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

Backgroundlgap of knowledge

Radiotherapy is a cornerstone of breast cancer cure but is associated with acute and late
toxicities. Traditional prediction models rely mainly on clinical and dosimetry variables, often
failing to capture patient-specific tissue susceptibility. Recent research within the group of the
supervisor has shown that breast densitometry and imaging-derived features correlate with
outcomes [1] while models combining dosimetry and clinical features were also developed for
selected toxicities [2-5]. The need of integrating multi-layer information, including dosimetry,
clinical and imaging features, into robust and validated prediction models is of paramount
importance.

Rationale and hypothesis

We hypothesize that integrating advanced breast densitometry and radiomic descriptors will
improve prediction of radiotherapy-related toxicity. Furthermore, translating these models into
clinically usable tools could allow radiation oncologists to personalize treatment planning. In
addition, the interplay between age and presence of cardiac calcifications, both found highly
predictive of cardio-vascular late toxicity [5], needs to be better investigated; the available
datasets offer the opportunity to model temporal evolution of cardiac damage using synthetic
imaging approaches.

Objectives and specific aims

The three-year PhD project will be based on an in-house cohort of 1350 breast cancer patients
treated and monitored since 2009 [6,7] and an external validation cohort (REQUITE [8,9]). The

project, linked to the ongoing AIRC-funded project (IG 2025 ID 32254), will focus on:
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Model validation and methodological refinement

To improve densitometric modeling by better analyzing adipose—glandular distribution
patterns. Exploring radiomic features of larger/most important fat and glandular compartments.

Validate models onto an external cohort.

Development of imaging-based predictive tools

To finalize automated pipelines to process breast imaging data, to highlight tissue regions
mostly associated to high-risk radiation-induced toxicities (acute toxicity, 6-month edema, late
FATP—fibrosis, atrophy, telangiectasia, pain).

Modeling cardiac toxicity progression

Validating cardiovascular models based on the combination of clinical/dosimetry and cardiac
calcification scores features. Physics-Informed Neural Networks (PINNs) will be explored to
model the temporal and spatial evolution of coronary caicification clusters.

Expected outcomes

This project will externally validate and extend predictive models linking clinical, dosimetry,
breast tissue composition, radiomics features with radiotherapy outcomes. In addition, synthetic
imaging models may enable early prediction of cardiac calcification evolution and their
meaning in predicting cardiovascular events. Together, these results will contribute to a
precision-radiotherapy framework aimed at reducing treatment toxicity.

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

The PhD candidate will acquire advanced skills in medical imaging analysis, including breast
densitometry modeling, radiomics extraction, and spatial pattern—-response analysis. Training
will include development and validation of predictive models using large clinical datasets,
implementation of machine learning methods, and generation of spatial risk maps and Al-
generative synthetic imaging. The candidate will also develop competencies in translational
research, integrating imaging, clinical, and dosimetry data into clinically usable decision-

support tools for personalized radiotherapy.
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