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PhD Position F/M PhD position F/M:
Guiding clinical routine practice decisions
using amino-acid PET imaging for neuro-
oncology with artificial intelligence

Le descriptif de I’ offre ci-dessous est en Anglais

Typedecontrat : CDD
Niveau de dipldme exigé: Bac + 5 ou équivalent

Fonction : Doctorant
Contexte et atouts du poste

Research context

Brain tumors and central nervous system tumors have an incidence of 24.71 cases per
100,000 people. Meningiomas are the most frequent (39.7%) and gliomas account for
approximately 80% of malignant tumors. The latter are associated with a poor prognosis,
with a median survival of 15 months for glioblastomas, the most common type of glioma [2].
Due to the high risk and difficulty of invasive procedures, the diagnosis and monitoring of
cancer in neuro-oncology rely heavily on medical imaging, such as magnetic resonance
imaging (MRI) and positron emission tomography (PET) radiolabeled amino acids like 18F-
FDOPA or 18F-FET which are recommended by international groups.

Biopsy planning is comprised in these recommendations, as it better delineates the tumor
extent compared to conventional MRI. In particular, amino acid PET helps locate the most
aggressive part of the lesion and guide the biopsy target, which is crucial for patient
prognosis and subsequent treatment. This part is currently determined by the tumor regions
with the highest PET uptake [4] while several publications have shown that the kinetics of
tumor metabolism during acquisition can provide additional and relevant information at the
time of initial diagnosis to identify the most aggressive tumors especially when extracted at
the voxel level and has never been applied to biopsy planning. As early as 2011, a study by
Kunz et al. showed that dynamic hotspots could be useful in identifying malignant parts of
tumors.
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Moreover, 18F-FDOPA PET is also recommended by the RANO group in addition to MRI
for recurrent gliomas in the differential diagnosis between radionecrosis, a treatment-
induced change, and true progression. This is the primary indication for amino acid PET in
gliomas, as it has better diagnostic performance than conventional MRI. Numerous studies
in the literature have demonstrated the excellent performance of amino acid PET based on
simple image analysis or more advanced analysis with massive extraction of tumor
characteristics coupled with an artificial intelligence model for classification. During the last
decade, deep neural network models have been developed to automate certain healthcare-
related tasks and assist physicians in their clinical practice. When applied to medical
imaging data, such models are often designed for specific tasks, need large amounts of
annotated data, and demonstrate little generalization capability. Recently, foundation
models have gained prominence for their ability to learn robust and generic latent
representations of data in a self-supervised way. However, such models are still very rare
for 3D imaging, common in the medical field. In particular, no such model integrates PET
imaging. But these models could improve performance on specific subtasks through fine-
tuning on a small number of annotated data, which is particularly interesting in the context
of rare tumors such as gliomas. Furthermore, despite an exponential number of publications
attempting to develop a machine learning model to answer a specific question, only a very
small number make it into clinical routine, often due to a lack of evaluation in this context
and model acceptability. The representations learned by a foundation model being more
robust and general, the potential for explainability is greater, and they are therefore more
likely to be accepted as tools for clinical decision support.

Research environment

This project brings together researchers from the IADI lab and from the Inria Center of the
University of Lorraine and the LORIA lab.

The IADI (Adaptive Diagnostic and Interventional Imaging) laboratory is a joint research unit
of the University of Lorraine/INSERM, specializing in medical imaging and developing
innovative technologies to improve the quality of medical images and the resulting
diagnoses. The nuclear medicine division of the laboratory specializes in processing 18F-
FDOPA PET images, developing methods necessary for dynamic analysis at the voxel level
and studying the heterogeneity of dynamic behaviors within a tumor.

The LORIA laboratory is a joint research unit of the University of Lorraine, Inria and CNRS,
in computer sciecne. The TANGRAM team specializes in computer vision and medical
imaging, aiming at designing and developing methods towards image understanding and
scene reconstruction, through physical and deep neural models.

