology aspects. Clin. Microbiol. Rev. 19 (1), 95–110. doi:10.1128/cmr.19.1.95-110.2006
 Veringa, A., Ter Avest, M., Span, L. F., van den Heuvel, E. R., Touw, D. J., Zijlstra, J. G., et al. (2017). Voriconazole metabolism is influenced by severe inflammation: A prospective study. J. Antimicrob. Chemother. 72 (1), 261–267. doi:10.1093/jac/dkw349
 Vu, N. P., Nguyen, H. T. T., Tran, N. T. B., Nguyen, T. D., Huynh, H. T. T., Nguyen, X. T., et al. (2019). CYP2C19 genetic polymorphism in the Vietnamese population. Ann. Hum. Biol. 46 (6), 491–497. doi:10.1080/03014460.2019.1687750
 Wang, T., Chen, S., Sun, J., Cai, J., Cheng, X., Dong, H., et al. (2014). Identification of factors influencing the pharmacokinetics of voriconazole and the optimization of dosage regimens based on Monte Carlo simulation in patients with invasive fungal infections. J. Antimicrob. Chemother. 69 (2), 463–470. doi:10.1093/jac/dkt369
 Wang, T., Yan, M., Tang, D., Dong, Y., Zhu, L., Du, Q., et al. (2021). Using child-pugh class to optimize voriconazole dosage regimens and improve safety in patients with liver cirrhosis: Insights from a population pharmacokinetic model-based analysis. Pharmacotherapy 41 (2), 172–183. doi:10.1002/phar.2474
 You, H., Dong, Y., Zou, Y., Zhang, T., Lei, J., Chen, L., et al. (2018). Voriconazole therapeutic drug monitoring: Factors associated with supratherapeutic and subtherapeutic voriconazole concentrations. Int. J. Clin. Pharmacol. Ther. 56 (5), 239–246. doi:10.5414/CP203184
 Yuan, Z. Q., Qiao, C., Yang, Z. C., Yu, L., Sun, L. N., Qian, Y., et al. (2020). The impact of plasma protein binding characteristics and unbound concentration of voriconazole on its adverse drug reactions. Front. Pharmacol. 11, 505. doi:10.3389/fphar.2020.00505
 Zhou, P. Y., Lim, T. P., Tang, S. L. S., Liew, Y., Chua, S. G. N., Lim, L. L. C., et al. (2020). The utility of voriconazole therapeutic drug monitoring in a multi-racial cohort in Southeast Asia. J. Glob. Antimicrob. Resist. 21, 427–433. doi:10.1016/j.jgar.2019.12.004
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Jiang, Wei, Huang, Li, Zhou, Liao, Li, Liang, Yu, Li, Zhou, Cao and Liu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/inline_5.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Population pharmacokinetics of voriconazole and initial dosage optimization in patients with talaromycosis		Introduction

		Materials and methods		Patients

		Study medication and blood sampling

		Clinical data collection and CYP2C19 genotyping

		Population pharmacokinetic model

		Model validation

		Dosage regimen simulations

		Statistical analysis





		Results		Patient characteristics

		Population pharmacokinetics model development

		Model evaluation

		Dosage regimen simulations





		Discussion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Publisher’s note

		References









OPS/images/inline_4.gif





OPS/images/inline_7.gif
C1





OPS/images/inline_6.gif





OPS/images/inline_3.gif





OPS/images/inline_2.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





OPS/images/fphar-13-982981-t001.jpg
The first atfiliated hospital of Guangxi People’s hospital of Baise (n = 34)
medical university (n = 35)

Characteristic Mean + SD Median, range Mean + SD (Median, range)
Male [n (%)) 24 (68.6) — 31 (91.2) =

Age (years) 58.1 + 462 57 (54~69) 380 £ 104 30 (20~65)
WT (kg) 627+ 666 61 (52~72) 524965 50 (38~87)
Laboratory

ALB (g/L) 269 + 402 26 (17.4~36.0) 257 £59 247 (1~43.8)
ALT (U/L) 261+ 146 27.2 (4.0~61.0) 460 + 447 29 (10.0~236)
CRP (mg/L) 9.9+ 710 705 (1.6~207.7) 613 £418 59.1 (0.9~202)
DBIL (umol/L) 476 + 429 33(12~167) 105 + 128 52 (1.0~1022)
GGT (U/L) 2609 £ 1762 290.1 (19.0~662.0) 1535 + 1748 95 (20~1154)
PLT (10°/L) 4374+ 1132 417 (246.1~625.7) 1237 £ 888 102 (6~451)
TP (g/L) 692122 65.4 (54.7~95.4) 618 119 611 (43~103.2)
WBC (10°/L) 15.16 + 371 157 (7.04~27.81) 379 + 241 36 (1.0~16.2)
UREA (mmol/L) 642+ 255 5.81 (2.5~1097) 483 +325 40 (0.95~18.47)
CYP2C19 phenotype®

EM [n (%)) 13 (37.1) - 17 (50) —

IM [n (%)] 18 (51.4) - 13 (382) -

PM [n (%)] 4(114) - 4(11.8) -
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CRP < 96 mg/L; CRP-2: CRP > 96 mg/L; the black outer box

dicates the scheme with the highest PTA.
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<0.5mg/L 1.0~5.5 mg/L >5.5 mg/L Cas, trough (mg/L)

CRP-1 LD: 250 mg/12 b iv 303 57.36 1234 261
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MD: 100 mg/12 b, po
CRP-2 LD: 200 mg/12 h; iv 2455 64.11 11.34 273
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LD: 200 mg/12 b iv 2489 65.62 9.49 262

MD: 75 mg/12 h, iv

LD, loading dose; MD, maintenance dose; iv, Intravenous; po, Oral; CRP-1, CRP < 96 mg/L; CRP-2, CRP > 96 mg/L.
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