Dose Optimisation of Anakinra in Preterm Neonates using Mechanistic Population Pharmacokinetic Approaches 
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Introduction. Anakinra, an interleukin-1 receptor antagonist, is a promising candidate for use in preterm neonates to prevent or treat inflammation-driven morbidities, including bronchopulmonary dysplasia and diffuse white matter injury. However, the pharmacokinetics (PK) of anakinra have never been characterized in preterm neonates, who undergo rapid physiological changes in organ size, perfusion & function, limiting evidence-based treatment. 
Aims. To develop a population PK model of anakinra in preterm neonates to inform optimal dosing strategies, accounting for age-related physiological changes.
Methods. A population PK model using a nonlinear mixed-effect model was developed from blood concentration, clinical and demographic data collected in the Anakinra Pilot trial (NCT05280340). In this Phase I/IIa trial, anakinra was administered intravenously across a 21-day period to preterm neonates (24-28 weeks gestational age). An optimal dosing regimen was then developed using simulations from the final covariate model, which incorporated a direct effect model (Emax, IC50) for efficacy, and target exposure (AUC0-24h) range for efficacy and safety (Figure 1).
Results. A one-compartment model with linear elimination incorporating a baseline model for endogenous IL-1Ra concentrations best described the data. Allometric scaling applied to clearance (CL) and volume of distribution (V), with maturation included on CL. Estimated CL and V were 3.97 L/h/70kg and 28.9 L/70kg. At birth, CL was ~45% of the maximal postnatal values, achieving 100% by day 10 postnatal age (PNA). The optimal dosing regimen for efficacy and safety identified via simulation was 0.6 mg/kg 12 hourly at birth, 0.8 mg/kg 12 hourly on PNA day 1, 1.0 mg/kg 
12 hourly from PNA days 2 to 3 and 1.15 mg/kg 12 hourly from day 4 onward. 
Discussion. The population PK model for anakinra provides a critical understanding of small therapeutic protein PK in premature neonates, as well as a dosing strategy to guide further Phase II and III clinical trials.
