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1940 ! first cyclotron  
 « college de France », in Paris  

(Frédéric Joliot-Curie) 

//upload.wikimedia.org/wikipedia/commons/7/76/Curie_Joliot_1934_London.jpg
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1956 !  Orsay University  
(South Paris) 

 

IPN: Institut  de Physique Nucléaire 
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//upload.wikimedia.org/wikipedia/commons/d/d7/Joliot-fred.jpg
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Orsay Synchro 
50 years operation ! 

 

 

Same with upgrading in 1977… 
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1974 ! Orsay Synchro 
a « double bladded sword» 

 

PHYSICAL: MASS SPECTROMETER 

 BIOLOGICAL: ANIMAL EXPERIMENTS 
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Two « competitors » 
 in heavy particles 
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NEUTRONS 
(1987-2007) 

[NEUTRONS]/PROTONS 
(1991) 
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Cancer 

Cancer in Europe : 3.2 millions new cases/Y  

 1.7 million deaths/Y 

 

Cancer en France : 350, 000 new cases/Y  

 150, 000 deaths/Y 

 

Cancer: first cause of mortality in France  

 

 

Trends: + 50% new cases 2000-2020 
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Cancer 

Cancer management 

Surgery 

Radiotherapy (200,000 pts/Y) 

Chemotherapy 

Alone or combined50%cure 
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Most advanced photon therapy 

equipments 

CYBERKNIFE 
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 Particle  radiotherapy 

Ar 

Si 

C 

P 

Ne 

π 

He 

6/20MV Co60 

250kv 

LET/

RBE 

Physical dose 
After Fowler, 1981 

 « conventional » RT 

Research in RT  
80s’ 

R&D 
90s/2000s 
HADRONS 

Biological 

effectiveness  
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Avantages balistiques 

Photons   SOBP 

RX 

Pr 
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Lateral penumbra in depth 
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PROTONS : ADVANTAGES LATERAL 

PENUMBRA 

GTV 

Tronc 
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Ballistical advantages HCP: 

beams’« PATCHING » 
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CPO: physical achievements 
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CPO : technological achievements 

  

Initial robot: French 
    (LOGABEX) 

Final robots: partly French 
(FANUC/GIAT) (PROCURE) 
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Clinical achievements 
(P in Ocular T) 
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Ocular melanoma (2214 evaluable) 

Outcome (min 

2YFup,Med:68m): 

Death: 25% 

(2/3:melanoma) 

Mets:20% (86%:liver) 

Local failure: 4% 

(3/4 enucleation, 

1/4conservative) 

2ary enucleation: 6.7% 
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Ocular melanomas: DFS in particle therapy 
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Clinical achievements 
(P in Skull base) 
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High dose protontherapy  

Skull base sarcoma 

Sparing brain stem ! 
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Brain T  in child:

RX : Intensity modulation

Brain T  in child:

RX : Intensity modulation

30Gy

10Gy

10Gy

Axial Sagittal

30Gy
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Brain T  in child: 

 Protons : no intensity modulation 

10+30 Gy 

10+30 Gy 
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PEDIATRIC TUMORS: breakthrough ! 

 29 m-old child 
      G III ependymoma 
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High energy proton project, including 
pediatric program 
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Renovating ICPO (Orsay) 
(2010) 
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Expanding Nice Center to advanced 
photon technology 
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Protontherapy in Europe: 

France well-positioned 

England:

2021 

France

:9425 

Germany

:2146 

Italy: 

174 

Russia: 

8324 

Sweden:

1073 

Switzerland

:6733 
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1994 ! End (modest) ion therapy program 
in France !! 

Shut down SATURN synchrotron in Saclay: 
phys and biol experiments on ions (A Bridier, 
J Dutreix, IGR) 

 

End EULIMA project on ions based 
superconducting …cyclotron ! 
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1994 ! End ion therapy program in US 

                                                                February 11, 1994 

 

     Dear Jean-Louis, 

 

       I believe [ion] programs will benefit immensely from our  

       limited experience in 400 patients at LBL… We mainly used neon and 
in retrospect this may have been unwise due to the amount of normal 
tissue damage encountered…I believe …to try something like carbon 
ions… may be of value… 

 

                                                                 Joseph  R. Castro, MD 
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Carbon ions :  

BALLISTICAL + BIOLOGICAL 

  

RBE=N 
8mm upstream 

90s’: The Japanese era 
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Courtesy Pr Tsujii, 

NIRS 

Pior RT 48 m post RT 

Inoperable sinuso-nasal melanoma 

57.6GyE/16fx 
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Equipment:  1 accelerator + 3 or 4 C treatment rooms 
 
Financial investment: Public 
 
Estimated cost: 200 M€ 
 
Amortization: treatment sessions (Social Security: 
Health service) 

  
Starting: 2013 (?), operational in 5 years: objective: 
1500 à 2000 patients per year with C  

ETOILE project (Lyon) 

« Espace de Traitement Oncologique par Ions 
légers dans le cadre Européen » 

38 
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BRON 

Futur J. Mermoz 
private Hospital 

IARC 
E. Herriot Hospital 
Centre Léon Bérard 

Croix-Rousse 
Hospital 

Neurological and cardiology 
Hospitals 
Future Mother & Child Hospital 
CERMEP 

ETOILE Center 

South Lyon 
Hospitals 

Desgenettes 
Hospital 
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OMERRIC project:  

exploring new indications 
 

Biological and physical basic criteria 

to apply Hadrontherapy 
 

 

