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Abstract
Software engineering plays a key role in developing high-quality healthcare systems, particularly in Precision
Medicine, where advanced systems are required to tailor clinical interventions based on individual genetic,
environmental, and lifestyle factors. Therefore, it is necessary to rethink software engineering methods to
address the significant challenges in healthcare systems, especially in system design, complex data analysis,
traceability, and AI explainability. This paper presents the MATIIGEN project, which aims to address these
challenges. MATIIGEN introduces an intelligent system for automated DNA variant interpretation. The project
combines Model-Driven Software Engineering (MDSE) principles with Explainable Artificial Intelligence (XAI) to
support the transition of genomic tools from laboratory validation environments (TRL4) to operational clinical
settings (TRL6). MDSE provides the structural and methodological basis for building robust, traceable, and
interoperable software systems, and XAI provides mechanisms to make the system’s outputs more transparent
and understandable to clinicians. The applicability of MATIIGEN platform is demonstrated through a historically
overlooked chronic disease: Lipedema. By focusing on a condition that is under-researched in clinical settings,
we can demonstrate that the MATTIGEN platform can generate insights in areas of medicine where data is scarce
and complex. Our work demonstrates that adopting MDSE principles provides a systematic methodology for
transforming multifaceted clinical data into actionable medical insights and establishes a scalable architecture for
high-quality, software-intensive systems in the healthcare domain.
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1. Introduction

Precision Medicine represents a fundamental shift in clinical practice, moving away from population-
level treatments toward interventions tailored to each patient’s genetic, environmental, and lifestyle
variability [1]. Central to this shift is the analysis of DNA —the fundamental blueprint of life— and the
study of how genetic differences, or variants, impact human health. This process, known as variant
interpretation, involves systematically identifying and classifying these variants to determine their
pathogenicity and relevance to a patient’s specific condition. However, despite its importance, variant
interpretation remains a primary bottleneck in the clinical pipeline.

This bottleneck is driven by the sheer volume and fragmentation of genomic data. A single human
genome typically harbors between 4.1 and 5 million variants, the vast majority of which hold no clinical
significance. Compounding this complexity, genomic data production is projected to range from 2 to 40
exabytes in the coming years, yet this critical information remains dispersed across more than 1,700
heterogeneous data sources. This places an unprecedented strain on healthcare infrastructures; to be
effective, modern variant interpretation systems must integrate these massive, fragmented datasets,
support complex analytical pipelines, and remain intuitively operable for clinical professionals who are
not technical experts [2, 3].
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Software Engineering provides the systematic principles and tools necessary to build high-quality
information systems required to manage this complexity. At the PROS Research Center (Universitat
Politècnica de València), we have translated these foundations into the domain of precision medicine
through the development of Delphi: a platform specifically engineered for the end-to-end automation of
DNA variant interpretation. To build Delphi, we combined Model-Driven Software Engineering (MDSE)
principles with Explainable Artificial Intelligence (XAI). Through MDSE, we enabled Delphi to allow the
integration of thousands of heterogeneous data sources and the interpretation of the clinical relevance
of millions of variants in minutes, while ensuring strict adherence to international clinical guidelines.
Through XAI, we provide Delphi with the necessary mechanism to make the variant interpretation
outputs transparent, traceable and understandable by clinicians. To date, our laboratory validation
has achieved an accuracy exceeding 80% across a diverse range of pathologies. Consequently, we have
positioned the platform at Technology Readiness Level 4 (TRL4).

Building on these promising results, the PROS group at UPV is currently leading the MATIIGEN
project, an initiative funded by the Carlos III Health Institute under the Health Technology Develop-
ment call. The primary objective of MATIIGEN is to advance Delphi from TRL4 to TRL6, transitioning
the system from a controlled laboratory setting to a functional demonstration in a relevant clinical
environment. This progression is essential to validate our MDSE-based architecture against the com-
plexities of real-world clinical workflows, where data quality is inconsistent, and system reliability is
paramount. By reaching TRL 6, we aim to demonstrate that our software engineering foundations can
meet the rigorous demands of real clinical ecosystems—ensuring that Delphi is not only technically
sound but also ready for seamless integration into the daily practice of precision medicine.

