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Perception of proton therapy in France by the medical 
community, until recently

The greatest success in 
radiotherapy over the 
past three decades

What has been the greatest failure of 
radiotherapy over the past 30 years?

Insufficient level of evidence? Too slow
Some unexplained toxicities?
Difficult patient referral pathways? treatment 
delays? 
Health economics : Cost? 
Cognitive bias? 

• 120 participants ‘rad oncs, phy, RTT)
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Evidence from the US == > Change in practice trial 
in head and neck cancer in 2025

• Frank SJ Lancet  2025

• Better progression-free survival and overall survival

• Less toxicities 
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Strategies to increase the level of evidence in France 

Matched study of French healthcare utilization comparing 
proton and photon therapy using SNDS data

• 13,000 patients, including 4,000 treated with protons (2018 – opening of 
proton therapy in Caen – 2022)

• Study based on the French National Health Data System (SNDS) 

• From meningiomas to radioresistant skull base and spinal tumors.

• Referral bias toward proton therapy for patients with pre-existing 
sensory deficits (optic or ENT sequelae) prior to radiotherapy.

• Despite this, survival was similar to markedly superior.

• Investigating ways to obtain data on French patients referred abroad 
(Germany, Italy, and other countries).
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Strategies to increase the level of evidence in France
Prospective multi-scale cohorts

5

Gy

cataracte

Function damage 

(Electrophysiological signals)

Structural damage

Physics 

quantities 

LET , dose

rate per

spot



6

Strategies to increase the level of evidence in France

Prospective multiscale cohorts

• Predictive and mechanistic modeling; actionable : opportunity
to define new treatments against toxicities

• Exemple : optic neuropathy : vision loss

Endothelial cell death / hypoperfusion

Axonal degeneration Demyelination
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Proton therapy

• Ongoing Trials 

• On brain sparing and preservation of Cognitive function 

• Collaborative 3-proton therapy center studies 



8
8

Proton therapy ramp-up 2018-25 
@Cyclhad-Centre Baclesse

30,000 fractions

1,300 patients

150 kids

Patients treated 

Modern Proton 

therapy in France

> 2016 (IMPT / PBS 

+ MFO)

Kids’ referral (French registry): 1% in 2006 to 

29% in 2021 

+ Business plan compensated by the Region 
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PROTON THERAPY IN CAEN : 
CYCLHAD FACILITY + CANCER CENTRE BACLESSE

+ NORMANDY HADRONTHERAPY

 Volume patients: TOP 1 
Europe & TOP 3 Monde (1 
salle ProteusONE)

 Note Google 4.9/5

Unique centre for multi ion 
hadrontherapy in France 

 1 of the 20 multi-ions centres  
worldwide

 1st with a cyclotron

 distractive methods for kids, 
Low grade Brain, Sinonasal,  skin 
tumors

 Specific patient referral : 
sensitivity to uncertainties 
In field materials, robustness . . . 

Timely referal toward one of the 3 centres via PROTONSHARE platform or direct medical 

contacts ;  Caen  : protontherapie.caen@baclesse.unicancer.fr
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Ions 

Proton Helium Carbon Oxygene

Balistics

Distal penumbra - + +/- +/-

Lateral penumbra -- + ++ ++

Fragmentation tail ++ +/- -- --

Biology

High TEL (ionisation density) - +/- ++ ++

RBE +/- + ++ ++

RBE Incertitude +/- + ++ ++

OER -- -- + ++

Cost Compared to proton / +/- ++ ++

Courtesy of T Tessonnier and JM Fontbonne

Next challenges 
Multi-ions hadrontherapy / C400 machine
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• A project built at regional, national, and international levels

• A multi-ion prototype facility in France, in Caen

• Commercial proton therapy room S2C2

Clinical C400 room plus experimental radiobiology and 

physics rooms

• Application domains / clinical conditions / interdisciplinary 

collaboration

• Clinical C400 proton beam in 2026 (PTCOG so so) ? 

carbon and helium beams planned for 2028 ? 

Implementation Timeline (Countdown)
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French ecosystem for multi ion hadrontherapy in Caen
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C400 IONS
Vue aérienne
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C400
Installation en cours – Premiers traitements en Carbone et Hélium à partir de 2028
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Indications of ions carbone

• Poor prognosis / radioresistant and inoperable tumors 
without a “magic bullet.” : Unmet need.

