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Abstract

This paper describes the development of an Al-driven decision-making support system designed to assist health-
care professionals in managing pharmacological prescriptions and drug interactions, with a focus on cardiovascular
diseases. The system utilizes Tiny Language Models (TLMs) to improve patient safety, treatment effectiveness,
and reduce medication errors. The main objective is to symbiotically support the healthcare professionals by
leveraging the artificial intelligence system’s ability to rapidly and precisely retrieve and extract information.
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1. Introduction

This article aims to describe the methodological framework underlying the development of a task-
oriented decision-making support system based on a Language Model (LM), designed to assist healthcare
professionals in the analysis and management of prescriptions and drug interactions, with the goal of
improving patient medical care.

The application domain of the case study —namely, cardiovascular implications of cancer therapy
(cardiotoxicity and heart failure)— was selected due to its significance and widespread impact. In fact,
its prevalence in Italy is considerable, representing one of the leading causes of morbidity and mortality.
Indeed, the Italian National Institute of Health (ISS) reports that cardiovascular diseases account for
35% of all deaths in the country. Furthermore, the risk of drug interactions is directly proportional to
the number of medications taken by the patient, and the most frequent interactions involve precisely
those drugs that are most commonly used, such as medications for cardiovascular diseases.

The decision-making support system is currently under development within the framework of the
SICURA project (SymblotIC Al for drUg inteRactions Assessment), proposed by Dahlia Srl and Qwince
Innovation Srl. The project was selected as a winner of the Cascade Call under Spoke 6 “Symbiotic AI”,
coordinated by the University of Bari “Aldo Moro”, within the “Future Artificial Intelligence Research”
(FAIR) initiative.

Among the general objectives of the SICURA project is the goal of improving patient safety by
reducing the risk of side effects, enhancing treatment effectiveness, and mitigating potential risks
associated with errors in the management of drug interactions. The main objective is to symbiotically
support the healthcare professionals by leveraging the artificial intelligence system’s ability to rapidly
and precisely retrieve and extract information, thus reducing search times and improving the therapeutic
decision-making process.

Specifically, the project aims to:

Ital-IA 2025: 5th National Conference on Artificial Intelligence, organized by CINI, June 23-24, 2025, Trieste, Italy
*Corresponding author.

"These authors contributed equally.

& rmanna@dahliasrl.it (R. Manna); gsperanza@dahliasrl.it (G. Speranza); mpdibuono@unior.it (M. P. di Buono);
gianmarco@qwince.com (G. Troia); giovanni.vizzini@qwince.com (G. Vizzini)

® 0009-0006-6285-8557 (R. Manna); 0000-0002-9249-492X (G. Speranza); 0000-0001-7284-6556 (M.P. di Buono)

© 2025 Copyright for this paper by its authors. Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).
5


mailto:rmanna@dahliasrl.it
mailto:gsperanza@dahliasrl.it
mailto:mpdibuono@unior.it
mailto:gianmarco@qwince.com
mailto:giovanni.vizzini@qwince.com
https://orcid.org/0009-0006-6285-8557
https://orcid.org/0000-0002-9249-492X
https://orcid.org/0000-0001-7284-6556
https://creativecommons.org/licenses/by/4.0/deed.en

+ Improve pharmacological management: The symbiotic Al system is intended to support and
enhance the pharmacological management of patients with cardiovascular problems, assisting
healthcare professionals in identifying more effective and safer therapies to reduce the risk of
complications.

+ Reduce prescription errors: The system aims to minimize prescription errors through data analysis
and artificial intelligence, ensuring that patients receive the correct therapy and the appropriate
dosage.

+ Optimize therapy: The system should be able to optimize drug therapy for each patient, taking
into account individual medical and personal needs, comorbidities, and personal responses to
medications.

« Improve quality of life: Optimized pharmacological management combined with effective preven-
tion of cardiovascular complications is expected to improve patients’ quality of life by reducing
disease burden and enhancing overall well-being.

+ Reduce healthcare costs: The system will eventually lead to long-term reductions in healthcare
costs, decreasing the need for expensive medical interventions and hospitalizations.

2. Methodology

The initial phase of the SICURA project includes studies and activities focused on modeling the human
agent and the virtual patient, aimed at better defining the medical sub-domain for experimentation and
the informational needs of healthcare professionals, as well as the parameters of the medical profile
and the therapeutic needs of patients.

Additionally, the prototyping of the LM-based decision-making support system and its optimization
are planned. Finally, a testing phase is foreseen. However, the testing of the medical prescription
support model will not take place in a real clinical environment with actual patients. Instead, it will be
conducted using laboratory data based on electronic health records and virtual patients.

2.1. Modeling the Human Agent

In the human agent modeling phase —which represents the decision-making support system in charge of
supporting the healthcare professional in the pharmacological management— an analysis is conducted
on the requirements, needs, and activities performed by healthcare workers during their daily drug man-
agement. This analysis is carried out through interview techniques and workflow analysis. Specifically,
modeling a human agent that represents a healthcare professional managing a patient’s medication
requires an approach that captures the complexity of decision-making processes. Furthermore, it has
to manage pharmaceutical domain knowledge and adherence to national and international clinical
protocols and guidelines.

For the purposes of this project, a hybrid methodological approach has been chosen by combining
neural architectures with symbolic representation models such as ontologies and knowledge graphs. This
approach includes the process of knowledge injection of information from domain-specific databases
and Italian-language curated linguistic resources, such as those developed by Manna et al. [1], to perform
the fine-tuning of the LM for the identified subdomain. Additionally, the model’s capacity to manage
drug interaction information and identify potential correlations will be preliminarily optimized through
targeted training. This training is aimed at teaching the model to appropriately allocate computational
reasoning abilities without direct user feedback, using techniques such as Policy Optimization (PO)
[2, 3]. This methodology ensures the enhancement of the system’s capabilities through an approach that
integrates Retrieval-Augmented Generation (RAG), Chain-of-Thought (CoT) reasoning, and function-
calling strategies. The adoption of this unified framework allows for the integration of reasoning
capabilities by leveraging the symbolic representation of knowledge and domain-specific expertise
required to support the human healthcare professional’s decisions.



