AI–powered pharmacometrics: Integrating NAMs and mechanistic modeling to shape future of MIDD
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Introduction. Artificial intelligence (AI) is transforming pharmacometrics by integrating data-driven algorithms with mechanistic approaches such as physiologically based pharmacokinetic (PBPK) and population PK models. In Korea, modeling and simulation has supported regulatory submissions across diverse therapeutics, and emerging modalities now require advanced PK/PD frameworks that can benefit from AI integration.
Aims. To highlight how AI-enabled pharmacometrics modeling addresses challenges of new modalities, supports model-informed drug development (MIDD), and provides an AI-expandable foundation for biologics development.
Methods. Applications of AI in pharmacometrics were reviewed across top-down and bottom-up approaches. In population modeling, AI enables automated covariate detection, parameter estimation, and model selection. In PBPK, AI improves parameter prediction and supports digital twin development using organoid and microphysiological system data. A semi-mechanistic PBPK model framework was established as an AI-expandable foundation for biologics development.
Results. AI integration improved predictive efficiency, and decision support, enabling non-animal, human-centered development aligned with global regulatory initiatives. Using the semi-mechanistic model framework, key insights into dose–response relationships and translational challenges were identified, and through AI training, a class-specific AI-empowered model framework was proposed to extend these insights across similar biologics.

Discussion. Strategic integration of AI with pharmacometrics accelerates MIDD and expands its impact to complex modalities such as biologics. The proposed AI-empowered framework demonstrates how accumulated in vitro and clinical data within a class can be utilized to guide biologic development. Its successful implementation will also require multidisciplinary collaboration among pharmacometricians, data scientists, and regulators.