• Carbon ions are not a better radiotherapy for everyone, 
but a better radiotherapy for some patients.

• They are delivered using hypofractionation: typically 12–
15 fractions (massive transition toward hypofractionation in 
France for all techniques)

• In some countries, such as Japan, indications extend 
further, including metastatic disease across many primary 
tumor types.
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Clinical strategy
• Treat each patient within a structured evaluation framework, from 

prospective cohort studies to randomized trials: evidence-based 
medicine to support reimbursement.

• Indications

• Conventional indications
• Re-irradiation

• Large sarcomas

• Melanomas

• Innovative approaches
• Adaptive strategies (IGRT, ART)

• Upright positioning (deformation modeling/AI, patient comfort, patient advocacy
groups) versus supine positioning – dual approach

• Immunotherapy combinations (radiation-induced lymphopenia mitigation, cold-to-hot 
immunogenic conversion) and targeted molecular therapies

• Differentiating and disruptive techniques
• Personalized adaptive planning based on hypoxia

• Carbon FLASH therapy – C400 specificity, early-phase development
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Biological targeting

• Radiosesistant / hypoxic

• Challenges

• Tracers

• Dynamics of hypoxia 
over the course of RT

• Correlation with OER 

• Dose prescription 

• Fragmentation scale
modeling

• Biological model 

R
e
la

p
s
e

In
fl
a
m

m
a
ti
o
n

re
la

p
s
e

H
y
p
o
x
ia

?



18
18

C400 positionnement patient mixte Upright + supine 
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IA Représentation numérique et algorithmes

Application Web d’aide à la décision

Patient Physique

Traitement (photon ou proton)

Planification

Dosimétrie 

Pré traitement

Données cliniques

Images (IRM, scanner, …)

Collection et 
traitement 

des données 
automatisé

Le jumeau numérique est un modèle mathématique qui simule sur ordinateur les processus se 
déroulant dans un organisme vivant ou une partie de celui-ci. Il est appelé “jumeau” car il est 
calibré à partir de données spécifiques à un individu. Il se fonde soit sur des mécanismes mis 

en équation, soit sur des approches de machine learning.

Jumeau numérique

Post traitement

Données cliniques

Rapports de suivi
(rechutes locales, globales, …)

Similarité, comparaison et 
clustering en grande 

dimension
SOTA : Phénograph

Radiomiques
SOTA : DINO 

v2-ViT

Données 
structurées 
(tabulaires) :

Feature 
selection and 
engineering
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Vivier de données pouvant 
être utilisées avec 
l'évolution des différents 
traitements cancéro

OAR

toxicités

Dosimètries

OAR

Suggestion : 
Photon ou 

proton

Classification des 
toxicité / comparaison 

avec les modèles 
radiobiologiques NTCP 

Toxicité
Visualisations 

et 
comparaisons

Chaque source de données clinique est représentée sous 
forme de matrices, un graph est par la suite construit sur 
ces matrices afin de représenter le patient.

Algorithmes d’IA adaptés 
à  chaque source de 
donnée pouvant évolués 
avec l’état de l’art 
technologique

aRTwin: Virtually simulate each patient’s trajectory across all treatment modalities 

before selecting and delivering the most appropriate radiotherapy strategy

Multiscale digital twins



20

Preclinical - One Health 

• Veterinary medicine integrated with medical oncology and radiation 

oncology

• Preserving living resources: EU 4R-compliant; ethical and strategic

approach

• Collaboration with Dallas and an expanded Normandy network 

(contact: Isabelle V., veterinary radiation oncologist)

• Treatment of dogs and cats:

• Oral melanomas, Large facial sarcomas, Gliomas

• (Indications suitable for carbon ions, protons, and helium ions)

• Accelerating translation to human patients.
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Scientific committee

• Cyclhad  and discussions with Baclesse, CNRS 

• Designation of the strategic committee (3 already nominated) 

• Sub groups / work packages being built

• First meeting March 9, 2026

• Equipments and modeling for the clinic

• Beam models (before those of the C400) installed in the TPS (RS 
fall-back / research dosimetry workstation)

• GATE beam line modeling (ongoing for S2C2 proton machine)
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Scientific animation

• SFNO Hadron4Life (following on March 2025 symposium) 
monthly meetings, in English; to be extended to external
attendees

