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1. Background
Chemotherapy-related cardiac dysfunction (CTRCD) ranks as the third leading cause of
death among cancer patients. While human iPSC—derived cardiomyocytes (iPSC-CMs) have
advanced arrhythmia risk assessment, predicting drugs causing cardiac pumping
dysfunction at the discovery stage remains an unmet need. This study aimed to develop
an artificial intelligence (AI) model for spatio—temporal analysis of cardiomyocyte
“beating dynamics” to detect contraction/relaxation abnormalities, and to establish
a system for predicting candidate anticancer drugs with CTRCD risk and evaluating
cardioprotective strategies.
2. Research Methods and Results
Optimization of Cell Experimental System: We seeded human iPSC-CMs on micropatterned
culture plates with striped adhesive/non-adhesive regions, developed in our laboratory,
and optimized seeding density and culture duration for risk evaluation. We confirmed
robust cell structure alignment and contraction direction along the long axis of
adhesive regions in all tested iPSC-CM lines. Compared to conventional dissociated
culture, conventional parameters (e.g., maximum velocity, and deformation distance at
contraction or relaxation state) were significantly improved, establishing a functional
in vitro environment closer to 7m vivo cardiac tissue.
Single—Beat Data Extraction and Preprocessing Pipeline: Using high—speed camera video
(150 fps), we developed an OpenCV/CuPy-based preprocessing algorithm. From these
vectors, we calculated conventional parameters and confirmed that the obtained values
closely matched those previously generated by existing commercial platforms, whose
development has ceased. Thus, our approach not only validates the algorithm’ s accuracy

but also addresses the critical need created by the absence of active development and
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support for current commercial systems. Additionally, the pipeline demonstrated
stronger robustness against illumination variations, and automated ROI segmentation
simplified the analysis, further enhancing its practical applicability.

Drug Response Profiling: We profiled a range of drugs, including known CTRCD agents,
cardioprotectants, and heart failure therapeutics, across multiple doses and exposure
times. From acquired video data, we calculated single-beat motion vector data and
conventional evaluation parameters. A CNN model trained on motion vectors outperformed
models based on conventional parameters in discriminatory accuracy. Furthermore, co—
treatment with Neuregulin—1 markedly improved the detection sensitivity for trastuzumab,
which showed limited sensitivity when treated alone.

Construction of a Deep Learning Model for Detecting CTRCD Risk Drugs: We built a
three-stage ensemble CNN model: single-beat classification (normal/abnormal),
aggregation of beat—level results, and integration of multiple ROI results. Validation
on over 10,000 drug-treated videos achieved an ROC-AUC of 0.891 and 87.5% overall
accuracy, confirming high CTRCD risk detection performance.

3. Significance

This study is pioneering in accurately quantifying iPSC-CM contraction-relaxation
dynamics as motion vectors and establishing a multi—stage AI model for detecting drugs
with CTRCD risk. Importantly, the analytical pipeline developed here provides a
reliable alternative to existing commercial platforms, whose development and technical
support have ceased. Thus, our platform fills a critical gap, offering robust,
reproducible, and actively supported methodologies for both fundamental cardiovascular

research and early-stage drug discovery pipelines.



