Integrating PBPK/PKPD with the C-Immsim Agent Based Model for Tuberculosis therapy
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Introduction: TB treatment outcomes depend on drug levels in lung tissues and on immune response. Standard PK/PD models link plasma exposure to average kill but ignore phenotype-specific exposure and concurrent immune effects. We couple a physiologically based pharmacokinetic (PBPK) model [1] and a PKPD module [2] with the agent-based immune simulator C-ImmSim [2] to link dosing to phenotype-level effects.
Aims: Model drug effects for different Mtb phenotypes and quantify the relative contributions of drug and immunity.
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Methods: The PBPK model provides concentrations in extracellular water, intracellular water and lesion-adjacent spaces; profiles are averaged to the ABM’s time step and applied as state-specific kill probabilities (see figure). Symptomatic virtual patients are simulated under rifampicin 600 mg monotherapy for 8 weeks. The Approximate Bayesian Computation method is used to calibrate the system parameters. 
Results: The coupled framework generated coherent exposure gradients and preliminary bacterial-load trends consistent with historical monotherapy. The integration of these models enables the estimation of the effect of RIF on different Mtb phenotypes and quantify the IS role in controlling TB infection under treatment. 

Discussion: Mapping PBPK-derived exposure to phenotype-specific kill within C-ImmSim links dosing to mechanistic clearance while accounting for immune effects. Future work will focus on advanced calibration and multidrug therapy simulations to reproduce real patient data from standard treatment regimens.
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