
2025 Activity Report

RESEARCH CENTRE: Inria Centre at the University of Bordeaux

IN PARTNERSHIP WITH: CNRS, Bordeaux INP

Project-Team

MONC
Mathematical modeling for Oncology

In collaboration with Institut de Mathématiques de Bordeaux (IMB)

﻿​​﻿

​​​‌ ﻿﻿﻿‌

﻿‌​‌ ﻿​​﻿

​​​‌

﻿﻿﻿‌ ﻿‌​‌ ﻿​​﻿



Project MONC 1
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Each year, Inria research teams publish an Activity Report presenting their work and results over the reporting
period. These reports follow a common structure, with some optional sections depending on the specific
team. They typically begin by outlining the overall objectives and research programme, including the main
research themes, goals, and methodological approaches. They also describe the application domains targeted
by the team, highlighting the scientific or societal contexts in which their work is situated. The reports
then present the highlights of the year, covering major scientific achievements, software developments,
or teaching contributions. When relevant, they include sections on software, platforms, and open data,
detailing the tools developed and how they are shared. A substantial part is dedicated to new results, where
scientific contributions are described in detail, often with subsections specifying participants and associated
keywords. Finally, the Activity Report addresses funding, contracts, partnerships, and collaborations at
various levels, from industrial agreements to international cooperations. It also covers dissemination and
teaching activities, such as participation in scientific events, outreach, and supervision. The document
concludes with a presentation of scientific production, including major publications and those produced
during the year.
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Technical Staff
• Luc Lafitte [INRIA, Engineer, from May 2025]

• Luc Lafitte [INRIA, Engineer, until Jan 2025]

Interns and Apprentices
• Clement Delmas [INRAE, Intern, from Apr 2025 until Sep 2025]

• Felicia Dossou [CNRS, Intern, from Jun 2025 until Aug 2025]

• Raphael Durand [IMB, Intern, from Apr 2025 until Aug 2025]

• Kouadio Thimote Kouame [INRIA, Intern, from Aug 2025 until Aug 2025]

• Kouadio Thimote Kouame [INRIA, Intern, from May 2025 until Jul 2025]
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Administrative Assistants
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External Collaborators
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• Charles Mesguich [CHU BORDEAUX]
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• Damien Voyer [EIGSI]

2 Overall objectives
2.1 Objectives
The MONC project-team aims at developing new mathematical models from partial differential equations
and statistical methods and based on biological and medical knowledge. Our goal is ultimately to be able
to help clinicians and/or biologists to better understand, predict or control the evolution of the disease and
possibly evaluate the therapeutic response, in a clinical context or for pre-clinical studies. We develop
patient-specific approaches (mainly based on medical images) as well as population-type approaches in order
to take advantage of large databases.

In vivo modeling of tumors is limited by the amount of information available. However, recently, there
have been dramatic increases in the scope and quality of patient-specific data from non-invasive imaging
methods, so that several potentially valuable measurements are now available to quantitatively measure tumor
evolution, assess tumor status as well as anatomical or functional details. Using different techniques from
biology or imaging - such as CT scan, magnetic resonance imaging (MRI), or positron emission tomography
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Figure 1: 3D numerical simulation of a meningioma. The tumor is shown in red.

(PET) - it is now possible to evaluate and define tumor status at different levels or scales: physiological,
molecular and cellular.

In the meantime, the understanding of the biological mechanisms of tumor growth, including the
influence of the micro-environment, has greatly increased. Medical doctors now have access to a wide
spectrum of therapies (surgery, mini-invasive techniques, radiotherapies, chemotherapies, targeted therapies,
immunotherapies. . . ).

Our project aims at helping oncologists in their followup of patients via the development of novel
quantitative methods for evaluation cancer progression. The idea is to build phenomenological mathematical
models based on data obtained in the clinical imaging routine like CT scans, MRIs and PET scans. We
therefore want to offer medical doctors patient-specific tumor evolution models, which are able to evaluate
– on the basis of previously collected data and within the limits of phenomenological models – the time
evolution of the pathology at subsequent times and the response to therapies. More precisely, our goal is to
help clinicians answer the following questions thanks to our numerical tools:

1. When is it necessary to start a treatment?

2. What is the best time to change a treatment?

3. When to stop a treatment?

We also intend to incorporate real-time model information for improving the accuracy and efficacy
of non invasive or micro-invasive tumor ablation techniques like acoustic hyperthermia, electroporation,
radio-frequency, cryo-ablation and of course radiotherapies.

There is therefore a dire need of integrating biological knowledge into mathematical models based on
clinical or experimental data. A major purpose of our project is also to create new mathematical models and
new paradigms for data assimilation that are adapted to the biological nature of the disease and to the amount
of multi-modal data available.

2.2 General strategy
Our general strategy may be described with the following sequence:

• Stage 1: Derivation of mechanistic models based on the biological knowledge and the available
observations. The construction of such models relies on the up-to-date biological knowledge at
the cellular level including description of the cell-cycle, interaction with the microenvironement
(angiogenesis, interaction with the stroma). Such models also include a "macroscopic" description of
specific molecular pathways that are known to have a critical role in carcinogenesis or that are targeted
by new drugs. We emphasize that for this purpose, close interactions with biologists are crucial. Lots
of works devoted to modeling at the cellular level are available in the literature. However, in order to be
able to use these models in a clinical context, the tumor is also to be described at the tissue level. The
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Figure 2: 3D numerical simulation of a lung tumor. The tumor is shown in yellow.

in vitro mechanical characterization of tumor tissues has been widely studied. Yet no description that
could be patient specific or even tumor specific is available. It is therefore necessary to build adapted
phenomenological models, according to the biological and clinical reality.

• Stage 2: Data collection. In the clinical context, data may come from medical imaging (MRI, CT-Scan,
PET scan) at different time points. We need longitudinal data in time in order to be able to understand
or describe the evolution of the disease. Data may also be obtained from analyses of blood samples,
biopsies or other quantitative biomarkers. A close collaboration with clinicians is required for selecting
the specific cases to focus on, the understanding of the key points and data, the classification of the
grades of the tumors, the understanding of the treatment,. . . In the preclinical context, data may for
instance be macroscopic measurements of the tumor volume for subcutaneous cases, green fluorescence
protein (GFP) quantifications for total number of living cells, non-invasive bioluminescence signals or
even imaging obtained with devices adapted to small animals.

– Data processing: Besides selection of representative cases by our collaborators, most of the
time, data has to be processed before being used in our models. We develop novel methods
for semi-automatic (implemented in SegmentIt) as well as supervized approaches (machine
learning or deep learning) for segmentation, non-rigid registration and extraction of image texture
information (radiomics, deep learning).

