Development of a physiologically-based pharmacokinetic model for precision dosing of 5-fluorouracil
Julia Rosenqvist1,2, Anne M Filppula1,2,3, Mika Kurkela1,2, Antti Hosio1,2,4,5, Mikko Niemi1,2,4. Dept of Clin Pharmacol, Faculty of Medicine, Univ of Helsinki1, Helsinki, Finland; Individualized Drug Therapy Research Program, Faculty of Medicine, Univ of Helsinki2, Helsinki, Finland; Pharmaceutical Sciences Laboratory, Dept of Natural and Health Sciences, the Faculty of Sciences and Engineering, Åbo Akademi Univ3, Turku, Finland; Dept of Clin Pharmacol, HUS Diagnostic Centre, Helsinki Univ Hosp4, Helsinki, Finland; Comprehensive Cancer Centre, Helsinki Univ Hosp5, Helsinki, Finland.
Introduction. Up to 30% of patients using 5-fluorouracil (5-FU) experience severe drug-induced toxicity. The toxicity can be partly explained by reduced function genetic variants in the DPYD gene encoding dihydropyrimidine dehydrogenase (DPD), which converts the drug into inactive metabolites.
Aims. We aimed to develop a physiologically-based pharmacokinetic (PBPK) model for 5-FU to better understand how DPYD variants affect 5-FU concentrations, and to find optimal doses for patients with decreased enzyme activity.
Methods. A PBPK model was developed and verified (steps 1 and 2) for 5-FU and its two consecutive inactive metabolites in Simcyp. To this end, average pharmacokinetic data from the literature (n = 10 and 8 studies in steps 1 and 2, respectively) and individual concentration data from breast cancer patients (n = 75 and 74 individuals in steps 1 and 2, respectively) in an observational prospective clinical trial were used. In a final exploratory step (3), the model was used to estimate optimal dose reductions for patients with decreased DPD activity.
Results. The model accurately described 5-FU pharmacokinetics as all predicted area under the curve and maximum concentration values were within 2-fold of the observed values in literature (steps 1-2). Additionally, 92% (step 1) and 89% (step 2) of the predicted concentrations of the observational clinical trial patients were within 2-fold of the observed values. Finally, in step 3, the model showed that breast cancer patients with a 50% or 75% remaining DPD activity might require smaller dose reductions than suggested by current guidelines: only 25% and 12.5% dose reductions might be sufficient to achieve similar drug concentrations as patients not carrying DPYD variants.
Discussion. Our PBPK model indicates that current dosing guidelines for patients carrying DPYD variants might result in suboptimal 5-FU concentrations. Clinical trials are warranted to investigate the effects of dose reductions for 5-FU in DPYD variant carriers.
