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Background: The current approach to approximating the pharmacokinetics of drugs in patients 
with chronic kidney disease (CKD) only accounts for changes in the estimated glomerular filtration 
rate. However, CKD is a systemic and multi-faceted disease that alters many body systems.  

Objectives: To develop and evaluate a whole-body mechanistic approach to predicting 
pharmacokinetics in patients with CKD.  

Methods: Physiologically-based pharmacokinetic (PBPK) models were developed in PK-Sim v8.0 
(www.open-systems-pharmacology.org) to mechanistically represent the disposition of eight 
compounds in healthy human adults. The compounds selected were eliminated by glomerular 
filtration and active tubular secretion to varying degrees. After a literature search, the healthy adult 
models were adapted to patients with CKD by numerically accounting for local changes in 
glomerular filtration rate, kidney volume and renal blood flow, as well as systemic changes in 
hematocrit, plasma protein concentrations and gastrointestinal physiology. Model performance in 
CKD was evaluated against pharmacokinetic data from literature.  

Results: Integration of the CKD parameterization enabled predictions for clearance and overall 
exposure that were within 1.5-fold error across all compounds and patients with varying stages of 
renal impairment. Clearance was slightly over-estimated in patients with severe CKD for 
compounds that were substrates for renal transporters. A modest improvement was noted over the 
conventional approach, though the difference was most pronounced for acebutolol.  

Conclusions: Accounting for the systemic burden of CKD improves predictions for 
pharmacokinetics in renal impairment. A physiological representation of the local changes in CKD 
enables the pursuit of mechanistic research questions. Further research is required to qualify its use 
for ‘first-in-CKD’ dose selection and clinical trial planning. 

http://www.open-systems-pharmacology.org/
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