• Stage 3: Adaptation of the model to data. The model has to be adapted to data: it is useless to have
a model considering many biological features of the disease if it cannot be reliably parameterized
with available data. For example, very detailed descriptions of the angiogenesis process found in the
literature cannot be used, as they have too much parameters to determine for the information available.
A pragmatic approach has to be developed for this purpose. On the other hand, one has to try to model
any element that can be useful to exploit the image. Parameterizing must be performed carefully in
order to achieve an optimal trade-off between the accuracy of the model, its complexity, identifiability
and predictive power. Parameter estimation is a critical issue in mathematical biology: if there are too
many parameters, it will be impossible to estimate them but if the model is too simple, it will be too far
from reality.

• Stage 4: Data assimilation. Because of data complexity and scarcity - for example multimodal,
longitudinal medical imaging - data assimilation is a major challenge. Such a process is a combination
of methods for solving inverse problems and statistical methods including machine learning strategies.

– Personalized models: Currently, most of the inverse problems developed in the team are solved
using a gradient method coupled with some MCMC type algorithm. We are now trying to use
more efficient methods as Kalman type filters or so-called Luenberger filter (nudging). Using
sequential methods could also simplify Stage 3 because they can be used even with complex
models. Of course, the strategy used by the team depends on the quantity and the quality of data.
It is not the same if we have an homogeneous population of cases or if it is a very specific isolated
case.
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Figure 3: General strategy of the team to build meaningful models in oncology.

– Statistical learning: In some clinical cases, there is no longitudinal data available to build
a mathematical model describing the evolution of the disease. In these cases (e.g. in our
collaboration with Humanitas Research Hospital on low grade gliomas or Institut Bergonié
on soft-tissue sarcoma), we use machine learning techniques to correlate clinical and imaging
features with clinical outcome of patients (radiomics). When longitudinal data and a sufficient
number of patients are available, we combine this approach and mathematical modeling by adding
the personalized model parameters for each patient as features in the statistical algorithm. Our
goal is then to have a better description of the evolution of the disease over time (as compared to
only taking temporal variations of features into account as in delta-radiomics approaches). We
also plan to use statistical algorithms to build reduced-order models, more efficient to run or
calibrate than the original models.

– Data assimilation of gene expression. "Omics" data become more and more important in oncology
and we aim at developing our models using this information as well. For example, in our work
on GIST, we have taken the effect of a Ckit mutation on resistance to treatment into account.
However, it is still not clear how to use in general gene expression data in our macroscopic
models, and particularly how to connect the genotype to the phenotype and the macroscopic
growth. We expect to use statistical learning techniques on populations of patients in order to
move towards this direction, but we emphasize that this task is very prospective and is a scientific
challenge in itself.

• Stage 5: Patient-specific Simulation and prediction, Stratification. Once the mechanistic models have
been parametrized, they can be used to run patient-specific simulations and predictions. The statistical
models offer new stratifications of patients (i.t. an algorithm that tells from images and clinical
information wheter a patient with soft-tissue sarcoma is more likely to be a good or bad responder
to neoadjuvant chemotherapy). Building robust algorithms (e.g. that can be deployed over multiple
clinical centers) also requires working on quantifying uncertainties.

3 Research program
3.1 Introduction
We are working in the context of data-driven medicine against cancer. We aim at coupling mathematical
models with data to address relevant challenges for biologists and clinicians in order for instance to improve our
understanding in cancer biology and pharmacology, assist the development of novel therapeutic approaches
or develop personalized decision-helping tools for monitoring the disease and evaluating therapies.

More precisely, our research on mathematical oncology is three-fold:
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Figure 4: Research program organisation.

• Axis 1: Tumor modeling for patient-specific simulations: Clinical monitoring. Numerical markers
from imaging data. Radiomics.

• Axis 2: Bio-physical modeling for personalized therapies: Electroporation from cells to tissue.
Radiotherapy.

• Axis 3: Quantitative cancer modeling for biological studies: Biological mechanisms. Metastatic
dissemination. Physical properties of microtumors.

In the first axis, we aim at producing patient-specific simulations of the growth of a tumor or its response
to treatment starting from a series of images. We hope to be able to offer a valuable insight on the disease to
the clinicians in order to improve the decision process. This would be particularly useful in the cases of
relapses or for metastatic diseases.

The second axis aims at modeling biophysical therapies like irreversible electroporation, but also
radiotherapy, thermo-ablations, radio-frequency ablations or electrochemotherapies that play a crucial role
for a local treatment of the disease.

The third axis is essential since it is a way to better understand and model the biological reality of cancer
growth and the (possibly complex) effects of therapeutic intervention. Modeling in this case also helps
to interpret the experimental results and improve the accuracy of the models used in Axis 1. Technically
speaking, some of the computing tools are similar to those of Axis 1.

Since our models are higly data driven, a transverse axis dedicated to data assimilation has been recently
added to our research program.

3.2 Axis 1: Tumor modeling for patient-specific simulations
The gold standard treatment for most cancers is surgery. In the case where total resection of the tumor is
possible, the patient often benefits from an adjuvant therapy (radiotherapy, chemotherapy, targeted therapy or
a combination of them) in order to eliminate the potentially remaining cells that may not be visible. In this
case personalized modeling of tumor growth is useless and statistical modeling will be able to quantify the
risk of relapse, the mean progression-free survival time. . . However if total resection is not possible or if
metastases emerge from distant sites, clinicians will try to control the disease for as long as possible. A wide
set of tools are available. Clinicians may treat the disease by physical interventions (radiofrequency ablation,
cryoablation, radiotherapy, electroporation, focalized ultrasound,. . . ) or chemical agents (chemotherapies,
targeted therapies, antiangiogenic drugs, immunotherapies, hormonotherapies). One can also decide to
monitor the patient without any treatment (this is the case for slowly growing tumors like some metastases
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to the lung, some lymphomas or for some low grade glioma). A reliable patient-specific model of tumor
evolution with or without therapy may have different uses:

• Case without treatment: the evaluation of the growth of the tumor would offer a useful indication
for the time at which the tumor may reach a critical size. For example, radiofrequency ablation of
pulmonary lesion is very efficient as long as the diameter of the lesion is smaller than 3 cm. Thus,
the prediction can help the clinician plan the intervention. For slowly growing tumors, quantitative
modeling can also help to decide at what time interval the patient has to undergo a CT-scan. CT-scans
are irradiative exams and there is a challenge for decreasing their occurrence for each patient. It has
also an economical impact. And if the disease evolution starts to differ from the prediction, this might
mean that some events have occurred at the biological level. For instance, it could be the rise of an
aggressive phenotype or cells that leave a dormancy state. This kind of events cannot be predicted, but
some mismatch with respect to the prediction can be an indirect proof of their existence. It could be an
indication for the clinician to start a treatment.

• Case with treatment: a model can help to understand and to quantify the final outcome of a treatment
using the early response. It can help for a redefinition of the treatment planning. Modeling can also
help to anticipate the relapse by analyzing some functional aspects of the tumor. Again, a deviation
with respect to reference curves can mean a lack of efficiency of the therapy or a relapse. Moreover, for
a long time, the response to a treatment has been quantified by the RECIST criteria which consists
in (roughly speaking) measuring the diameters of the largest tumor of the patient, as it is seen on a
CT-scan. This criteria is still widely used and was quite efficient for chemotherapies and radiotherapies
that induce a decrease of the size of the lesion. However, with the systematic use of targeted therapies
and anti-angiogenic drugs that modify the physiology of the tumor, the size may remain unchanged
even if the drug is efficient and deeply modifies the tumor behavior. One better way to estimate this
effect could be to use functional imaging (Pet-scan, perfusion or diffusion MRI, . . . ), a model can then
be used to exploit the data and to understand in what extent the therapy is efficient.

