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To be recruited
PostDoc, UCA

microdosimetry

Gaetan RAYMOND

PhD student (2021-2025), CIFRE
Siemens-Unicancer

CT dosimetry and
image quality

Daeun KWON

PhD student (2023-2026),
CNRS-IN2P3

FLASH therapy,
radiolysis/Radiobiology

David Grimbichler
IT engineer, CNRS

GATE (C++, Python)...
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The GATE Monte
Carlo platform
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open source
) Tech. Coord.
David Sarrut
Spokesperson
Lydia Maigne

Europe

FH Aachen, University of Applied Sciences, Julich, Germany
Medisip, Ghent University, Belgium

Christie Medical Physics & Engineering, Manchester, UK

JPET collaboration, Poland
Institute of Nuclear Physics Polish Academy of Sciences, Poland

Paul Scherrer Institute (PSI), Switzerland

France l l
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10 labs
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MSKCC, New York, USA
UC'Davis, Davis, USA

Sogang University, Seoul, South Korea
QST, Chiba, Japan

Elsewhere
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Imaging

prompt-gamma

SPECT
Compton Camera ;
CT (including DECT)

CBCT (kV, MV)
X-ray |mag|ng

phase contrast X-ray

Nucleari |mag|ng |

mammographs

proton radiography
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Helium /

crystals
SiPM
fluorescence " “
Detectors (imaging)
Cerenkov optical
bioluminescence
digitizer

proton tomography \ lon imaging /

Dosimetry

, proton therapy

photon beam

Radiation therapy particle therapy (Carbon, Helium, etc.)

brachytherapy

EM fields

PN

,fﬁwz
¢ ¥

edep (MeV), dose (Cy)

Gate Detectors (dose) dose to tissue/to water
medical physics
applications LET, TEPC

Lu177, Y90, 31 etc ¥
i %

Activity Map  Atténuation Map  Dose Map

alpha therapy

Radionuclide therapy
DPK

per-treatment imaging

The OpenGATE ecosystem for Monte Carlo simulation in medical physics -
https.//doi-org.in2p3.bib.cnrs.fr/10.1088/1361-6560/ac8¢c83
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ActivityMap  AtténuationMap  Dose Map

BIOEMTECH, Greece
7 BIOEMTECH, Greece LPC, Clermont-Fd

ya v\“ﬁ\
‘AN Open source & open access platform
LPC, Clermont-Fd o

Developed in C++, 20 years old

More than 2000 users

Exit window Interactions in

ITS
/
A ’ a water tank
# & /A /
¢ ;
T ‘

DDS
(box 1 and 2)

Vacuum window (A JPET project
GATE-RTion (MedAustron Nozzle)

IPHC, Strasbourg
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- lonization

- Excitation

- Fragmentation

- Radical production

Sub cellular structures

Nano dosimetry

Delage et al. 2015

[

HAT[ Multi-scale simulations

Elementary processes:

Organ motion

Evolution Of tumour Patient morpho[ogy
- Growing Cancer induction
- Control
Death,cycle arrest - Vascularisation Biological dose
Migration /metastases
Mechanical properties Bystander
Morphology

Patient

Dose [%]
100,

Clusters of cells / Organ ™.
@ -
Cell

Micro dosimetry

() NanOx

Molecules

cpop.in2p3.fr

PMRT

MSB

Sc. Rep. 7 (2017) 11923

Dufour A et al, (2018), Modeling the dynamics of
oligodendrocyte precursor cells and the genesis of
gliomas, PLoS Comput Biol., 14, €1005977.

LPCHEM code

J. Comput. Phys. 274 (2014) 841-882

Open source and open access toolkits
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» Interdisciplinary research

Molecular
lesions

% MOLECULAR-CE

DNA

Target Theory
versus NTE BIOLOGY — MEDICINE

PHYSICS | CHEMISTRY

MULTISCALE ‘ Mitochondria (contributions P. Vernet)

From mol. to organsims

TIME-DEPENDENT . . ..
SpECIfIC radiative env. (contributions F. Piguemal)
QUALITATIVE

QUANTITATIVE Metabolic pathways (contributions O. Seksek)

N

/)

» From PHYSICS, CHEMISTRY to BIOLOGY and MEDICINE
» From IN-SILICO MODELING to IN-VITRO and IN-VIVO VALIDATION
» From MOLECULES to ORGANISM

