Bayesian virtual trials enable precision paediatric dosing across multiple drug classes
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Introduction. Paediatric dosing is highly variable due to age-dependent PK, interindividual differences, and limitations of TDM. Therapies such as antibiotics, antiepileptics, immunosuppressants, and oncology agents require individualisation to balance efficacy and toxicity.
Aims. To refine precision dosing using virtual trials, Bayesian forecasting, and optimal design across multiple drug classes.
Methods. A NONMEM (v7.4) population PK model simulated a virtual paediatric cohort with renal function, clearance maturation, and weight scaling. Monte Carlo simulations estimated PTA for multiple drug classes. Optimal design was used with PopED (R v0.7.0), and PFIM (R v7.0; R ≥ 4.0.0) was employed for validation via D-criterion algorithms. Designs identified informative sampling schedules. Bayesian forecasting was compared with TDM, and virtual trials were simulated to assess first-in-child dosing.
Results. Bayesian forecasting increased PTA from 60–70% with TDM to 80–90%, reducing exposure CV by 20–30%. Antibiotics achieved target exposure in 80–90% of cases, with fewer instances of above-threshold values. Antiepileptics showed more than 70% fewer subtherapeutic exposures and reduced phenytoin accumulation. Immunosuppressants had more time in the tacrolimus range with narrower variability. Oncology agents showed 10–20% higher target attainment and fewer dose-limiting exposures. Optimal designs cut blood draws by 30–50% while preserving precision.
Discussion. Virtual trials, Bayesian forecasting, and optimal design improve paediatric precision dosing, enhancing safety, efficacy, and trial efficiency. This model-informed framework offers scalable strategies from neonates to adolescents and highlights the translational role of pharmacometric modelling in drug development and regulatory science.
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