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Description of the Project (max 3,000 characters including spaces)

Background/gap of knowledge
Artificial Intelligence (AI) in oncology faces a severe "reproducibility crisis." Despite its promise in 
personalizing treatments, many predictive models fail to meet the rigorous methodological 
criteria required for clinical adoption, creating a dangerous gap between algorithmic 
performance (often overfitting) and clinical utility. International consortia have released "Gold 
Standards" like PROBAST+AI (assessing Risk of Bias) [ref. 1] and TRIPOD+AI (validation standards)
[ref. 2] to address this. However, manual application of these guidelines is unfeasible due to 
literature volume and model complexity. Current automated tools rely on stochastic Natural 
Language Processing (NLP), which suffers from "hallucinations" and lacks the formal logical 
reasoning required to detect subtle methodological flaws like data leakage or look-ahead bias
[ref. 3, 4].
Rationale and hypothesis
This project hypothesizes that a Neuro-Symbolic (Ne-Sy) Multi-Agent System can overcome the 
limitations of pure Generative AI in automating compliance verification [ref. 5]. Ne-Sy 
architectures merge the semantic understanding of neural models (System 1) with the logical 
robustness of formal reasoning systems (System 2). By hybridizing neural perception with 
symbolic logic, the system will effectively automate methodological audits of highly complex 
clinical AI models. This approach will shift Medical AI from an opaque "Black Box" to a transparent 
"Glass Box" paradigm, providing rigorous validation for critical oncology workflows.
Objectives and specific aims
The project will be carried out at the San-Raffaele AI Center (S-RACE) of UniSR, and will leverage 
on the AI platform [ref. 6-8] developed in partnership with Microsoft, and in collaboration with the 
company Relatech, SpA, sponsor of the fellowship.
The primary aim is to develop a Ne-Sy Multi-Agent System to automate methodological audits. 
Specific objectives are:
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1 - Logical Formalization: Translating the discursive domains of PROBAST+AI and TRIPOD+AI into 
computable logical constraints and formal rules.
2 - Controlled Neural Perception: Exploiting LLM/VLM modules to extract multimodal "facts" from 
scientific papers (text, tables, survival curves) preserving information.
3 - Hybrid Inference Engine: Implementing a symbolic reasoning engine that uses extracted facts 
to verify formal rules and detect methodological contradictions (e.g., statistical inconsistencies).
4 - Clinical Application: Validating the framework on specific predictive models for Metastatic 
Colo-Rectal Cancer (MCRC)(RECOLMET study) and Non-Small Cell Lung Cancer (NSCLC)(AI-HOPE 
study) [ref. 9].
5 - Explainability (XAI): Ensuring every automated "Risk of Bias" judgment is justified by an explicit 
logical trace.
Expected outcomes
The project will deliver an Auditable Validation System capable of automatically assigning 
PROBAST+AI and TRIPOD+AI compliance scores to digital oncology clinical papers. It will produce 
a comparative study offering empirical evidence that Ne-Sy architectures outperform standard 
Generative AI in detecting methodological flaws guarantying traceability. Ultimately, applying 
this automated audit loop will enhance internal clinical knowledge and procedural validity for 
MCRC and NSCLC studies, increasing their likelihood of successful clinical translation.

Skills that the student should acquire (max. 600 characters including spaces):

1. Knowledge Engineering: Translating clinical guidelines into computable logical 
constraints.

2. Agentic AI Architecture & Development: Coding Multi-Agent Systems by integrating 
neural perception modules (fine-tuning LLMs/VLMs) with deterministic symbolic logic 
solvers.

3. Validation & Benchmarking: Designing robust experimental frameworks to evaluate
automated AI audits against human expert reviews.

4. Explainable AI (XAI): Advancing Trustworthy AI by generating explicit logical traces for 
automated decisions.
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