2.2. Modeling of the Virtual Patient

The modeling of virtual patients aims to establish a structured framework for representing clinical
profiles by leveraging synthetic data derived from real patient records. This approach enables the
creation of realistic clinical scenarios, producing virtual patients with coherent medical histories and
characteristics closely resembling those of actual individuals [4, 5].

This information includes:

+ Age, sex, primary disease, and any associated conditions or comorbidities,

« Allergies (e.g. to food or medication),

+ Smoking and alcohol use,

« Relevant medical history (past illnesses, previous surgeries, family history of cardiovascular
disease and diabetes), and medication history,

+ Clinical presentation at the time of medical evaluation (general condition, sensorium status,
significant signs and symptoms),

« Nutritional status, weight and height, BMI,

+ Ongoing therapy (drug, dosage, schedule, duration, reason, evaluation of response),

« Laboratory data available in the medical records (renal function, liver function, coagulation
parameters).

The types of patients and the subsequent experimentation are quite heterogeneous, while the clin-
ical problem to be addressed is restricted to the sub-domain of cardiovascular system diseases. The
prototyping phase focuses on the cardiovascular implications of cancer therapy (cardiotoxicity and
heart failure). Representative data of typical clinical and therapeutic situations for patients treated
with Bevacizumab and Trastuzumab are therefore being created (based on real patient profiles). Indeed,
patients undergoing chemotherapy with these drugs often have complex treatment regimens involving
multiple active substances. Subsequently, the interaction of the chemotherapeutic drugs with other
medications by the patient will be examined, highlighting any potential risk areas. Following this,
synthetic data will be generated to validate the model. During the prototyping phase, prototypical
virtual patients will be generated using LM that leverages the information from the previously defined
clinical profiles. An ethical approach will be applied, incorporating de-identification and anonymization
techniques when necessary [6, 7], in order to prevent personal data leakage from the models.

2.3. System Prototyping

The results of the human agent and virtual patient modeling are used to create a dynamic list of all
the requirements, functionalities, modifications, and improvements that need to be developed for the
decision support system. The virtual patient model and the human agent model/decision-making
support system will be integrated in order to provide personalized outputs tailored to the human
healthcare professional queries, based on the needs of the virtual profiles, also leveraging information
retrieved from external resources. The creation of the decision-making support system is based on a
LM trained on domain-specific knowledge bases, leveraging recent methods such as RAG [38, 9, 10].

For the tuning of the decision support model, the experimentation will primarily focus on Tiny
Language Models (TLMs) such as LLaMA, Mistral, as well as Minerva, the first Italian language model.
These models offer advantages in terms of energy efficiency and easier integration into other platforms.
In this specific case, various TLMs will be considered to simulate the role of patients during medical
consultations in order to assess the predictive capabilities of the system. The TLM, interfacing with a
drug database, must identify potential interactions between prescribed drugs and other medications or
supplements taken by the patient, generating an alert for the healthcare professional.

TLMs offer several specific advantages when applied to a virtual human agent (chatbot or support
system) for managing drug prescriptions, particularly in contexts where computational resources
are limited or when privacy is a priority. Their reduced hardware requirements —due to their lower
complexity— enable faster response times and higher inference speeds. This is crucial in this domain, as it



ensures smooth and responsive interaction, which is essential when patients or healthcare professionals
need immediate access to information. Additionally, TLMs are also suitable for scalability. In terms of
data privacy and security, TLMs allow for on-premise deployment, since they can easily operate within
the infrastructure of healthcare organizations, which may also be not very powerful. They also support
federated learning processes, which enable the model to learn from data distributed across different
devices or servers without ever centralizing raw data. Moreover, another important aspect is that TLMs
can be trained on smaller datasets with fair and satisfactory results.

Finally, the adoption of TLMs is also driven by the need for efficient fine-tuning with limited resources,
the necessity of integration with systems managing healthcare profiles, and the importance of making
the model’s reasoning criteria understandable and interpretable. As such, the quality of the training set
emerges as a critical factor for the project’s success.

3. Conclusion and Future Work

The symbiotic Al-based decision-making support system represents a potential solution to assist
healthcare professionals in pharmacological management, since it aims at improving the quality, safety,
and efficiency of healthcare services. This is primarily due to its ability to access different sources of
information and its capabilities in continuous learning. The implementation of such an agent requires a
multidisciplinary approach involving clinical, technological and ethical expertise. Therefore, a prudent
and collaborative approach must be adopted, also with the active involvement of healthcare professionals
and patients. Considering that the project includes a validation phase, further steps will be taken into
account to more precisely deepen the phases of agent modeling, in order to refine clinical validation
procedures. For the testing phase, the accuracy of the decision support model’s outputs regarding drug
interactions mentioned in the virtual profiles will be assessed using reliable external domain resources.
Performance measurements will be based on scales that evaluate both the type of interaction (e.g.,
synergy-antagonism) and the severity of the interaction (ranging from mild to severe). Additionally, the
interaction between the virtual patient model and the decision-making support system will be evaluated.
This should enable a dynamic, interpretable, and personalized interaction during the simulation of
specific clinical scenarios. Furthermore, to address hallucinations and erroneous information, a second
phase of evaluation will involve human feedback on the reliability of the Al prototype.
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