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Introduction. Voriconazole exhibits nonlinear pharmacokinetics with substantial interindividual variability, complicating dose optimization within its narrow therapeutic window. 
Aims. This study aimed to develop a physiologically based pharmacokinetic (PBPK) model of voriconazole and its N-oxide metabolite, incorporating competitive and mechanism-based cytochrome P450 (CYP) inhibition to characterize dose- and time-dependent pharmacokinetics and drug–drug interaction (DDI) potential.
Methods. Model development was based on in vitro data and publicly available information, and refined using observed clinical data. The model was verified using clinical data following intravenous and oral administration across CYP2C19 phenotypes by confirming that simulated-to-observed area under the concentration–time curve (AUC) and maximum plasma concentration (Cmax) ratios were within 0.5–2.0. DDI assessment used index substrates for CYP2B6, CYP3A4, and CYP2C9/2C19, with acceptance defined as AUC and Cmax ratios within 0.8–1.25. 
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Results. Drug absorption was described using the ADAM model, and distribution was characterized using a full PBPK framework. Voriconazole metabolism was captured using Michaelis–Menten kinetics for CYP2C19, CYP3A4, and CYP2C9. Voriconazole acted as a competitive inhibitor of CYP2B6, CYP2C9, CYP2C19, and CYP3A4, while its N-oxide metabolite acted as a competitive inhibitor of CYP2C19 and a mechanism-based inhibitor of CYP2C19 and CYP3A4. The model adequately reproduced nonlinear and CYP2C19 genotype-dependent pharmacokinetics, and DDI predictions were generally within predefined acceptance criteria.
Discussion. The voriconazole PBPK model reliably describes nonlinear and CYP2C19 genotype-dependent pharmacokinetics, and provides a quantitative framework to support individualized dosing and DDI risk assessment in clinical settings. 