• Optimization: currently, we do not believe that we can optimize a particular treatment in terms of
distribution of doses, number, planning with the model that we will develop in a medium term
perspective.

The scientific challenge is therefore as follows: given the history of the patient, the nature of the primitive
tumor, its histopathology, knowing the treatments that patients have undergone, some biological facts on the
tumor and having a sequence of images (CT-scan, MRI, PET or a mix of them), are we able to provide a
numerical simulation of the extension of the tumor and of its metabolism that fits as best as possible with the
data (CT-scans or functional data) and that is predictive in order to address the clinical cases described above?

Our approach relies on the elaboration of PDE models and their parametrization with images by coupling
deterministic and stochastic methods. The PDE models rely on the description of the dynamics of cell
populations. The number of populations depends on the pathology. For example, for glioblastoma, one needs
to use proliferative cells, invasive cells, quiescent cells as well as necrotic tissues to be able to reproduce
realistic behaviors of the disease. In order to describe the relapse for hepatic metastases of gastro-intestinal
stromal tumor (gist), one needs three cell populations: proliferative cells, healthy tissue and necrotic tissue.

The law of proliferation is often coupled with a model for the angiogenesis. However such models of
angiogenesis involve too many non measurable parameters to be used with real clinical data and therefore
one has to use simplified or even simplistic versions. The law of proliferation often mimics the existence of
an hypoxia threshold, it consists of an ODE. or a PDE that describes the evolution of the growth rate as a
combination of sigmoid functions of nutrients or roughly speaking oxygen concentration. Usually, several
laws are available for a given pathology since at this level, there are no quantitative argument to choose a
particular one.

The velocity of the tumor growth differs depending on the nature of the tumor. For metastases, we will
derive the velocity thanks to Darcy’s law in order to express that the extension of the tumor is basically
due to the increase of volume. This gives a sharp interface between the metastasis and the surrounding
healthy tissues, as observed by anatomopathologists. For primitive tumors like glioma or lung cancer, we use
reaction-diffusion equations in order to describe the invasive aspects of such primitive tumors.

The modeling of the drugs depends on the nature of the drug: for chemotherapies, a death term can
be added into the equations of the population of cells, while antiangiogenic drugs have to be introduced
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in a angiogenic model. Resistance to treatment can be described either by several populations of cells or
with non-constant growth or death rates. As said before, it is still currently difficult to model the changes of
phenotype or mutations, we therefore propose to investigate this kind of phenomena by looking at deviations
of the numerical simulations compared to the medical observations.

The calibration of the model is achieved by using a series (at least 2) of images of the same patient and by
minimizing a cost function. The cost function contains at least the difference between the volume of the
tumor that is measured on the images with the computed one. It also contains elements on the geometry,
on the necrosis and any information that can be obtained through the medical images. We will pay special
attention to functional imaging (PET, perfusion and diffusion MRI). The inverse problem is solved using
a gradient method coupled with some Monte-Carlo type algorithm. If a large number of similar cases is
available, one can imagine to use statistical algorithms like random forests to use some non quantitative
data like the gender, the age, the origin of the primitive tumor. . . for example for choosing the model for the
growth rate for a patient using this population knowledge (and then to fully adapt the model to the patient by
calibrating this particular model on patient data) or for having a better initial estimation of the modeling
parameters. We have obtained several preliminary results concerning lung metastases including treatments
and for metastases to the liver.

3.3 Axis 2: Bio-physical modeling for personalized therapies
In this axis, we investigate locoregional therapies such as radiotherapy, irreversible electroporation. Electro-
poration consists in increasing the membrane permeability of cells by the delivery of high voltage pulses. This
non-thermal phenomenon can be transient (reversible) or irreversible (IRE). IRE or electro-chemotherapy
– which is a combination of reversible electroporation with a cytotoxic drug – are essential tools for the
treatment of a metastatic disease. Numerical modeling of these therapies is a clear scientific challenge.
Clinical applications of the modeling are the main target, which thus drives the scientific approach, even
though theoretical studies in order to improve the knowledge of the biological phenomena, in particular for
electroporation, should also be addressed. However, this subject is quite wide and we focus on two particular
approaches: some aspects of radiotherapies and electro-chemotherapy. This choice is motivated partly by
pragmatic reasons: we already have collaborations with physicians on these therapies. Other treatments could
be probably treated with the same approach, but we do not plan to work on this subject on a medium term.

• Radiotherapy (RT) is a common therapy for cancer. Typically, using a CT scan of the patient with
the structures of interest (tumor, organs at risk) delineated, the clinicians optimize the dose delivery
to treat the tumor while preserving healthy tissues. The RT is then delivered every day using low
resolution scans (CBCT) to position the beams. Under treatment the patient may lose weight and the
tumor shrinks. These changes may affect the propagation of the beams and subsequently change the
dose that is effectively delivered. It could be harmful for the patient especially if sensitive organs are
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concerned. In such cases, a replanification of the RT could be done to adjust the therapeutical protocol.
Unfortunately, this process takes too much time to be performed routinely. The challenges faced by
clinicians are numerous, we focus on two of them:

– Detecting the need of replanification: we are using the positioning scans to evaluate the movement
and deformation of the various structures of interest. Thus we can detect whether or not a
structure has moved out of the safe margins (fixed by clinicians) and thus if a replanification
may be necessary. In a retrospective study, our work can also be used to determine RT margins
when there are no standard ones. A collaboration with the RT department of Institut Bergonié is
underway on the treatment of retroperitoneal sarcoma and ENT tumors (head and neck cancers).
A retrospective study was performed on 11 patients with retro-peritoneal sarcoma. The results
have shown that the safety margins (on the RT) that clinicians are currently using are probably
not large enough. The tool used in this study was developed by an engineer funded by INRIA
(Cynthia Périer, ADT Sesar). We used well validated methods from a level-set approach and
segmentation / registration methods. The originality and difficulty lie in the fact that we are
dealing with real data in a clinical setup. Clinicians have currently no way to perform complex
measurements with their clinical tools. This prevents them from investigating the replanification.
Our work and the tools developed pave the way for easier studies on evaluation of RT plans in
collaboration with Institut Bergonié. There was no modeling involved in this work that arose
during discussions with our collaborators. The main purpose of the team is to have meaningful
outcomes of our research for clinicians, sometimes it implies leaving a bit our area of expertise.

