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From histopathological imaging to molecular prediction:
a multimodal Al-driven paradigm for MSI detection
in colorectal cancer
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Abstract Colorectal cancer (CRC) ranks among the leading causes of cancer incidence and mortality worldwide.
Microsatellite instability (MSI) is a key molecular biomarker with important implications for prognosis
and immunotherapy selection. Although conventional detection methods such as immunohistochemistry,
PCR, and next-generation sequencing have been standardized, they remain limited by high costs,
technical complexity, and inconsistent results. In recent years, artificial intelligence (Al) has shown great
potential in MSI detection by integrating multimodal data that includes histopathological images,
genomic information, and medical imaging to achieve accurate prediction and enable a data-driven

paradigm in oncology. This review summarizes the latest advances in Al-based multimodal modeling for
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MSI detection in CRC, compares different methodological approaches and their translational challenges,

and discusses future directions such as multimodal integration, model generalizability, and

interpretability enhancement, providing new insights for precision medicine.
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Figure 1 Clinicopathological characteristics of MSI in
colorectal cancer
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Figure 2 Applications of AI models in detecting MSI in
colorectal cancer
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Table 1 Al models involved in this review

=5 APy ATFERIZFR
Kather, %1% 2019 ResNet18
Kather, 459! 2020 ShuffleNet
Cao, 207 2020 ensembled patch likelihood aggregation (EPLA)
Yamashita, 2! 2021 MSINet
Bilal, 25! 2021 iterative draw and rank sampling(IDaRS)
Bustos, %! 2021 xDEEP-MSI
Schirris, E 2022 a feature variability-aware variant of DeepMIL
Jiang, Z&71 2022 MIL model
Kim, £E1571 2023 rad_score
Saillard, 27! 2023 MSIntuit
Guo, £ 2023 Swin Transformer
Gerwert, 217 2023 CompSegNet/VGG-Net
Wagner, 257! 2023 Transformer-based biomarker prediction pipeline
Lo, 25177 2024 ViT
Gustay, 27! 2024 ViT-based deep learning model
Nowak, 45! 2024 AIMMeR
Zamanitajeddin, 25! 2024 Cell-SNA MIL framework
El Nahhas, 27! 2025 STAMP
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