Multicellular organisms (contributions H. Seznec)
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"...g/"[ GATE 10 - Try it A

python

pip install opengate
opengate_tests

See: https://github.com/OpenGATE/opengate
Docs: https://opengate-python.readthedocs.io
Examples: https://github.com/OpenGATE/GateContrib

More than 100 tests & examples available
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Pond ecosystems
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NITROSOPUMILUS MARITIMUS

pdosimetry for radioecology

Evaluate the dose received by microorganisms living in
naturally radioactive ecosystems

External
exposure

Diameter 0.5 um
50% water and sediments

External Internal
activity
2.04 uGy h* 9.63-10% uGy h™ | 1000 Bq L
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GATE MARIM DB
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exposure

42

microorganisms

diameters
0.5
7

to

EXPOSURES

INTERNAL

Medium water

/,»' 1200 pm Edep (MevVBqg's™)
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chains

EXTERNAL
Porosity:
0,50and 100 %
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Www.ramones-project.et
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..... sure: External v
M M 304
Select environment density only for external exposure
Environment density (g/cm?): 1.00 Z251
=
" 9
Pure water Pure sediment 2 20
©
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815
Activity concentration: = 1000 Units:
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Diameter [|im] s— 20.0
Microorganism Diameter (um): | 20 Dose rate [uGy/hl:

Scientific production (1 DB, 2 papers)
GATE MARIM DB - https://github.com/lpc-umr6533/marim

G R. Fois et al, Journal of Environmental Radioactivity, https://doi.org/10.1016/j.jenvrad.2025.107639
S. Kolovi et al, PlosOne, https://doi.org/10.1371 /journal.pone.0292608



https://doi.org/10.1016/j.jenvrad.2025.107639

Water radiolysis in FLASH therapy w.

H* (68 MeV) et He2* (70 MeV) [0,1 Gy/s — 300 kGy/s]

0 ns s min hours days years generations

PHYSICS  CHEMISTRY BIOLOGY - early response BIOLOGY - late response (CANCER)
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G R. Fois et al, Medical Physics, https://doi.org/10.1002 /mp.17281

Scientific production (1 code, 1 paper) J




177Lu-Tz 9mTc-NTP-15-5

177Lu-PSMA 68Ga/64Cu/f’C 90Y chitosan

1311.ICF01012

u-chelator hydrogel
Peritoneal
Melanoma . . .
carcinosis Cartilage Glioblastoma
C 3 Clinical trials
Breast cancer (arthrosis)
MELRIV - CARSPECT

Dose (nGy/MBq) Tmaging

ORGANS Liver 3.12+£052

Kidney right 4.61 +1.62

Kidney left 3.99+1.59

Spleen 1.82+0.42

Stomach 1.04 £0.29

Lung right 1.84 £0.37

Lung left 1.62 £0.37

Heart 1.48 £0.34
Brain 0.019 +0.004

Bladder 0.09 £0.02

Spinal cord 0.74+0.19

CARTILAGES Knee cartilage (av) 3.96+045

Fiision Hip cartilage (av) 1.05 £0.12

Humerus cartilage (av) 1.16 £0.15

}spECT'CT Sternum cartilage 1.04:£0.19

o Lumbar disc (av) 0.20 +0.06

Thoracic disc (av) 0.14 £0.03

RED BONE  Lumbar vertebrac (av) 0.84 £0.25

MARROW  Thoracic vertebrae (av) 1.15 £0.27

Femur (top) 0.80 £0.09

Femur (bottom) 0.62+0.12

Tibia 0.58 £0.06

Pelvis 0.51+£0.12

Humerus 0.57+0.08

. e Sternum 0.64+0.13

3D CT image (spheroid, Radiopharamaceutics biodistribution Dose calculation in human for

rodents, human) from SPECT and PET imaging PMTc-NTP15-5 SPECT imaging
Scientific production

Chanchou et al, EINMMI research, https://doi.org/10.1186/s13550-025-01318-3
Thivat et al, Frontiers in Medicine, https://doi.org/10.1186/s12885-022-09495-3

CRA,\ Fois et al, Medical Physics, https://doi.org/10.1002/mp.14603
. Maigne et al, EJMP, https://doi.org/10.1016/j.ejmp.2021.07.016
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Biological dose calculation in hadrontherapy
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Dy Physical and biological PBS carbon-ion doses simulated with GATE/NanOx for a patient
RBE = _D Proton Carbon-ion with a tumor (the GTV is highlighted in light purple) in the sinonasal region.
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. o0 phy i o0 phy i Y
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1 1 1 o } 4 i UE' I / . Il'p ) \ —— physical dose
Different biological models tested: <. I od N NI S "\ |/ == biological dose
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Cumulative physical and biological DVH for the GTV and OARs (optic nerve (left and
right), eye (left and right) and chiasm) of the carbon-ion treatment plan simulated with GATE