– Evaluating RT efficacy and finding correlation between the radiological responses and the clinical
outcome: our goal is to help doctors to identify correlation between the response to RT (as seen
on images) and the longer term clinical outcome of the patient. Typically, we aim at helping them
to decide when to plan the next exam after the RT. For patients whose response has been linked to
worse prognosis, this exam would have to be planned earlier. This is the subject of collaborations
with Institut Bergonié and CHU Bordeaux on different cancers (head and neck, pancreas). The
response is evaluated from image markers (e.g. using texture information) or with a mathematical
model developed in Axis 1. The other challenges are either out of reach or not in the domain of
expertise of the team. Yet our works may tackle some important issues for adaptive radiotherapy.

• Both IRE and electrochemotherapy are anticancerous treatments based on the same phenomenon: the
electroporation of cell membranes. This phenomenon is known for a few decades but it is still not well
understood, therefore our interest is two fold:

1. We want to use mathematical models in order to better understand the biological behavior and the
effect of the treatment. We work in tight collaboration with biologists and bioeletromagneticians
to derive precise models of cell and tissue electroporation, in the continuity of the research
program of the Inria team-project MC2. These studies lead to complex non-linear mathematical
models involving some parameters (as less as possible). Numerical methods to compute
precisely such models and the calibration of the parameters with the experimental data are then
addressed. Tight collaborations with the Vectorology and Anticancerous Therapies (VAT) of IGR
at Villejuif, Laboratoire Ampère of Ecole Centrale Lyon and the Karlsruhe Institute of technology
will continue, and we aim at developing new collaborations with Institute of Pharmacology
and Structural Biology (IPBS) of Toulouse and the Laboratory of Molecular Pathology and
Experimental Oncology (LMPEO) at CNR Rome, in order to understand differences of the
electroporation of healthy cells and cancer cells in spheroids and tissues.

2. This basic research aims at providing new understanding of electroporation, however it is
necessary to address, particular questions raised by radio-oncologists that apply such treatments.
One crucial question is "What pulse or what train of pulses should I apply to electroporate
the tumor if the electrodes are located as given by the medical images"? Even if the real-time
optimization of the placement of the electrodes for deep tumors may seem quite utopian since the
clinicians face too many medical constraints that cannot be taken into account (like the position
of some organs, arteries, nerves. . . ), one can expect to produce real-time information of the
validity of the placement done by the clinician. Indeed, once the placement is performed by
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the radiologists, medical images are usually used to visualize the localization of the electrodes.
Using these medical data, a crucial goal is to provide a tool in order to compute in real-time and
visualize the electric field and the electroporated region directly on theses medical images, to give
the doctors a precise knowledge of the region affected by the electric field. In the long run, this
research will benefit from the knowledge of the theoretical electroporation modeling, but it seems
important to use the current knowledge of tissue electroporation – even quite rough –, in order to
rapidly address the specific difficulty of such a goal (real-time computing of non-linear model,
image segmentation and visualization). Tight collaborations with CHU Pellegrin at Bordeaux,
and CHU J. Verdier at Bondy are crucial.

• Radiofrequency ablation. In a collaboration with Hopital Haut Leveque, CHU Bordeaux we are trying
to determine the efficacy and risk of relapse of hepatocellular carcinoma treated by radiofrequency
ablation. For this matter we are using geometrical measurements on images (margins of the RFA,
distance to the boundary of the organ) as well as texture information to statistically evaluate the clinical
outcome of patients.

• Intensity focused ultrasound. In collaboration with Utrecht Medical center, we aim at tackling several
challenges in clinical applications of IFU: target tracking, dose delivery. . .

3.4 Axis 3: Quantitative cancer modeling for biological studies
With the emergence and improvement of a plethora of experimental techniques, the molecular, cellular and
tissue biology has operated a shift toward a more quantitative science, in particular in the domain of cancer
biology. These quantitative assays generate a large amount of data that call for theoretical formalism in
order to better understand and predict the complex phenomena involved. Indeed, due to the huge complexity
underlying the development of a cancer disease that involves multiple scales (from the genetic, intra-cellular
scale to the scale of the whole organism), and a large number of interacting physiological processes (see the
so-called "hallmarks of cancer"), several questions are not fully understood. Among these, we want to focus
on the most clinically relevant ones, such as the general laws governing tumor growth and the development of
metastases (secondary tumors, responsible of 90% of the deaths from a solid cancer), and the physics of
tumors which is crucial to quantify drug uptake for instance.

In this context, it is thus challenging to exploit the diversity of the data available in experimental settings
(such as in vitro tumor spheroids or in vivo mice experiments) in order to improve our understanding of the
disease and its dynamics, which in turn lead to validation, refinement and better tuning of the macroscopic
models used in the axes 1 and 2 for clinical applications.

In recent years, several new findings challenged the classical vision of the metastatic development biology,
in particular by the discovery of organism-scale phenomena that are amenable to a dynamical description in
terms of mathematical models based on differential equations. These include the angiogenesis-mediated
distant inhibition of secondary tumors by a primary tumor the pre-metastatic niche or the self-seeding
phenomenon Building a general, cancer type specific, comprehensive theory that would integrate these
dynamical processes remains an open challenge.

Starting from the available multi-modal data and relevant biological or therapeutic questions, our purpose
is to develop adapted mathematical models (i.e. identifiable from the data) that recapitulate the existing
knowledge and reduce it to its more fundamental components, with two main purposes:

1. to generate quantitative and empirically testable predictions that allow to assess biological hypotheses
or

2. to investigate the therapeutic management of the disease and profile optimal experimental strategies for
anti-cancerous therapies (drug uptakes or electric field parameters for instance).

We believe that the feedback loop between theoretical modeling and experimental studies can help to generate
new knowledge and improve our predictive abilities for clinical diagnosis, prognosis, and therapeutic decision.
Let us note that the first point is in direct link with the axes 1 and 2 of the team since it allows us to
experimentally validate the models at the biological scale (in vitro and in vivo experiments) for further clinical
applications.
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More precisely, we first base ourselves on a thorough exploration of the biological literature of the
biological phenomena we want to model: growth of tumor spheroids, in vivo tumor growth in mice, initiation
and development of the metastases, distribution of anti-cancerous drugs. Then we investigate, using basic
statistical tools, the data we dispose, which can range from: spatial distribution of heterogeneous cell
population within tumor spheroids, expression of cell markers (such as green fluorescent protein for cancer
cells or specific antibodies for other cell types), bioluminescence, direct volume measurement or even
intra-vital images obtained with specific imaging devices. According to the data type, we further build
dedicated mathematical models that are based either on PDEs (when spatial data is available, or when time
evolution of a structured density can be inferred from the data, for instance for a population of tumors) or
ODEs (for scalar longitudinal data). These models are confronted to the data by two principal means:

1. when possible, experimental assays can give a direct measurement of some parameters (such as the
proliferation rate or the migration speed) or

2. statistical tools to infer the parameters from observables of the model.

This last point is of particular relevance to tackle the problem of the large inter-animal variability and we use
adapted statistical tools such as the mixed-effects modeling framework.