We have structured the transition of Delphi from TRL4 to TRL6 under this project along five strategic
dimensions designed to bridge the gap between laboratory research and clinical practice. First, we
will adapt our platform to work in a relevant clinical environment: Lipedema disease. Lipedema is a
chronic, multifactorial adipose tissue disorder that predominantly affects women and severely impacts
their quality of life [4, 5]. Despite strong evidence of a hereditary component, the precise genetic
basis of Lipedema remains unknown, hindering early and accurate diagnosis [6, 7]. As a historically
neglected and under-researched pathology that has long remained invisible to the medical establishment,
Lipedema represents an ideal, high-complexity domain to demonstrate the transformative impact that a
model-driven platform like Delphi can provide [8]

Second, platform usability will be prioritized by integrating specialized UX methodologies with
a cloud-native infrastructure, ensuring the system is co-designed with clinical end-users to support
intuitive operation. Third, we will establish a robust strategic framework for intellectual property and
licensing that carefully balances our academic open-science values with the commercial sustainability
required for long-term viability. Fourth, we will develop a comprehensive regulatory and technology
transfer roadmap to facilitate the platform’s seamless adoption within the complex healthcare ecosystem.
Finally, we will validate these improvements within the context of Lipedema in collaboration with
hospitals and clinical experts of this disease.

By the end of the MATIIGEN project, we expect to deliver a TRL6 system for supporting variant
interpretation in a clinically relevant environment. The project will serve as a proof of concept for
the use of Model-Driven Software Engineering and Explainable Artificial Intelligence in genomic
interpretation workflows. More broadly, the work will contribute an architectural and methodological
basis for bringing research advances in genomic analysis closer to real precision medicine settings.

2. MATIIGEN Objectives

The main objective of MATIIGEN is to mature and validate the technology of a software prototype
currently at TRL4, developed using MDD and Explainable Artificial Intelligence (XAI) techniques to
automate the interpretation of genetic variants. Through MATIIGEN, the technology will be advanced to
TRL6, demonstrating its applicability in real clinical environments, using Lipedema as a representative
use case.



To achieve this goal, the project will pursue the following specific objectives:

Objective 1 — Adapt the conceptual and technical foundations of the platform to the Li-
pedema context. Currently, Delphi is based on an existing conceptual model of the genome
[9, 10] that guides how knowledge is represented and managed in the platform. This model
will be refined and instantiated to support clinical professionals involved in Lipedema diagnosis.
Model-Driven Engineering (MDE) techniques will be applied to systematically capture expert
knowledge, define and automate variant-interpretation pipelines, and ensure full traceability to
clinical evidence. In parallel, the platform will incorporate Explainable AI (XAI) mechanisms to
support transparent, traceable, and interpretable variant interpretation [11]. Additionally, a se-
cure, scalable, and GDPR-compliant cloud architecture will be implemented, including role-based
access control, data encryption, and performance optimization mechanisms.
This objective will result in:

• A Lipedema-specific conceptualization of genomic knowledge.
• Explainable AI components enabling transparent and traceable variant classification.
• A secure and scalable cloud infrastructure aligned with current regulatory requirements.

Objective 2 — Improve the platform usability for clinical professionals. The project will define
design requirements for the interaction between clinical professionals and the platform, with
particular attention to usability, interpretability, and integration into real diagnostic practice.
Based on these requirements, the web-based interfaces will be redesigned to better support the
different stages of genomic interpretation in the context of Lipedema. This will include the
development of mock-ups and the integration of interactive visualization modules to improve the
exploration and interpretation of genomic data.
This objective will result in:

• A set of user and interaction requirements for clinically oriented genomic interpretation.
• Mock-ups and interface prototypes supporting the main tasks of Lipedema diagnosis.
• Interactive visualization components for exploring and interpreting genomic evidence

within the platform.