Scientific production

Pereda et al, Phys. Med. Biol., submitted ,::‘ — o LAB=X
Ali et al, Cancers, https://doi.org/10.3390/cancers14071667 iP2 i CR=/TIS PRIMES
Ali et al, Medical Physics, https://doi.org/10.1002/mp.15609 ™ UNIVERSITE DE LYON
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Réseau de collaboration

g LAB=X
© LaRégir N

COPIL
LabEx

PRIMES
Encadrement

Equipe 1 PostDoc Coordinatrice
Simulation 2 doctorants WP5

LPCA 11IR
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NUCLEAIRE
& PARTICULES

COPIL

EIJWAVE
transverse

Calcul
@ COR

MI2B Outils et méthodes nucléaires
pour la lutte contre le cancer

Resp.
Master

Welcome to the Health, Environment and Energy
Department

Projet
FLASH

Collaboration
Scientifique
internationale
OpenGATE

Porte-parole

Plateforme de simulation
open source
20 ans d’expérience
25 partenaires (public, privé)
+ 30 développeurs
+ de 2000 utilisateurs
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* Depuis 2019
* Formation a distance
 3jours, 7h/j, 1a 3 /an, intra
e 10a 15 apprenants
* Privé: THALES, ORANO...
 Public: CNRS, CEA, ASNR...

 Séquences de 2h avec cours et
travaux pratiques

\_ /

Enseignement et diffusion

Contenu
pédagogique

Ressources
de calcul

veg

MESOCENTRE

EEEEEEEEEE
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Evaluation

Qualiopi

ccccccccccccccccc

unicancer

A partir de 2025

Formation hybride

3 jours, 7h/j, 1/an

10 a 15 apprenants

* physiciens médicaux,

radiothérapeutes,
meédecins nucléaires,
radiologues,
dosimétristes...

Séquences de 2h avec cours
et travaux pratiques



Coordination of Master project FLASH
(Lydia Maigne)

2026-2029 (WP4 — Digital twins & WP5 —
Open database)

NEMESIS project

nanc . -jmest =R (G

unicancer
ANR IRhydroBrain project

N Clermont
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Trajectory — Digital twins for health L

=

What are the fundamental mechanisms involved in the FLASH

effect in hadron therapy?

* Impact of different temporal beam structures

* High-fidelity digital twins validated against experimental data
e Simulation of water radiolysis in biological environments

Are we able to provide personnalized digital twins for targeted

alpha therapy?
Model the Relative Biological Efficiency (RBE)

» Differenciate the biological response (cell types, cellular cycles and tumour
environment)

* Precisely characterize cell and sub-cellular damage

* Consolidate collaborations with industrials and clinical partners

Does GATE10 will become THE gold-standard opensource multi-

scale simulation platform?

* Establish a sustainable framework with IN2P3 and INSERM/ASNR partners
* Consolidate our collaboration with the Geant4-DNA collaboration

* Promote the usage of the platform (trainings, schools...)

* Propose high-quality research service provision
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Trajectory — Digital twins for environment LPC,

Extension of the GATE MARIM DB to Can we develop cross-species biophysical models that

artificial radioisotopes predict risk from microdosimetric parameters?
% * Integrate radiobiological weighting factors (RBE, radiation quality, LET) for
[ ] . ;
‘,_,HAI [ environmental dose—effect extrapolation.

How do microdosimetric energy distributions correlate
with biological endpoints across species?

Apply to Eurjopean or PEPR calls in - DNA double-strand break yields, oxidative stress, bystander effects,
radioprotection reproductive toxicity, etc.
- anrfgemenaﬁonale » Are there conserved biomarkers of radiation effect applicable to both humans
delarecherche and wildlife?

How can microdosimetry models be integrated into One Health

risk-assessment systems?
- Clermont « Combine environmental dosimetry, ecotoxicology, and human radioprotection
' [MI’[ 6 Geantd /\uverg e databases.
R e npobeqtel, » Develop interoperable data standards linking microdosimetric metrics to
exposure and health outcomes.



Merci pour votre attention

lydia.maigne@clermont.in2p3.fr
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