Once the models are shown able to describe the data and are properly calibrated, we use them to
test or simulate biological hypotheses. Based on our simulations, we then aim at proposing to our
biological collaborators new experiments to confirm or infirm newly generated hypotheses, or to test different
administration protocols of the drugs for in vivo and in vitro protocols.

Another motivation of this axis deals with the interaction with conceptual approaches, and aims at
addressing more fundamental questions in biology, combined with experiments on yeast cells. It is led by
two projects. The EvoMulti project (CNRS 80Prime) is a collaboration with biologist B. Daignan-Fornier at
IBGC, and deals with experimental evolution combined with mathematical modeling. The long-term goal is
to question the link between cancer evolution and multicellularity. The TISSAGE project (CNRS MITI) is a
collaboration with IBGC and F. Gross (philosopher of science) at ImmunoConcept. The goal is to develop
and exploit the analogy between a metabolic network and a tissue, in terms of their regulation. This relies on
conceptual and modeling approaches combined with experiments.

4 Application domains
4.1 Tumor growth monitoring and therapeutic evaluation
Each type of cancer is different and requires an adequate model. More specifically, we are currently working
on the following diseases:

• Glioma (brain tumors) of various grades,

• Metastases to the lung, liver and brain from various organs,

• Soft-tissue sarcoma and angiosarcoma,

• Kidney cancer and its metastases,

• Non small cell lung carcinoma,

• Acute Myeloid Leukemia.

In this context our application domains are:

• Image-driven patient-specific simulations of tumor growth and treatments,

• Parameter estimation and data assimilation of medical images,

• Machine and deep learning methods for delineating the lesions and stratifying patients according to
their responses to treatment or risks of relapse.
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4.2 Biophysical therapies
• Modeling of irreversible electroporation adn electrochemotherapy on biological and clinical scales.

• Evaluation of radiotherapy and radiofrequency ablation.

4.3 In-vitro and animals experimentations in oncology
• Theoretical biology of the rheology of microtumors: dynamics of a population of tumors in mutual

interactions, uptake of drugs, effect of electric field on the growth of microtumors, growth under
mechanical or chemical (hypoxia) constraints.

• Mathematical models of population dynamics of yeast organisms, aiming the investigation of funda-
mental hallmarks of cancer (multicellularity disease, escape from regulation).

5 Social and environmental responsibility

5.1 Footprint of research activities
Numerical computations on (GPU) clusters like Plafrim. The permanent members of the team reduced
drastically their travels to scientifically relevant journey (for instance small conferences where we can really
meet scientists, stay of at least 1 week for efficient collaboration etc).

Nicolas Papadakis is deputy director of IMB, in charge of the sustainable development and social
responsability.

Olivier Saut is in charge of sustainable development at CNRS Mathématiques and member of the National
Sustainable Development Council at CNRS.

5.2 Impact of research results
In the long run, our research could yield interesting outcomes for cancer patients. Yet we are mostly building
proofs of concept that would have to be taken over by an industrial partner for any transfer towards clinics
(like we did with Sophia Genetics in the past).

The softwares EVolution and IRENA are combined into PrimetimeIRE and into 3D Slicer extensions for
clinical purpose. PrimetimeIRE is in its test phase at Avicenne hospital, AP-HP.

5.3 Gender equity
Until 2025, Christèle Etchegaray was in charge of the gender equity committee for IMB, and correspondent
on this topic for IMB and MARGAUx Federation for CNRS (Insmi). She still is a member of the Parity,
Diversity Equity group of IMB, and of the local Inria parity-equality committee. She takes part in several
diffusion initiatives to promote gender equity in science.

Christèle Etchegaray and Nicolas Papadakis also co-supervised the M2 internship of Julie Lesthelle in
sociology, in collaboration with Sophie Duchesne (Centre Émile Durkheim): "Undergraduate Mathematics
Studies Through the Lens of Gender: The Construction of a Masculine Environment and the Experiences
of Women Students in a Minority Situation". The study focused on female undergraduate students in
Mathematics at Bordeaux University. This led to a conference given for IMB, Labri and Inria centre of
Bordeaux University, and drew the attention fo the national mathematics community. The aim is now to
recruit Julie Lesthelle as an engineer to pursue the project.

6 Highlights of the year
• Astrid Decoene and Christèle Etchegaray have been a part of the organization of the "25th Forum des

Jeunes Mathématiciennes et Mathématiciens" in Bordeaux
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• Sociology Internship of J. Lesthelle on "Undergraduate Mathematics Studies Through the Lens of
Gender: The Construction of a Masculine Environment and the Experiences of Women Students in a
Minority Situation", led by Christèle Etchegaray, Nicolas Papadakis and Sophie Duchesne (Centre
Émile Durkheim)

• Beginning of the Cone BEAM AI project (funded by BPI) on dental CBCT recontruction

• Incubation of a start-up project on irreversible electroporation with Inria Startup Studio

• Thanks to our collaborators at Institut Bergonié, we started establishing of an extensive network of
clinical centers (Stanford, IGR, Lisbon,...) specializing in rare uterine tumors to validate our models
on a large scale.

• Main publications:

– New method for sampling and unecrtainty quantification in inverse problems (NeurIPS’25)

– Correlation between computed electric dose maps and early post-operative MRI for the evaluation
of irreversible electroporation (Physics in Medicine & Biology) Olivier Sutter and Baudouin
Denis de Senneville.

– Enhancing Cell Instance Segmentation in Scanning Electron Microscopy Images via a Deep
Contour Closing Operator (Computers in Biology and Medicine - Florian Robert and Baudouin
Denis de Senneville

– Prognostic prediction in soft-tissue sarcomas using deep learning and digital pathology of tumor
and margin areas, (Scientific Reports) Van Linh Le and Olivier Saut.

– A strategy for multimodal integration of transcriptomics, proteomics, and radiomics data for the
prediction of recurrence in patients with IDH-mutant gliomas (International Journal of Cancer) -
Christèle Etchegaray and Olivier Saut (Transcan consortium)

7 Latest software developments, platforms, open data

7.1 Latest software developments
7.1.1 Clinical_IRE

Keyword: Health

Functional Description: 3D slicer plugin for calculating the electric field during an irreversible electro-
poration (IRE) ablation procedure. The operator enters the positions of the needles on the image
(by clicking), as well as the different regions based on pre-established segmentations. The selected
amplitude dose map is then superimposed on the image.

Contact: Clair Poignard

7.1.2 Evo_Estimator

Keyword: Biomedical imaging

Functional Description: 3D slicer plugin for non-rigid multimodal registration.

Contact: Clair Poignard

8 New results

8.1 AI for medical imaging
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Participants: Baudouin Denis de Senneville, Nicolas Papadakis.

This first axis of research highlights advances in medical imaging and computational modeling for clinical
applications. At CBMS’25, Hadj Bouzid et al. and Petitpas et al. presented innovative approaches for airway
abnormality segmentation on UTE-MRI and automated detection of pleural plaques in asbestos-exposed
individuals, respectively—both leveraging deep learning and reinforcement learning to improve diagnostic
accuracy. Robert et al. further contributed to this domain with frameworks for 3D semantic cell segmentation,
unsupervised tissue analysis, and segmentation improvements in electron microscopy, demonstrating the
integration of intercellular priors and synthetic data to refine biomedical imaging workflows. Finally, Turcotte
et al.’s large-scale morphological analysis of 55,213 stones in the World Journal of Urology underscores the
potential of AI integration in endoscopic stone recognition, bridging computational innovation with clinical
practice.