• Webinars on proton therapy (Curie Dr Dendale, Caen Prof 
Thariat, Nice Prof Doyen) and carbon ions (Caen Prof 
Thariat, Luembourg Prof Vogin) planned in March, April 2026

• on behalf of the French Society of Radiation Oncology SFRO, 
which is very supportive ; current President Prof Olivier 
CHAPET 

• With financial support from CYLHAD
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SWOT ions carbones en France
23

+ Strengths

• Pic de Bragg 

• Haut LET (carbone) 

• Efficace même si hypoxie 

tumorale

•Dommages complexes faiblement 

réparables; Faible dépendance au 

cycle cellulaire; immunogénicité

• Dernier recours potentiellement 

curatif

- Weaknesses

• Coûts 

• Accès limité 

• Biais d’adressage 

• Bénéfice clinique variable

• Patients ayant une maladie de 

mauvais pronostic

Opportunities

• Unmet needs (radio-résistance, 

ré-irradiation)

• Multi-ions 

• Combinaisons innovantes

Threats

• Preuves insuffisantes 

• Queue de fragmentation

• Evaluer le risque M+ au 

traitement 

• Pression médico-économique
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2026

CONSTITUTION DU COMITE 
SCIENTIFIQUE

WELCOME in CAEN / DEAUVILLE 
8 - 12 June 2026 

Track records for # of 
submitted abstracts 

> 1600 attendees awaited

www.cyclhad.fr
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Clinique
•Thariat J, Letellier V, Ohno T, Yamada S, Fossati P, Orlandi E, Harrabi S, Balosso J, Gaubert G, Haghdoost S, Habrand JL. Clinical White Paper From the "Hadrontherapy for Life" Symposium-Clinical Expansion of Carbon Ion Facilities Worldwide. Int J Part Ther. 2025;19:101290. 

doi:10.1016/j.ijpt.2025.101290. 

•Habrand JL, Gaubert G, Haghdoost S, Thariat J, Rouzier R. Editorial-A Milestone in the Technological Development of Hadrontherapy, in FranceHadrontherapy, cryogenic cyclotron. Int J Part Ther. 2025;19:101288. doi: 10.1016/j.ijpt.2025.101288. PMID: 41510221

•Habrand JL, Harrabi SB, Yamada S, Wang Z, Haghdoost S, Light E, Ohno T, Doyen J, Dendale R, Balosso J, Larnaudie A, Vela A, Pompos A, Hoppe B, Mahajan A, Thariat J. "Hadrontherapy for Life" Symposium, Caen, March 10/11, 2025-Strategy for the Future-Pediatric Tumors. Int J Part Ther. 2025 Nov

26;18:101286. doi:10.1016/j.ijpt.2025.101286
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Committee. Sinonasal malignancy: ESMO-EURACAN Clinical Practice Guideline for diagnosis, treatment and follow-up. ESMO Open. 2025 Feb;10(2):104121. doi: 10.1016/j.esmoop.2024.104121. 

•Vischioni B, Barcellini A, Magro G, Rotondi M, Durante M, Facoetti A, Thariat J, Orlandi E. Radioresistant, Rare, Recurrent, and Rdioinduced: R</i>s of Hadrontherapy for Patients Selections. Int J Part Ther. 2024;15:100737. doi: 10.1016/j.ijpt.2024.100737. 

• Ahmad R, Barcellini A, Baumann K, Benje M, Bender T, Bragado P, Charalampopoulou A, Chowdhury R, Davis AJ, Ebner DK, Eley J, Kloeber JA, Mutter RW, Friedrich T, Gutierrez-Uzquiza A, Helm A, Ibáñez-Moragues M, Iturri L, Jansen J, Morcillo MÁ, Puerta D, Kokko AP, Sánchez-Parcerisa D, Scifoni E, 

Shimokawa T, Sokol O, Story MD, Thariat J, Tinganelli W, Tommasino F, Vandevoorde C, von Neubeck C. Particle Beam Radiobiology Status and Challenges: A PTCOG Radiobiology Subcommittee Report. Int J Part Ther. 2024;13:100626. doi: 10.1016/j.ijpt.2024.100626. 

