Layered modeling approaches to lamivudine in lactation: NCA, PopPK, and PBPK Insights
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Introduction. Infant exposure to drugs via breastmilk (BM) may pose a risk to the infant and raise maternal concerns, reducing adherence. Lactation pharmacokinetic (PK) studies characterise plasma-to-breast milk transfer of drugs and identify influential factors. Non-compartmental analysis (NCA), Nonlinear Mixed Effects (NLME), and Physiologically-Based Pharmacokinetic (PBPK) models are used to analyse lactation PK.
Aims. To showcase the advances in understanding of lactation PK of lamivudine using NCA, NLME and PBPK.
Methods. Breastfeeding mothers receiving lamivudine-based HIV treatment were enrolled in two studies: study 1, including thirty-nine participants and study 2 including thirty-five participants. Maternal blood / plasma, BM, and infant blood were sampled at various time points and lamivudine concentrations quantified by LC-MS. In study 1 NCA was undertaken in WinNonLin (Phoenix, version 6.1), whereas study 2 employed NLME modelling in NONMEM 7.4.1.
Results. In study 1, 180 paired maternal blood and BM, and 138 infant blood concentrations were measured, whereas in study 2, 248 maternal plasma, 256 BM, and 151 infant plasma concentrations were measured. In study 1, the estimated Tmax, Cmax, AUC, and Milk-to-Plasma ratio (M:P) were 4 (2-4) h, 674 (637–715) ng/mL, 3644 (2817–3783) ng/mL*h, and 1.65 (1.59–1.92), respectively, for the 150 mg BD dosing and 6 (4-6) h, 908 (772–1015) ng/mL, 5937 (5263–6130) ng/mL*h, and 0.95 (0.82–1.15), respectively, for the 300 mg OD dosing. In study 2, a 1-compartmental model (absorption rate constant: 1.87 h-1, clearance (CL): 19.4 Lh-1 and volume of distribution (Vd): 184 L) characterised the plasma disposition, whereas a first-order plasma-to-breast milk equilibration rate of 0.245 h-1 and M:P of 1.77 described the BM transfer. Interindividual variabilities (% CV) for CL and Vd were 20.9 and 76.4, respectively.  Creatinine clearance and body weight affected CL and Vd, respectively but effects were imprecise.
Discussion. Lamivudine lactation PK was adequately characterised by NCA and NLME with similar M:P ratios. NLME modelling provides a framework to accurately characterise interindividual variability and evaluate influential covariates. A bottom-up PBPK approach is currently being explored to provide additional mechanistic insights into plasma-to-breast milk transfer of lamivudine.
