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Proposed Title of the research: 

Sviluppo di tecniche deep learning basate su Graph Neural Networks per l’integrazione di dati eterogenei e multiscala
Development of deep learning techniques based on Graph Neural Networks for the integration of heterogeneous and multiscale data
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Research objectives: --(max 10 rows)
Graph Neural Networks (GNNs) are powerful tools for leveraging graph-structured data in machine learning. They can perform prediction tasks at the node, edge, and graph levels.

Medical data, such as multi-resolution Whole Slide Images (WSI), molecular data, clinical data, drugs, and ontologies, can be analyzed in a graph or multi-graphs structure to highlight meaningful features and relationships among data and perform classification and prediction tasks.

As an example of application, in Europe, over 40 000 women die of ovarian cancer every year: identifying a new predictive method for treating ovarian cancer remains an urgent unmet medical need. For this purpose, multi-resolution whole slide histological image analysis could be a relevant but complex task due to the memory print. Moreover, patch-based methods introduce label noise by assuming that each patch is peculiar to the same label as the WSI and neglect the overall WSI-level information. In this context, deep learning methods able to construct a graph-based representation of a WSI combining multiple resolutions could be an effective tool.

In the complex, this research topic aims to develop novel deep learning methods leveraging multi-graph neural networks, dealing with graph coarsening to reduce the graph size while maintaining essential properties, and knowledge representation learning for various applications such as link prediction, entity recognition, clustering, and relation extraction.

During the research project, cutting-edge techniques in deep learning will be used to generate models that could be easily extensible to novel classification and prediction tasks.
Proposed research activity -- (max 10 rows)

The project aims to develop deep learning techniques for analyzing biological images. The developed methods will include models for self-supervised feature extraction, clustering, graph-coarsening, classification, and explainability. Together with consolidated deep learning approaches, new deep learning architectures will be explored and designed to account for local and global information, spatial and semantics patterns, and multiresolution information. Among the others, graph attention neural networks and visual transformers will be the leading deep learning architecture explored.
The research will be carried on in collaboration with European partners and will benefit of HPC facilities at Unimore and at the CINECA and HPC National Center. Part of the research will be done abroad in EU or extra-EU research centers.

Supporting research projects (and Department)
Improved decision-making for ovarian cancer treatment [DECIDER - Grant agreement ID: 965193]
SOCIETAL CHALLENGES - Health, demographic change and well-being
Possible connections with research groups, companies, universities.
University of Helsinki, Heidelberg University, IRB Barcelona, MIT Boston University, ETH Zurich.
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