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Introduction



Highlights

❑ Multi-scale decision framework: Multi-omics–driven precision medicine (MODPM) is not merely multi-

omics data integration, but rather a multi-level decision architecture that integrates molecular, tissue, and 

patient layers, shifting from static molecular classification to dynamic diagnosis and treatment, and 

translating multi-level biological information into clinical decisions.

❑ AI empowerment: Artificial intelligence provides representation learning, cross-modal fusion, and 

perturbation modeling capabilities for multi-omics and clinical data, making complex biomedical data truly 

“computable and predictable.”

❑ Reshaping clinical diagnosis and treatment: Multi-omics can facilitate target prioritization, 

mechanistic validation, patient enrichment, treatment-response assessment, and mechanism-based 

intervention, with broad applications in oncology, autoimmune, cardiometabolic, and renal–metabolic 

diseases.

❑ Clinical translation challenges: The future development of MODPM still requires overcoming data 

heterogeneity, biological complexity, and clinical implementation bottlenecks, while properly addressing 

core challenges such as equity, privacy protection, and data governance.



An integrated conceptual framework for multi-omics–driven precision medicine



A landscape of multi-omics–driven precision medicine



Evolution of artificial intelligence approaches for multi-omics modeling



Architectural framework of AI-driven multi-omics modeling



Multi-omics in drug development



Multi-omics approaches for elucidating tumor biology



Multi-omics in precision oncology



Multi-omics in autoimmune disease stratification and therapy



Multi-omics in cardiometabolic disease stratification and intervention



Multi-omics in renal–metabolic disease management



Challenges and future directions of multi-omics–driven precision medicine



Conclusion

❑ Multi-scale integration framework: MODPM integrates genomics, epigenomics, transcriptomics, 

proteomics, metabolomics, microbiome data, and clinical context into a multi-scale clinical decision-

making framework.

❑ Mechanism–phenotype association: Core value of MODPM lies in linking molecular heterogeneity 

to interpretable mechanisms, disease subtypes, treatment response, and longitudinal monitoring.

❑ AI and foundation model empowerment: Supports cross-modal representation learning, contextual 

modeling, perturbation prediction, and AI virtual cell simulation.

❑ Major application areas：MODPM is reshaping drug development and precision medicine models in 

oncology, autoimmune diseases, cardiometabolic diseases, and renal–metabolic diseases.

❑ Clinical translation：Requires standardized workflows, diverse research cohorts, external validation, 

explainable AI, cost control, privacy protection, and ethical compliance.

❑ Actionable individualized decisions ： MODPM provides a pathway for transforming 

multidimensional biological data into actionable, adaptive, and patient-specific clinical decisions.
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