Objective 3 — Validate the MATIIGEN platform in real clinical settings using Lipedema
patient cohorts. The platform will be validated in collaboration with reference hospitals (i.e.,
La Fe University and Polytechnic Hospital and the INCLIVA Institute for Health Research) and
clinics by applying it to real Lipedema cases. This validation will assess the system’s capability to
prioritize genetic variants potentially associated with Lipedema and evaluate diagnostic precision
and efficiency using quantitative metrics, such as concordance with expert interpretation and
reductions in analysis time, demonstrating effective integration into real clinical workflows. In
addition, the validation will assess the interpretability and clinical usefulness of XAI-generated
explanations, analyzing their contribution to decision-making processes and user trust. This
objective will result in:

• A clinically validated dataset of Lipedema cases.
• A structured clinical validation report based on retrospective and prospective Lipedema

cohorts, including quantitative evidence of diagnostic performance (e.g., precision, concor-
dance with expert assessments), efficiency gains (e.g., reduction in analysis time).

• The evaluation of XAI-based explanations in terms of interpretability, usefulness, and
trustworthiness from clinical experts.

• Validated clinical protocols and integration guidelines supporting the reproducible deploy-
ment of the platform within real hospital workflows.

Objective 4 — Define and implement an intellectual property protection strategy for software
exploitation. This strategy will support the protection and exploitation of the MATIIGEN



platform as a software-intensive clinical decision-support system. An appropriate intellectual
property protection strategy will be defined and implemented, including patentability assessment,
software copyright registration, and the establishment of differentiated licensing schemes for
academic and commercial exploitation. This objective will result in:

• Registered software assets.
• Formal patentability assessment.
• A proposal of a licensing model to enable sustainable exploitation in both academic and

commercial contexts.

Objective 5 — Develop a technology transfer and commercialization strategy for genomic
decision-support solutions in women’s health, with an initial focus on Lipedema, includ-
ing market analysis, identification of early adopters, pilot deployments in real environments, and
the definition of a preliminary regulatory roadmap. This objective will result in:

• A detailed market analysis focused on genomic and data-driven solutions for women’s
health.

• A roadmap for regulatory compliance and certification.
• A report identifying early adopters and pilot deployment scenarios.
• A strategic plan for technology transfer and commercialization.

3. MATIIGEN Structure and Timeline

MATIIGEN is organized into five work packages (WPs) aligned with the project’s core objectives. WP1
encompasses the conceptual model for genomic applications in Lipedema (WP1.1) and the enhancement
of platform usability (WP1.2). WP2 is dedicated to clinical validation, while WP3 and WP4 address
intellectual property protection and the definition of the commercialization strategy, respectively.
Finally, WP5 focuses on dissemination and serves as a cross-cutting activity throughout the project’s
duration.

Launched in January 2026 and scheduled to run until December 2028, the project is currently in its
initial execution phase. Efforts are presently concentrated on the early stages of WP1.1 (conceptual
model adaptation) and WP1.2 (usability improvement), alongside preparatory work for WP2 (clinical
validation). These foundational activities are pivotal for driving the planned technological advancement
from TRL4 to TRL6.

Figure 1: MATIIGEN Project timeline until Dec 2028

4. Relevance for the CAISE Community

MATIIGEN contributes to the CAiSE community by showing how fundamental principles of conceptual
modeling and Model-Driven Software Engineering (MDSE) can be effectively applied in one of
the most demanding and knowledge-intensive domains: precision medicine. Beyond a domain-specific



application, the project demonstrates how model-driven approaches can be scaled, adapted, and validated
in real-world clinical settings.

This work makes a significant contribution to advancing MDE toward higher levels of technology
readiness. While many model-driven solutions are still in the prototype stage, MATIIGEN focuses
explicitly on the transition from TRL4 to TRL6, providing a concrete example of how conceptual models
can guide the evolution of a system from research-grade artifacts to clinically validated tools. This
progression provides insight into the practical challenges, trade-offs, and engineering decisions involved
in implementing model-driven approaches in operational healthcare settings.

