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Abstract
Background Colorectal cancer (CRC) is the third most common cancer globally and the second leading cause of
cancer-related deaths. In 2020, an estimated 1.93 million new CRC cases and 940,000 CRC-related deaths were
reported worldwide. In China, 560,000 new cases accounted for 28.8% of the global total, with 290,000 deaths rep-
resenting 30.6% of CRC-related fatalities. Precision oncology for CRC necessitates the assessment of multimodal
biomarkers, including microsatellite instability (MSI), tumor mutational burden (TMB), and mutations in the BRAF
and RAS genes. However, the high costs, prolonged processing times, complex procedures, and the requirement for
advanced laboratory infrastructure hinder timely and accurate clinical decision-making. This study aims to develop
and assess interpretable ensemble deep learning for predicting prognosis and four biomarkers (MSI, TMB, RAS and
BRAF mutations) using electronic health records (EHR).

Method We utilized a large genomic and clinical database from the ChangKang (Healthy Bowel) project, comprising
1,015 CRC patients from the Chinese population between 2017 and 2021. The database includes information relevant
to early screening, diagnosis, prognostic evaluation, postoperative recurrence monitoring, individualized treatment,
efficacy evaluation, and drug resistance analysis. Patients were categorized into “high-risk” and “low-risk” groups
based on sequencing data and overall survivor (OS). We integrated state-of-the-art foundation language models for
medical language to analyze the semantic features of EHR and constructed an ensemble deep learning model using
multi-scale feature fusion. A 10-fold cross-validation strategy was implemented to split the cohort for model training
(914 patients) and evaluation (101 patients).

Findings Our study demonstrated that patients can be stratified into high-risk and low-risk groups using ensemble
deep learning. The model achieved an average accuracy of 96.83% (95.33%-98.71%) and an average F1-score of
96.83% (95.23%-98.75%) in predicting MSI, an accuracy of 97.16% (94.52%-98.67%) and an F1-score of 97.16%
(94.55%-98.67%) in predicting TMB, an accuracy of 97.10% (94.44%-100.00%) and an F1-score of 97.12% (94.51%-
100.00%) in predicting BRAF mutation, a lower accuracy of 73.49% (71.18%-76.28%) and an F1-score of 73.91%
(71.73%-76.82%) in predicting RAS mutation. The OS prediction showed an accuracy of 87.78% (83.33%-88.89%) and
an F1-score of 87.98% (85.71%-88.89%). Notably, the model dynamically adjusted the contribution of input data
according to the prediction task, with pathological grade being the most significant factor across all five tasks.

Interpretation Our findings indicate that interpretable ensemble deep learning can robustly predict multimodal
biomarkers and mortality risk of CRC patients, which is beneficial to improve diagnostic accuracy, treatment
planning, and patient stratification. Notably, our model provides interpretable insights into the associations between
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the input data and the prediction outcomes, enabling clinicians to intuitively understand the rationale behind the
model’s predictions and assess their reliability.
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