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RESEARCH GROUP
Brief description of the research group and of its mission:

We are starting a new research line in meningiomas, focused on the automated segmentation
of these tumors and the extraction of quantitative metrics to help clinicians gain a better
understanding of them. We are currently working actively on the grading and potential growth
of meningiomas based on radiomics.

TITLE OF PROPOSED RESEARCH PROJECT
Interpretable Radiomic Signatures Predicting Growth Behaviour in Untreated Meningiomas: A
Longitudinal MRI Study

Background and Rationale

Meningiomas are the most common primary intracranial tumors, and a substantial proportion
are managed conservatively with serial MRI. However, predicting which lesions will grow
remains a major clinical challenge. Recent machine-learning studies have proposed predictive
models for meningioma growth, but most rely on “black-box” approaches that lack
interpretability and do not identify the specific radiomic features driving prediction.

Radiomics offers a quantitative framework to extract high-dimensional information from MRI,
including texture, shape, intensity, and diffusion-related metrics. These features may capture
subtle biological differences between stable and growing meningiomas. Yet, the radiomic
determinants of growth remain poorly understood.

Our institution has a curated database of baseline meningioma MRI scans with automated
segmentations, providing an ideal foundation for a longitudinal radiomic analysis. This project
aims to identify the radiomic signatures associated with tumor growth and to provide
interpretable models that can support clinical decision-making.

Study Design
A retrospective, longitudinal cohort study using existing MRI data from patients with
untreated intracranial meningiomas.



OBJECTIVES
Primary Objective

o To identify radiomic features on baseline MRI that differentiate growing
meningiomas from stable ones.

Secondary Objectives

o To develop an interpretable predictive model of meningioma growth using radiomic
features.

o To evaluate the contribution of texture, shape, intensity, and diffusion metrics to
growth behaviour.

o To explore delta-radiomics (changes in radiomic features over time) when
longitudinal data are available.

o To provide clinically meaningful explanations using SHAP values and feature-
importance analyses.

Materials and Methods

Study Population — Inclusion criteria:
o Adults with radiologically confirmed meningioma.
o At least two MRI scans separated by >6 months.
o No prior surgery or radiotherapy.

Study Population — Exclusion criteria:

o Poor image quality.
o Incomplete imaging sequences.

Imaging Data:
o Baseline MRI sequences: T1-weighted, T2-weighted, FLAIR, contrast-enhanced T1,
and diffusion-weighted imaging (ADC maps).
o Follow-up MRI for volumetric growth assessment.

Tumor Segmentation:

o Automated segmentation using the institution’s validated pipeline.
o Manual review and correction by the fellow under supervision.

Radiomic Feature Extraction (using PyRadiomics or equivalent):

o Shape features: sphericity, elongation, surface-to-volume ratio.
o First-order features: intensity histogram metrics.
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o Texture features: GLCM, GLRLM, GLSZM, NGTDM.
o Diffusion features: ADC-derived metrics.
o Delta-radiomics: change in features between timepoints (if applicable).

Definition of Growth:

o Volumetric increase >15% per year, or
o Linear diameter increase >2 mm/year.

Statistical Analysis:

o Univariate comparison between growing vs stable tumors.

o Multivariate modelling using LASSO regression, Random Forest, and XGBoost.

o Model interpretability via SHAP values, feature importance ranking, and partial
dependence plots.

Software and Tools:

o Python (scikit-learn, PyRadiomics, SHAP).
o R (for statistical validation).
o Institutional PACS and imaging servers.

APPLICANT’'S DUTIES
o Case Identification and Data Collection
o Select eligible patients from the institutional database.
o Retrieve baseline and follow-up MRI studies.
o Segmentation Review
o Inspect automated tumor segmentations.
o Perform manual corrections when necessary.
o Radiomic Feature Extraction
o Run the radiomics pipeline on validated segmentations.
o Organize and clean the resulting feature dataset.
o Preliminary Statistical Analysis
o Compare radiomic features between growing and stable tumors.
o Prepare datasets for multivariate modelling.
o Model Development and Interpretation
o Train predictive models with guidance.
o Generate feature-importance and SHAP-based interpretability outputs.
o Scientific Output
o Prepare figures, tables, and a preliminary manuscript draft.
o Present results to the research team.



Timeline (3 Months)

Weeks 1-2: Case selection, 2 weeks — Identify eligible patients, extract imaging
data.

Week 3: Segmentation review, 1 week — Validate automated segmentations.

Weeks 4-5: Radiomic extraction, 2-3 weeks — Compute baseline and delta features.
Weeks 6-8: Statistical analysis and modelling, 3—4 weeks — Build and interpret
predictive models.

Weeks 9-12: Manuscript preparation, 1-2 weeks — Draft results for publication.

Expected Outcomes

@)
o
o
@)

Identification of radiomic signatures associated with meningioma growth.
Development of an interpretable predictive model.

A dataset and analysis pipeline reusable for future research.

A manuscript suitable for submission to a neuroradiology or neuro-oncology journal.

APPLICANT’S BENEFITS
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Participation on scientific outcomes of the project i.e. presentations to congresses or
publications of papers

Hands-on experience in advanced neuroimaging analysis.

Hands-on experience in radiomics and machine learning.

Hands-on experience in tumor segmentation and quantitative imaging.

Hands-on experience in statistical modelling and scientific writing.

Strong potential for publication and future collaboration; the project is feasible within
the fellowship period.
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