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Abstract: Drug-induced cardiotoxicity is one of the primary reasons for drug withdrawal from the market. For a long time, preclinical
cardiac safety assessment has primarily relied on inhibitory testing of human ether-a-go-go-related gene (hERG) potassium currents,
however, this method is limited by high rates of false positives and false negatives. To establish a more precise arrhythmia risk
assessment system, the US Food and Drug Administration (FDA) spearheaded the development of the comprehensive in vitro
proarrhythmia assay (CiPA) paradigm. Recent years, CiPA’s various working groups have continued to refine the system. By
introducing standardisation protocols such as physiological temperatures and standard voltages, the Ion Channel Working Group has
addressed the limitations arising from inconsistencies between preclinical and clinical data, and has established an ion channel data-
sharing platform. The In Silico Working Group simulates ventricular action potentials at physiological temperatures, continuously
optimising models and algorithms, and achieves a more comprehensive risk assessment by incorporating multi-dimensional input
conditions whilst maintaining predictive accuracy. The evaluation system based on human stem cell-derived cardiomyocytes (hSC-
CMs) has demonstrated concurrent improvements in throughput and reproducibility, underpinned by progressively standardised and
matured cell sources. The Electrocardiogram Working Group (ECG) is dedicated to developing and validating novel ECG biomarkers,
exemplified by J-Tpeakc, whilst continually refining the assessment framework through emerging methodologies such as

Concentration-QTc (C-QTc) research and artificial intelligence (Al)-assisted diagnosis. Overall, optimisation of the CiPA system not
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only enhances the accuracy of cardiac safety assessment and reduces R&D costs but also lays the experimental foundation for the

publication of the International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use (ICH)

guidance document E14/S7B Q&A. Nevertheless, factors such as inter-laboratory variability, the limited scope of ion channel

assessments, and the lack of multi-dimensional, multi-organ interaction simulations remain significant challenges to their widespread

adoption. In the future, combining CiPA with Artificial Intelligence and Cardiac Organoids is expected to help address these challenges.

Key words: comprehensive in vitro proarrthythmia assay; cardiotoxicity; preclinical safety assessment; ion channels; in silico; human

stem cell-derived cardiomyocytes
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