A major theme of this PhD work is artificial intelligence applied to medical images. In this
regard, the IADI and LORIA laboratories have demonstrated their competencies through
numerous projects, with IADI possessing deep knowledge of PET and MRI images for use
with deep learning, and LORIA offering a more fundamental understanding of the
functioning of these models and the methods to apply, with national recognition in this field.
Thereafter the PhD student will be co-supervised by researchers in these two labs.

The thesis supervisor, Pr Antoine VERGER, from IADI lab is also a medical practitioner at
Nancy University Hospital. He maintains constant contact with clinical teams involved in the
management of glioma patients (nuclear medicine physicians, neurosurgeons, neuro-
oncologists, pathologists), enabling the PhD student to consult them with questions, discuss
their expectations, or gain a better understanding of the problem.

The thesis co-supervisor, Erwan Kerrien, from LORIA lab, is an Inria researcher who
specializes in computer vision and image processing, in particular for neuro-imaging. He will
support the PhD student regarding computer science issues, discussing innovations in the
computer vision field and connecting with the computerized medical imaging research
community.



Mission confiée

Objectives

The research project aims to develop machine learning models based on learned features
describing the complex relationships between voxels in 18F-FDOPA PET scans in gliomas.

1. Development of a self-supervised deep learning model to learn the representation of
both healthy and pathological brains from multimodal PET and MRI images (WP1).

2. Identification of an aggressive subregion within a glioma using the previously
constructed latent representation and MRI and PET images to assist in biopsy
planning (WP2).

3. Development of a classification model for differential diagnosis between
radionecrosis and true progression, with evaluation in a clinical routine context
(WP3).

Method

WPL1: Construction of a robust and glioma-specific latent representation in 3D
medical imaging

The construction of this model will be analogous to that of a foundation model. Unlike
models developed in the field of computer vision, which aim to be highly generalized, we
aim to develop a model that is specific and representative of our pathology. It will be trained
in a self-supervised manner using a dataset of multimodal MRI and PET images, with the
possibility of initialization using a more general foundation model. The dataset will consist of
open-source and local datasets. The training of this model will be self-supervised, meaning
no external annotation is required. The model architecture will be based on a vision
transformer aimed at encoding information from part of the image along with its context,
particularly spatial context. The latent representation will be formed by training the model to
perform multiple tasks simultaneously, such as inpainting.

WP2: Identification of aggressive subregions using multiparametric dynamic 18F-
FDOPA PET and MRI images of gliomas at initial diagnosis for biopsy planning

The model developed in WP1 will serve as a prior to obtain a robust representation of the
image in a reduced-dimensional space where areas of the image with similar behavior are
close. The features of each patient's image will be grouped to form an image signature for
each patient. Association studies will then be conducted between the tumor's image
signature and its molecular signature. Once elements of interest are identified in the image
signature, the tumor area they characterize will be identified using explainability methods for
machine learning algorithms.

WP3: Explainable deep learning model for differentiating between radionecrosis and
true progression in clinical routine



To develop our classification model, the model from WP1 can serve as an initialization with
the advantage of converging to the solution with less data. The results obtained with this
model will be compared to completely supervised CNN classification models trained from
scratch and a model based on a radiomics pipeline with traditional machine learning
algorithms. The model will be evaluated in terms of diagnostic performance, including
precision, sensitivity, and specificity. The model must demonstrate good generalization
performance on an external validation dataset. However, this external validation is only a
first step; the crucial aspect is proving the added value of the model in a clinical routine
context, which will be assessed by doctors from different hospitals. Explainability methods
will be integrated into the model to increase its acceptability. Expected impact This project
will have a scientific impact towards a more detailed understanding of the presentation of
gliomas and their evolution, as well as a practical impact on the management of patients
with gliomas in clinical routine. Each WP will lead to the publication of a paper in an
international journal with peer review

Principales activités

The candidate will pursue research activities in deep learning on PET and MRI 3D images.
Besides deep neural network models and methods, more classical image processing
activities such as image registration, image segmentation or more generally image
manipulation will be required to preprocess and curate data. Experimentation, evaluation
and validation will also have to leverage numerical data analysis tools to convey key insight
and communicate main results to both clinicians and computer scientists involved in the
project. Access to computing resources will be granted. Data will be provided by physicians
from the nuclear medicine division who are European experts in their domain.