The second theme centers on theoretical and algorithmic advancements in computational methods.
Renaud et al. made significant strides in stochastic optimization and sampling, presenting analyses of
Langevin diffusion stability and proximal MCMC convergence at NeurIPS’25 and SSVM’25, alongside
work on equivariant denoisers for image restoration. Spagnoletti et al. introduced LATINO-PRO, a latent
consistency solver with prompt optimization, at ICCV’25, pushing boundaries in inverse problem-solving.

• A. I. Hadj Bouzid et al. 3D semantic segmentation of airway abnormalities on UTE-MRI with
reinforcement learning on deep supervision. nternational Symposium on Biomedical Imaging
(ISBI’25), United States, 2025

• Y. Petitpas et al. Automatic detection of pleural plaques presence in asbestos-exposed individuals.
International Symposium on Computer-Based Medical Systems (CBMS’25), Spain, 2025

• M. Renaud et al. From stability of Langevin diffusion to convergence of proximal MCMC for
non-log-concave sampling. 39th Annual Conference on Neural Information Processing Systems
(NeurIPS’25), United States, 2025

• M. Renaud et al. Convergence Analysis of a Proximal Stochastic Denoising Regularization Algorithm.
International Conference on Scale Space and Variational Methods in Computer Vision (SSVM’25),
United Kingdom, 2025

• M. Renaud et al. Equivariant Denoisers for Image Restoration.International Conference on Scale Space
and Variational Methods in Computer Vision (SSVM’25), United Kingdom, 2025

• F. Robert et al. 3D Semantic Cell Segmentation via Propagation of 2D results and Integration of
Intercellular Priors.International Symposium on Computer-Based Medical Systems (CBMS’25), Spain,
2025

• F. Robert et al. A Comprehensive Framework for Unsupervised Deep Analysis of Tissue Bioarchitec-
ture.International Symposium on Computer-Based Medical Systems (CBMS’25), Spain, 2025

• F. Robert et al. Improving cell instance segmentation in scanning electron microscopy via semantic
image synthesis, International Symposium on Biomedical Imaging (ISBI’25), United States, 2025

• F. Robert et al. Enhancing cell instance segmentation in scanning electron microscopy images via a
deep contour closing operator.Computers in Biology and Medicine, 2025

• A. Spagnoletti et al. LATINO-PRO: LAtent consisTency INverse sOlver with PRompt Optimization.
IEEE International Conference on Computer Vision (ICCV’25), United States, 2025

• B. Turcotte et al. Comprehensive analysis of 55,213 stones: understanding common morphological
associations advances endoscopic stone recognition and AI integration. World Journal of Urology,
2025.
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8.2 Modeling, Data assimilation and AI for cancer biology and pulmonary diseases

Participants: Annabelle Collin, Christèle Etchegaray, Olivier Saut.

A significant body of this research focuses on applying deep learning and multimodal data integration
to improve cancer prognosis and treatment evaluation. Michot et al. demonstrated the use of deep
learning on digital pathology images to predict metastatic relapse-free survival in soft-tissue sarcomas, and
highlighted the smaller importance of tumor margin compared with tumor center and periphery in the risk
assessment. Similarly, Beltzung et al. leveraged deep learning to quantify immune cells and assess prognosis
in radiotherapy-treated oropharyngeal squamous cell carcinomas, offering new insights for personalized
treatment strategies. Meanwhile, Costa et al. used deep learning in a multicenter pilot study to accurately
predict the prognosis of gynecologic smooth muscle tumors of uncertain malignant potential, reinforcing
the role of AI in addressing complex diagnostic challenges. Chouleur et al. further advanced this field by
integrating transcriptomics, proteomics, and radiomics data to predict recurrence in IDH-mutant gliomas,
showcasing the power of multimodal approaches in oncology.
Another key area of innovation lies in mathematical modeling and data assimilation to integrate and interpret
longitudinal biological data. Ciavolella et al. developed a parameterized mathematical model to decipher the
binding dynamics of circulating tumor cells in microfluidic systems, providing a framework for understanding
metastasis and help the identification of new therapeutic targets. Finally, Decoene et al proposed a multiscale
model that links cilia, mucus, and airflow in airway clearance, showing stable mucus patterns without
ventilation and nonlinear feedbacks during breathing—key for respiratory health and disease.

• A. Michot et al. Prognostic prediction in soft-tissue sarcomas using deep learning and digital pathology
of tumor and margin areas.Scientific Reports, 2025

• F. Beltzung et al. Leveraging Deep Learning for Immune Cell Quantification and Prognostic Evaluation
in Radiotherapy-Treated Oropharyngeal Squamous Cell Carcinomas.Laboratory Investigation, 2025

• T. Chouleur et al. A strategy for multimodal integration of transcriptomics, proteomics, and radiomics
data for the prediction of recurrence in patients with IDH-mutant gliomas.International Journal of
Cancer, 2025

• G. Ciavolella et al. Deciphering circulating tumor cells binding in a microfluidic system thanks to a
parameterized mathematical model, Journal of Theoretical Biology, 2025.

• J. Costa et al. Deep learning can accurately predict the prognosis of gynecologic smooth muscle
tumors of uncertain malignant potential: a multicenter pilot study. Laboratory Investigation, 2025

• A. Decoene et al. Mathematical Modeling of Mucus Transport in the Bronchial Tree with Ventilation
Effects, 2026

8.3 Modeling and analysis for cardiac and electroporation ablation therapies

Participants: Annabelle Collin, Clair Poignard.

The final set of studies explores mathematical and physical modeling in cardiac and ablation therapies.
Collin et al. conducted an asymptotic analysis of the static bidomain model, specifically for pulsed field
cardiac ablation, providing theoretical insights into the behavior of electric fields during such procedures.
Complementing this, Sutter et al. investigated the correlation between computed electric dose maps and early
post-operative MRI findings to evaluate the effectiveness of irreversible electroporation. Together, these
works highlight the importance of integrating advanced mathematical models and imaging techniques to
optimize and assess ablation therapies in clinical settings. Finally, at ISBI’25 and CBMS’25, Désier et al.
introduced deep learning models to optimize electric field distribution and dosimetry in electroporation
therapies, enhancing precision in ablation treatments.
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• A. Collin et al. Asymptotic Analysis of the Static Bidomain Model for Pulsed Field Cardiac Ablation.
Mathematical Methods in the Applied Sciences, 2025

• K. Désier et al. Deep modelling of electric field distribution for clinical electroporation ablation
therapies. International Symposium on Biomedical Imaging (ISBI’25), United States, 2025

• K. Désier et al. A deep learning-assisted hybrid model for electric dosimetry in electroporation
therapies. International Symposium on Computer-Based Medical Systems (CBMS’25), Spain, 2025

• O. Sutter et al. Correlation between computed electric dose maps and early post-operative MRI for the
evaluation of irreversible electroporation. Physics in Medicine and Biology, 2025

9 Bilateral contracts and grants with industry
9.1 Bilateral contracts with industry

Participants: Olivier Saut.

