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Medical knowledge [1,2] is available in different forms: textual (e.g., clinical practice guidelines (CPGs), PubMed
articles, and systematics reviews), structured (e.g., ontologies, knowledge graphs), and knowledge from experience
(e.g., clinical practice, discussions). This knowledge is important for clinicians that use it for diagnosis, treatment,
researchers for building models like ontologies and Al systems, etc. However, take advantage of this knowledge in
daily clinical practice faces several problems [3]: i) volume and complexity (guidelines are long textual documents,
making their interpretation difficult in clinical practice), ii) contextual gaps (guidelines do not give recommendations
for all patients), iii) contradictions and inconsistency between guidelines, and iv) lack of comprehension (guidelines
are not always well understood by clinicians, posing a risk of non-adoption).

Recent advances have shown the growing use of Large Language Models (LLMs) in the medical domain to perform
various tasks such as automating information extraction from long textual documents, suggesting treatments, and
answer questions by the application of various prompting techniques [4]. This makes them promising tools for use in
decision making, but they suffer from hallucinations, logical inconsistencies, and lack of contestability and
explainability, particularly when faced with highly complex clinical reasoning (LLMs often make unfaithful reasoning,
i.e., the derived output does not follow the generated reasoning steps [5,6]. In [7,8], conducted studies have revealed
that LLMs are currently not ready for autonomous clinical decision-making and highlighted the need for continued
research and collaboration between healthcare professionals and computer scientists to ensure safe, ethical, and
effective deployment of LLMs in clinical practice.

The aim of this PhD thesis is to is to develop methods based on LLMs and formal argumentation to (1) extract,
structure, and formalize knowledge of CPGs in the form of argumentation system and (2) use the obtained system for
making decisions. The concept of argumentation [9] draws inspiration from the argumentative nature of human
reasoning (in guidelines, recommendations are typically supported or justified by arguments). Argumentation offers a
structured, transparent, and explainable framework for handling conflicting knowledge and evidence through the
explicit modelling of supporting and attacking arguments. By combining the natural language understanding
capabilities of LLMs with the rigor of argumentation theory, the approach aims to generate explainable, robust,
logically grounded recommendations for clinicians. This synergy enables not only the identification of relevant
arguments and counterarguments within CPGs but also supports transparent decision-making aligned with clinical
evidence and reasoning principles.

The key objectives are to address the following challenges:

1) Knowledge Extraction and Formalization from CPGs: The aim is to design methods leveraging LLMs to extract,
structure, and formalize medical knowledge from CPGs. The main challenges are: i) Extracting clinically relevant
knowledge, including recommendations, arguments, and preferences from unstructured and heterogeneous textual
CPGs, ii) Capturing logical dependencies, contextual conditions, preferences, and argument structures that underpin
these recommendations, and iii) Translating the natural language outputs of LLMs into formal argumentation graphs.
The methodology will focus on: i) Selecting LLM architectures with strong performance in medical tasks (e.g ,
BioGPT, Mistral/Mixtral) and developing methods suitable for the targeted extraction of recommendation components,
i) Using symbolic methods such as semantic parsing and ontology mapping to transform LLMs outputs into structured
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knowledge suitable for formal reasoning and iii) Developing hybrid representations that explicitly link unstructured
textual evidence from guidelines to argumentation framework that allow formal reasoning and explainability. Our
hypothesis is that integrating the descriptions of argument schemes [10] in the prompts may help LLMs in identifying
key knowledge.

Given the diversity of existing argumentation frameworks, which differ in expressive power and evaluation strategies,
it is necessary to identify the most appropriate formalisms for clinical applications

2) Formal Argumentative Reasoning: The objective is to implement the reasoning process of the generated
argumentation framework capable of evaluating, comparing, identifying potential conflicts and ensuring logical
consistency with established medical knowledge. Our objective here is to implement semantics that allows quantifying
arguments and recommendations in the spirit of gradual semantics of QuAD systems [11]. This allows rank order the
set of recommendations which makes explanations complete and justifiable.

3) Generating and verbalizing explanations: The objective is to produce and verbalize explanations in natural
language. The main challenges here are: i) Generating faithful explanations that reflect the reasoning steps of the
argumentation reasoning and ii) Adapting the level of explanation following the user profile and needs. Our
methodological approach consists in: 1) Designing an explanation model including symbolic explanations derived from
argumentation framework, and LLM-based natural language verbalization, ii) Training or prompting LL.Ms using
structured reasoning traces as input to ensure alignment with the underlying logic, and iii) Evaluating explanation
quality using human-in-the-loop protocols (expert review, trust and usability assessments).

4) Clinical evaluation: The aim is to evaluate the proposed system, assessing its accuracy, interpretability, usability
and trustworthiness in a simulated clinical contexts. This includes two evaluations: i) Comparison between the expert-
produced test datasets (including medical questions, arguments and decisions) with argument graph produced by the
system, ii) Simulation trial for evaluating the proposed system with physicians, on the basis of fictitious clinical cases.
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