The candidate is expected to participate in meetings, report on his/her research, interact
with other members of both Tangram and IADI teams, and in particular work in close
collaboration with the involved clinicians and physicians to validate new ideas and ensure
their clinical relevance.

Compétences

Technical skills :

e Advanced knowledge of image processing (acquisition, filtering, segmentation, object
recognition, etc.)

e Advanced knowledge of machine learning (classification, regression, clustering, deep
learning, etc.)

Proficiency in programming languages (Python, C++, etc.)

Experience with ML libraries (scikit-learn, pytorch, tensorflow, ...)

Ability to develop and deploy machine learning models

Ability to work with high-performance computing environments (GPU, etc.)

Behavioural skills :

e Independent and able to work autonomously



Ability to work in a team and collaborate with experts from other fields
Thorough and detail-oriented

Fluency in English, or fluency in French with excellent level in English are mandatory to fill
the position.

Avantages

Subsidized meals

Partial reimbursement of public transport costs

Leave: 7 weeks of annual leave + 10 extra days off dueto RTT (statutory
reduction in working hours) + possibility of exceptional leave (sick children,
moving home, etc.)

Possibility of teleworking (after 6 months of employment) and flexible
organization of working hours

Professional equipment available (videoconferencing, loan of computer
equipment, etc.)

Social, cultural and sports events and activities

Access to vocational training

Social security coverage

Rémunération

2200€ gross/month

| nfor mations géneér ales

Théme/Domaine : Neurosciences et médecine numeériques
Biologie et santé, Sciences de lavie et de laterre (BAP A)
Ville: Villerslés Nancy

Centrelnria: Centrelnriadel'Université de Lorraine
Date de prise de fonction souhaitée : 2025-10-01
Duréedecontrat : 3ans

Date limite pour postuler : 2025-04-21

Contacts

Equipelnria: TANGRAM
Directeur dethese:
Kerrien Erwan / erwan.kerrien@inria.fr



http://www.inria.fr/centre/nancy
https://www.inria.fr/equipes/TANGRAM
mailto:erwan.kerrien@inria.fr

A proposd'lnria

Inriaest I'institut national de recherche dédié aux sciences et technologies du
numérigue. Il emploie 2600 personnes. Ses 215 équipes-projets agiles, en général
communes avec des partenaires académiques, impliquent plus de 3900 scientifiques
pour relever les défis du numérique, souvent al’interface d autres disciplines.

L ingtitut fait appel a de nombreux talents dans plus d’ une quarantaine de métiers
différents. 900 personnels d appui alarecherche et al’innovation contribuent afaire
émerger et grandir des projets scientifiques ou entrepreneuriaux qui impactent le
monde. Inriatravaille avec de nombreuses entreprises et a accompagné la création
de plus de 200 start-up. L'institut Se?orce ainsi de répondre aux enjeux de la
transformation numérique de la science, de la société et de I'économie.

L 'essentiel pour réussir

We are looking for candidates with excellent skills and knowledge in computer vision and
data science. A background in computer science and/or applied mathematics and/or
medical imaging will be an advantage.

An open mind towards connected scientific fields, a taste for clinical research and medical
applications, good communication skills, and a strong desire to learn and participate in a
scientific project dynamics are expected from the candidate.

Attention: Les candidatures doivent étre déposées en ligne sur le site Inria. Le
traitement des candidatures adressées par d'autres canaux n'est pas garanti.

Consignes pour postuler

Sécurité défense :

Ce poste est susceptible d’ étre affecté dans une zone arégime restrictif (ZRR), telle
gue définie dans le décret n°2011-1425 relatif ala protection du potentiel
scientifique et technigue de la nation (PPST). L’ autorisation d’ accés a une zone est
délivrée par le chef d établissement, apres avis ministériel favorable, tel que défini
dans |’ arrété du 03 juillet 2012, relatif ala PPST. Un avis ministériel défavorable
pour un poste affecté dans une ZRR aurait pour conséquence I’ annulation du
recrutement.

Politique derecrutement :
Dans le cadre de sa politique diversité, tous les postes Inria sont accessibles aux
personnes en situation de handicap.