• Contract with Dassault Systems (at Inria level, through the Meditwin consortium).

• Contract with Institut Bergonié.

Participants: Astrid Decoene.

• Cifre contract with Siemens (with Université Paris-Saclay).

• Cifre contract with EDF (with Inria team MEMPHIS)

Participants: Nicolas Papadakis.

• Cifre contract with Acteon (with CREATIS, Lyon)

10 Partnerships and cooperations
10.1 International research visitors
10.1.1 Visits of international scientists

Other international visits to the team

Noémie Moreau

Status post-Doc

Institution of origin: Center for Molecular Medicine Cologne

Country: Germany

Dates: January 8-10

Context of the visit: Seminar
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10.1.2 Visits to international teams

Research stays abroad

Van Linh Le

Visited institution: Kather Lab, EFKZ, TU Dresden

Country: Germany

Dates: October 2025

Context of the visit: Collaboration on deep learning applications for sarcoma

Mobility program/type of mobility: Research stay

10.2 European initiatives
10.2.1 Other european programs/initiatives

Participants: Astrid Decoene
.

• Title: I3WaterS (MSCA Doctoral network )

• Partners: IMB and I2M (Université de Bordeaux), Regie de l’eau Bordeaux, and international partners
in Barcelona, Dublin, Delft, Napoli...

• Total fund for Université de Bordeaux : 600k=C

10.3 National initiatives
10.3.1 BPI Project ConeBeam AI

Participants: Baudouin Denis de Senneville, Nicolas Papadakis .

• Title: ConeBeam AI

• Partners: Acteon (company, leader), CREATIS, Inria MONC

• Total funds: 1.89M=C (MONC 444K=C).

10.3.2 EvoMulti project

Participants: Christèle Etchegaray(PI) .

• Title: Identification of conditions favoring evolutive transition towards multicellularity: combining
experiments and mathematical modeling

• Inria MONC (leader), IBGC

• Total funds : 50k=C.

• Funded by Institute of Mathematics for the Planet Earth ; previously funded by 80Prime CNRS.
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10.3.3 ANR Project HOLIBRAIN

Participants: Baudouin Denis de Senneville, Nicolas Papadakis (co-PI).

• Title: Holistic Brain Analysis

• Partners: LaBRI (leader), Inria MONC

• Total funds: 543k=C (MonC 160k=C).

10.3.4 Meditwin project

Participants: Olivier Saut.

• Title: Digital twins for hepatic metastases

• Inria Mimesis, IHU Strasbourg, Institut Gustave Roussy, Dassault Systems

• Total funds : 275k=C.

10.3.5 PLBIO

Participants: Baudouin Denis de Senneville.

• Title: Internal biological architecture of hepatoblastoma tissues as a marker of response to Irinotecan

• Inserm MIRCADE (leader), Inria MONC, BIC

• Total funds : 592k=C.

10.3.6 ANR Project OPLA

Participants: Baudouin Denis de Senneville, Nicolas papadakis.

• Title: Optimal MRI Protocol for monitoring small vessel disease at Low mAgnetic field

• Laboratoire CRMSB (leader), Inria MONC,

• Total funds : 700k=C.

10.3.7 RIE Project Metamap

Participants: Baudouin Denis de Senneville.

• Title: Studying metabolic dysfunctions in tissues by multimodal imaging

• Laboratoire CBMN (leader), Inria MONC,

• Total funds : 127k=C.
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10.3.8 LIS Project Investment

Participants: Baudouin Denis de Senneville.

• Title: Morphological and Functional Lung Imaging Software

• Inserm CRCTB (leader), Inria MONC,

• Total funds : 200k=C.

10.3.9 PEPR PDE-AI

Participants: Nicolas Papadakis.

• Title: Partial Differential Equations for Artificial Intelligence: numerical analysis, optimal control and
optimal transport

• ENSAE, Sorbonne U., U. Bordeaux, U. Lyon, U. Nancy, U. Nice Côte-d’Azur, U. Paris-Cité, U.
Paris-Dauphine-PSL, U. Paris Saclay, U. Starsbourg, U. Toulouse

10.3.10 TISSAGE project - CNRS MITI call

Participants: Christèle Etchegaray (PI).

• Title: Role of tissue in cell differenciation regulation: conceptual approach, mathematical modeling
and biological validation.

• Partners: INRIA MONC, IBGC, ImmunoConcept

• Total funds: 12k=C.

10.4 Regional initiatives
10.4.1 CytoFLAM project

Participants: Christèle Etchegaray(PI) , Baudouin Denis de Senneville.

• Title: Flow cytometry data analysis for early characterization of Acute Myeloid Leukemia

• Inria MONC (leader), Bordeaux University Hospital

• Total funds : 120k=C.

10.4.2 Mod4AS - RRI project Newmoon

Participants: Christèle Etchegaray.
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• Title: Deciphering tumor response to propranolol in angiosarcoma: mathematical modeling and data
assimilation

• Inria MONC (leader)

• Total funds : 20k=C.

11 Dissemination

11.1 Promoting scientific activities

11.1.1 Scientific events: organisation

General chair, scientific chair

• Mathematics and Image Analysis, IHP Paris, January 13-15, link

Participants: Nicolas Papadakis.

Member of the organizing committees

• Biennale Française des Mathématiques Appliquées et Industrielles (SMAI’25), Carcans, June 2-6,
link

Participants: Olivier Saut.

• Forum Mathématiques et Entreprises (FEM), Paris, October 7, link

Participants: Astrid Decoene.

• 25e Forum des jeunes mathématiciennes et mathématiciens, Bordeaux, November 26-28, link

Participants: Astrid Decoene, Christèle Etchegaray.

11.1.2 Scientific events: selection

Member of the conference program committees

• Scale Space and Variational Methods in Computer Vision (SSVM’25), UK, May 18-22, link

Participants: Nicolas Papadakis .
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Reviewer

• Scale Space and Variational Methods in Computer Vision (SSVM’25), colloque GRETSI’25

Participants: Nicolas Papadakis .

• International Conference on Medical Image Computing and Computer Assisted Intervention (MIC-
CAI’25), Medical Imaging with Deep Learning (MIDL’25)

Participants: Olivier Saut.

11.1.3 Journal

Reviewer - reviewing activities

• Journal of Mathematical Imaging and Vision, SIAM on Imaging SCiences, IEEE Transactions on
Image Processing

Participants: Nicolas Papadakis .

• Mathematical Modeling of Natural Phenomena

Participants: Christèle Etchegaray.

• Scientific Reports, European Radiology

Participants: Olivier Saut.

• Journal of Numerical Analysis

Participants: Astrid Decoene.