At the same time, the project emphasizes the importance of conceptual modeling as a basis for
structuring genomic knowledge and facilitating traceability. Conceptual models in MATIIGEN support
system design, integrate heterogeneous data sources, formalize interpretation pipelines, and explicitly
link clinical evidence to decision outcomes. This viewpoint emphasizes the role of conceptual modeling
in promoting transparency, reproducibility, and accountability in data-intensive healthcare systems,
while enabling structured representations that can evolve toward ontology-driven and knowledge
graph-based solutions.

Another relevant aspect is the incorporation of explainability as a primary concern within a model-
driven context. By combining MDE and Explainable AI (XAI), the project moves beyond treating
explanations as post-hoc artifacts and instead explores how they can be systematically embedded
into system design. This opens up new research directions for the CAiSE community, particularly in
terms of modeling, representing, and aligning explanations with clinicians’ cognitive and decision-
making processes, connecting with emerging CAiSE research on AI-enabled decision support and
human-centered intelligent systems.

Furthermore, MATIIGEN demonstrates the applicability of model-driven approaches in domains with
limited data and research. The use of Lipedema as a validation scenario demonstrates how structured
conceptual representations can compensate for limited data availability, allowing the development of
meaningful and usable systems even in situations where traditional data-driven approaches are severely
limited, and illustrating the role of domain engineering in structuring emerging biomedical knowledge.

These contributions establish MATIIGEN as a step toward the creation of semantically grounded,
model-driven precision medicine infrastructures. Such infrastructures have the potential to enable
interoperability, continuous knowledge evolution, and reproducible clinical decision-making across
a wide range of healthcare contexts, highlighting the importance of CAiSE research in addressing
pressing challenges in modern healthcare systems.

5. Conclusions

MATIIGEN addresses one of precision medicine’s most critical bottlenecks: the accurate, scalable, and
clinically relevant interpretation of genetic variants. The project proposes a systematic approach that
integrates Model-Driven Software Engineering (MDSE) with Explainable Artificial Intelligence (XAI)
to overcome the limitations of current solutions, which frequently rely on opaque, rigid, and poorly
maintainable pipelines that hinder traceability, adaptability, and clinical trust.

This work makes an important contribution by demonstrating how conceptual modeling can be used to
structure genomic knowledge, orchestrate interpretation workflows, and ensure end-to-end traceability
between raw data, analytical processes, and clinical decisions. Unlike existing tools, which often operate
as “black boxes” with no systematic update mechanisms, MATIIGEN promotes a transparent, evolvable
framework that explicitly represents domain knowledge, interpretation criteria, and clinical evidence
and continuously integrates them.

Aside from its methodological contribution, MATIIGEN is positioned as a practical step toward closing
the gap between research-grade genomic tools and their implementation in real-world clinical settings.
The explicit emphasis on moving the system from TRL4 to TRL6, combined with planned validation
using real patient cohorts and integration into hospital workflows, provides a practical example of how
model-driven approaches can be scaled to high technology readiness levels in healthcare settings.



The use of Lipedema as a validation scenario strengthens this contribution. Lipedema represents an
under-researched, data-scarce, and clinically underserved condition for which traditional data-driven
approaches fail to provide value.

Nevertheless, a number of challenges remain unresolved. The clinical validation phase must show not
only increases in diagnostic accuracy and efficiency, but also consistent adoption by clinicians in real-
world workflows. Furthermore, the use of XAI raises fundamental questions about how explanations
should be formalized, evaluated, and aligned with clinical reasoning practices. The system’s real-world
impact will be influenced by issues such as interoperability, regulatory compliance, and long-term
genomic data governance.

Future work will focus on consolidating clinical validation, refining the underlying conceptual
models to incorporate emerging biomedical knowledge, and expanding the platform to encompass
broader precision medicine scenarios. In this regard, MATIIGEN is envisioned as the foundation
for a semantically grounded, model-driven genomic interpretation infrastructure that encourages
reproducibility, transparency, and scalability across a wide range of clinical contexts.
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