Factors affecting PK variability of small molecule and peptide drugs used in CKD
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Introduction. Chronic kidney disease (CKD) alters drug PK through multiple pathophysiological mechanisms. Challenges in evaluating PK in CKD, including limited feasibility of dedicated renal impairment studies often lead to conservative product labelling.
Aims. To identify factors contributing to PK variability in small molecule and peptide drugs, approved for use in people with CKD. 
Methods. Drugs@FDA regulatory documents were reviewed. New Drugs Applications (NDAs) approved from January 2015 - September 2025 were screened for small molecules or peptides with systemic activity and CKD relevant indications.  PK data were extracted from ADME summaries, mass‑balance studies, renal‑impairment studies, and population PK (pop PK) models and independently verified by two reviewers.
Results. Of 337 NDAs, 11 met inclusion criteria. PK variability was influenced by drug-specific distribution, elimination pathways and physicochemical properties. Stable plasma protein binding (concentration independent albumin and concentration dependent α‑1‑acid glycoprotein binding) resulted in minimal changes in unbound fraction (fu) in CKD and reduced PK variability (e.g. sparsentan). Drugs primarily cleared renally showed large (4-fold) exposure increases in severe renal impairment (e.g. migalastat). For metabolised drugs, CKD‑associated reductions in CYP3A4 and P‑glycoprotein activity increased exposure (e.g. sparsentan, voclosporin, finerenone), impaired enterohepatic recirculation decreased exposure, while non-liver specific glucuronidation was preserved (e.g. atrasentan). Peptides cleared predominantly by proteolysis, showed the lowest variability (e.g. semaglutide). Pop PK covariates included renal function, bilirubin, and alkaline phosphatase (apparent clearance); dialysis status (absorption rate constant), and disease state (apparent clearance and volume of distribution). 
Discussion. Factors identified across drug classes highlight mechanisms contributing to PK variability in CKD. Lower PK variability is favoured by compounds with stable protein binding, limited renal excretion, and metabolic pathways that are minor or non‑liver‑dependent.