11.1.4 Invited talks

Participants: Nicolas Papadakis .

• Oberwolfach workshop on Mathematical Imaging and Surface Processing, Germany, May 10-16, link

• (Blind) inverse problems in imaging: from foundations to applications, CIRM, September 29-October
3, link
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Participants: Christèle Etchegaray.

• MACS seminar (Modeling, Analysis and Scientific computing), Camille Jordan Institute, Lyon.

Participants: Baudouin Denis de Senneville.

• Workshop Mathematic modelling in living organism, Institut Pasteur de Lille, Université de Lille, Lille.

Participants: Astrid Decoene.

• Workshop Modélisation mathématique et contrôle optimal pour le Poumon, Université de Haute Alsace,
Mulhouse.

• Séminaire de mécanique d’Orsay, Université Paris Saclay.

11.1.5 Leadership within the scientific community

Participants: Nicolas Papadakis.

• Co-direction of the national GDR/RT CNRS 2179 MAIAGES, Mathématiques de l’Imagerie, Appren-
tissage et Géométrie Stochastique

11.1.6 Scientific expertise

Participants: Astrid Decoene.

• Member of 2 Maitre de Conférence recruitment committees at Univ. Nantes and Univ. Brest

Participants: Christèle Etchegaray.

• Member of INRAE’s MISTI Specialized Scientific Committee (Mathematics, Computer Science,
Numerical sciences, AI and Robotics).

Participants: Nicolas Papadakis.

• Member of Inria Bordeaux CR/ISFP recruitment committee

Participants: Olivier Saut.

• Expertise for the Ministry of Research on international projects (PHG, MOPGA).

• Member of the CNRS committee for international theses (DGDS).
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11.1.7 Research administration

Participants: Nicolas Papadakis .

• Deputy director of Institut de Mathématiques de Bordeaux

Participants: Christèle Etchegaray.

• IMB’s lab Council

• Local Inria Bordeaux "Commission des Emplois de Recherche"

• Local Inria Bordeaux "Bureau du Comité des Projets"

• Local correspondent for Math Bio Santé Thematic Network

Participants: Olivier Saut.

• Scientific delegate (sustainable development, research networks, health), CNRS Mathématiques,

• Member of the Ethics Committee of the University of Bordeaux.

Participants: Astrid Decoene.

• IMB’s lab Council

• IMB’s advisory committee of Section 26.

• Until september 2025 : Member of the executive board of AMIES (Agence pour les mathématiques en
interaction avec les entreprises et la société).

11.2 Teaching - Supervision - Juries - Educational and pedagogical outreach
11.2.1 Teaching responsabilities

Astrid Decoene is in charge of the "Modeling and Numerical Simulation" track in the Master Applied
Mathematics and Statstics master at the University of Bordeaux and a member of the UFMI (Mathematics
and Computer Sciences Teachning Structure) bureau

11.2.2 Teaching

• Engineering School Enseirb-Matmeca of Bordeaux INP: Nicolas Papadakis (12h), Baudouin Denis de
Senneville (30h)

• University of Bordeaux (master): Baudouin Denis de Senneville (15h), Astrid Decoene (66h)

• University of Bordeaux (undergraduate) : Astrid Decoene (30h)
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11.2.3 Supervision

Participants: Astrid Decoene.

• Master 1 internships: Kouadio Thimote Kouame and William Ratajczak.

Participants: Baudouin Denis de Senneville.

• Apprentice: Synthia Sébastien

• Master 2 internships: Antonin Clerc (co-supervised with Nicolas Papadakis), Maria Larsen

• Master 1 internships: Raphaël Durand

Participants: Christèle Etchegaray.

• Master 2 internship and projects : Julie Lesthelle (Sociology, co-supervised with Nicolas Papadakis and
Sophie Duchesne) ; Interdisciplinary project (Cancer Biology, co-supervised with François Moisan)

• Master 1 internships: Félicia Dossou (CMI ISI), Maële Lebreton-Cheminel (ENSTBB)

Participants: Nicolas Papadakis.

• Master 2 internships: Antonin Clerc (co-supervised with Baudouin Denis de Senneville), Clément
Delmas (co-supervised with Laure Vilatte, BIOGECO), Julie Lesthelle (Sociology, co-supervised with
Christèle Etchegaray and Sophie Duchesne)

11.2.4 Juries

• President of PhD juries: Baudouin Denis de Senneville (1), Nicolas Papadakis (2), Astrid Decoene (2)

• Member of PhD juries: Baudouin Denis de Senneville (3), Christèle Etchegaray (2), Nicolas Papadakis
(2), Astrid Decoene (4)

• Member of Medical Theses juries: Olivier Saut (2)

• President of HdR juries: Astrid Decoene (1)

• Member of HdR juries: Olivier Saut (1), Astrid Decoene (1)

11.3 Popularization
11.3.1 Productions (articles, videos, podcasts, serious games, ...)

Participants: Christèle Etchegaray.

• Co-creation of a 1h-long "Egalitarian Communication" session for high school scholars, with Clémence
Frioux, in the context of the "Moi Mathématicienne, Moi Infomaticienne" (MIMM) program. Link
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11.3.2 Participation in Live events

Participants: Christèle Etchegaray.

• Organisation and animation of the "Mathematics and Biology" round table at "Forum Entreprises et
Mathématiques", CNAM

• Speed-meeting for "Filles, Maths et Informatique, une équation lumineuse", Agen.

• Co-animation of 4 "Egalitarian Communication" sessions for the MIMM program, and of 2 sessions
for high school interns.

11.3.3 Others science outreach relevant activities

Participants: Baudouin Denis de Senneville, Christèle Etchegaray, Nicolas Papadakis,
Olivier Saut.

• Numerics week: Practical Applications of Digital Technology, Computing, and Mathematics

• Public: Master’s students, engineering students, and doctoral candidates in mathematics, computer
science, and data science
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Radiology and Nuclear Medicine. Shanghai, China: arXiv, 2025. doi: 10.48550/arXiv.2412.11776.
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[41] K. Chahdi. ‘Mathematical Modeling in Oncology for Improved Characterization of Lesion Heterogen-
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[42] K. Desier. ‘Contribution of deep learning to the numerical evaluation of dosimetry in electroporation’.
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[43] F. Robert. ‘Exploring the internal organization of tumor tissue through volumetric imaging, numerical
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Reports & preprints
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ience/hal-05368825.

[45] A. Clerc, M. Quellmalz, M. Piening, P. Flotho, G. Kornhardt and G. Steidl. HOT-POT: Optimal
Transport for Sparse Stereo Matching. 18th Jan. 2026. url: https://hal.science/hal-05469185.

[46] A. Decoene, S. Martin, B. Mauroy and C. Méziane. Mathematical Modeling of Mucus Transport in
the Bronchial Tree with Ventilation Effects. 21st Jan. 2026. url: https://hal.science/hal-0547
0485.
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[52] D. Clément. ‘Segmentation de nématodes dans des images de microscopie’. Talence: Université de
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