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Research objectives
This research aims to develop advanced Federated Artificial Intelligence models, as well as centralized models, for the analysis of medical data, clinical data, and patient-specific data, including spatial transcriptomics and single-cell molecular data, to improve the understanding of tumor heterogeneity and treatment response in precision oncology.

The project will investigate spatially-aware AI architectures capable of modelling cellular organization, tissue-level molecular interactions, and tumor microenvironment dynamics. Particular attention will be devoted to developing graph- and transformer-based models to characterize spatial cellular interactions associated with therapy resistance and disease progression.

The research will also explore multimodal integration strategies combining spatial transcriptomics, molecular profiles, clinical data, and digital pathology to identify predictive biomarkers and clinically relevant tumor subpopulations.
Proposed research activity
The research activity will initially focus on the harmonization and analysis of spatial transcriptomics and single-cell datasets derived from heterogeneous oncology cohorts. Advanced representation learning techniques and transformer-based architectures will be investigated to generate spatially-resolved molecular embeddings capable of capturing tissue organization and cellular states.

In the second phase, Graph Neural Networks (GNNs) and spatial AI methodologies will be developed to model cell-cell interactions, tumor ecosystem organization, and molecular communication patterns within the tumor microenvironment. The project will investigate how spatial molecular configurations correlate with treatment response, tumor evolution, and resistance mechanisms. Finally, multimodal federate, as well as centralized, AI models integrating spatial molecular information with histopathological whole-slide images (WSIs), clinical and medical data, and drug repository information will be developed to improve patient stratification and treatment response prediction. The research will leverage HPC infrastructures available at UNIMORE (AI center), CINECA, and the HPC National Center and will be carried out in collaboration with international research centers.
Supporting research projects (and Department)
Department of Engineering Enzo Ferrari (DIEF), University of Modena and Reggio Emilia. The research group is involved in several funded and non-funded research projects in the fields of Artificial Intelligence, healthcare data analysis, digital medicine, and multimodal clinical data integration.

Possible connections with research groups, companies, universities.
University of Helsinki, University of Copenhagen, BSC, EMBL, Heidelberg University, IRB Barcelona, MIT Boston University, ETH Zurich, Curie Institut, Università Campus Bio-medico di Roma, Università di Catania, Università di Cassino, Università di Bologna, DiaSorin S.p.A, CGM Telemedicine.
 (*) optional

(**) optional/to be completed in the second year  