•Thariat J, Ferrand FR, Fakhry N, Even C, Vergez S, Chabrillac E, Sarradin V, Digue L, Troussier I, Bensadoun RJ. Radiotherapy for salivary gland cancer:REFCOR recommendations by the formal consensus method. Eur Ann Otorhinolaryngol Head Neck Dis. 2024;141(4):221-226. doi: 

10.1016/j.anorl.2023.11.006
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•Usami N, Hirayama R, Kobayashi K, Furusawa Y, Le Sech C. Combination of agents modifying effects in hadrontherapy: modelization of the role of HO° free radicals. Int J Radiat Biol. 2020 May;96(5):622-627.doi:10.1080/09553002.2020.1721594. 
•Vogin G, Wambersie A, Pötter R, Beuve M, Combs SE, Magrin G, Mayer R, Mock U, Sarrut D, Schreiner T, Fossati P, Balosso J. Concepts and terms for dose/volume parameters in carbon-ion radiotherapy: Conclusions of the ULICE
taskforce. Cancer Radiother. 2018 Dec;22(8):802-809. doi:10.1016/j.canrad.2017.11.016. 
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doi:10.1097/CAD.0b013e328340fd2b. 
•Bajard M, De Conto JM, Remillieux J; ETOILE Study Group. Status of the "ETOILE" project for a French hadrontherapy centre. Radiother Oncol. 2004 Dec;73 Suppl 2:S211-5. doi: 10.1016/s0167-8140(04)80050-1.

Radiobiologie
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•Perréard M, Florent R, Divoux J, Bastit V, Lecouflet L, Desmartin G, Guillemot S, Ibazizene L, Elie N, Brotin E, Poulain L, Babin E, Thariat J, Chevalier F, Weiswald LB. Use of patient-derived tumor organoids from head and neck squamous cell carcinoma for the evaluation of the differential effect of carbon 

ions over X-rays. Radiother Oncol. 2025 Sep;210:111026. doi: 10.1016/j.radonc.2025.111026. Epub 2025 Jul 3. PMID: 40617441.

•Valable S, Césaire M, Lecrosnier K, Gilbert A, Tudor M, Vares G, Hamdi DH, Diouf OB, Nguyen Pham T, Coupey J, Thariat J, Lesueur P, Pérès EA, Aury-Landas J, Nikitaki Z, Haghdoost S, Laurent C, Poully JC, Balosso J, Bernaudin M, Savu DI, Chevalier F. Particle Therapy to Overcome Cancer Radiation 

Resistance: "ARCHADE" Consortium Updates in Radiation Biology. Cancers (Basel). 2025 May 6;17(9):1580. doi: 10.3390/cancers17091580. PMID: 40361506; PMCID: PMC12071746.
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•Nisar H, Konda B, Hoffmann MD, Labonté FM, Arif M, Diegeler S, Schmitz C, Baumstark-Khan C, Chevalier F, Hellweg CE. Effect of Reoxygenation on Radioresistance of Chronically Hypoxic A549 Non-Small Cell Lung Cancer (NSCLC)Cells Following X-Ray and Carbon Ion Exposure. Int J Mol Sci. 
2025;19;26(18):9153. doi: 10.3390/ijms26189153. 
•Guerra Liberal FDC, Thompson SJ, Gardner LL, Parsons JL, Chevalier F, Tabury K, McMahon SJ. Assessing the Relative Contribution of DSB Repair Proteins as a Function of LET. Int J Part Ther. 2025 Jul 26;17:101198. doi:10.1016/j.ijpt.2025.101198.
•Ben Diouf O, Gilbert A, Bernay B, Soumboundou M, Sall C, Chevalier F. Multi-proteomics investigation of the early response to X-rays and carbon ion irradiations of HeLa cells. Integr Biol (Camb). 2025 Jan 8;17:zyaf008. doi:10.1093/intbio/zyaf008. PMID: 40532120.
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doi:10.1016/j.radonc.2024.110669. 
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•Gérard M, Corroyer-Dulmont A, Lesueur P, Collet S, Chérel M, Bourgeois M, Stefan D, Limkin EJ, Perrio C, Guillamo JS, Dubray B, Bernaudin M, Thariat J, Valable S. Hypoxia Imaging and Adaptive Radiotherapy: A State-of-the-Art Approach in the Management of Glioma. Front Med (Lausanne). 2019 Jun 

12;6:117. doi: 10.3389/fmed.2019.00117. 
•Monini C, Cunha M, Testa E, Beuve M. Study of the Influence of NanOx Parameters. Cancers (Basel). 2018 Mar 21;10(4):87. doi: 10.3390/cancers10040087.
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