Local Working Groups 

Screening of all  topographies and histologies to 

identify a priori any potential indication for 

Hadrontherapy 
 

 

“Evidence based medicine” 

approach 

 screening of all relevant literature to 

extract the present state of the art out-

come of selected pathologies 
 

 

“Epidemiological landscape”  

 search of national French collection 

of cancer registry (FRANCIM) and 

“One day survey” in French radiation 

oncology departments 
 

International 

experts evaluation 

and validation 

 
Indications double hierarchy = priority table 

 
1) according to the frequency 

2) according to the expected medical benefit 
 

 

Rational choice of indications to organise the recruitment 
through international multicentric prospective clinical trials 

 

Clinical Trial n° 1 for hadronthérapie 

zegqergqeomfhmlqejheqùtjheqojhoqejthùojetùphjùqsetophjpqejthoqjethùjqetùhjqùptjohùqrotjhùpqtjhopjqtpohjqeùthjùpotjhopq

tjhopsjthpojsrthojqùpetohjqopetjhqopetjhqopejthqopejthopqejthopjqethopjqùpetohjùpqojhqojethpoqjethojqùpetohjqùpeotjhùqo

petjhopqejthùopqjehopjqethjoqùpoerjghùpqrjghiùohjrgklfhlihbjljhbjhoej 

“General criteria have been defined for indication of hadrontherapy by carbon ions, for the patient, the tumor and the 

treatment possibilities : 

- For the patient 

o General physical and mental status compatible with the treatment 

o Lack of serious condition reducing the vital prognostic at short term 

- For the tumor 

o Tumor for which the best existing treatment has a high rate of failure either because of the radioresistance 

of the tumor or because of the sensitivity of surrounding healthy tissues insufficiently protected by classical 

radiotherapy technique. 

o Disease limited to the local-regional stage or having a weak metastatic potential or having a very slow 

progression of the metastatic part or which metastatic part can be efficiently treated by chemotherapy  

- For the treatment by carbon ions  

o Medical imaging and history allowing a precise definition of the clinical target volume (tumor and invisible 

extensions) 

o Possible use of an efficient repositioning mean for precise tumor repositioning and movement monitoring 

during treatment 

o Limitation to the anatomical sites that can be targeted by the irradiation setting in case of fixed beam (for 

the treatment centers without gantry).” 

Work 

in 

Progress 

A portfolio of multicenter  clinical trials 

The priority table 

Beginning 2002 

      2002 - 2003 

      2003 - 2004 

           For 2005 

 During 2005 to 2007 

Organ ICD-O2 Localisation Further criteria selection
Current tretament; graduated list of 

concurrent treatment to carbon

Eye, Brain & 

CNS
C70

Meningioma

(all localisations)
Inoperable begnin meningioma

Photons;

IMRT, Protons

Eye, Brain & 

CNS
C70

Meningioma

(all localisations)

Begnin menigioma with risks of 

surgical sequelae

Photons;

IMRT, Protons

Eye, Brain & 

CNS
C70

Meningioma

(all localisations)
Malignant meningioma Gr 2-3

Photons;

IMRT, Protons

Eye, Brain & 

CNS
C72 Neurinoma Inoperable

Photons;

IMRT, Protons

Eye, Brain & 

CNS
C72 Neurinoma Risks of surgical  sequelae++

Photons;

IMRT, Protons 

Eye, Brain & 

CNS
C71

Low grade glioma
(3)

 with bad 

pronostic :

40 year old, voluminous 

tumor, symptoms, 

inoperable

1
st 

step :  post RT tumor relapse 

with progression under 

chemotherapy 

Photons;

Protons 
(8)

Eye, Brain & 

CNS
C71

Low grade glioma
(3)

 with bad 

pronostic :

40 year old, voluminous 

tumor, symptoms, 

inoperable

2
nd

 step : inoperable tumor not 

previously irradiated and 

progressive under chemotherapy

Photons;

Protons 
(8)

Eye, Brain & 

CNS
C71

Low grade glioma
(3)

 with bad 

pronostic :

40 year old, voluminous 

tumor, symptoms, 

inoperable

3
rd

 step : post-operative RT
Photons;

Protons 
(8)

Eye, Brain & 

CNS
C71 Glioblastoma

1st step :  post RT tumor relapse 

with progression under 

chemotherapy 

Photons;

Chemoradiotherapy

The potential indications tables 
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Equipment:  1 accelerator + 2C + 1P treatment rooms 
 

Financial investment: Private with public support 
 
Estimated cost: 100 M€ 
 
Amortization: treatment sessions (Social Security) 
 
Starting: 2013 (?),  

     partly operational (P) in 3 Y: objective: 850 P patients 
per Y;   

     fully operational in 5Y (P+C): Phys, Biol, selected 
patients for C 

ARCHADE project (Caen) 

Advanced Resource Centre for 

HADrontherapy in Europe 

42 



06/05/2012, 

Krakow 

44  

COPIGAL 2 

meeting 

Tarif T2A : 03 / 2009 

Libellé Tarif (€) 

Protons/s 1161 

Curie/s 1030 

Tech spéciale :ICT/s 892 

Autres tech spéciale: névraxe/s 596 

RTcomplexe/séance(IMRT…) 200 

Autre technique/s 

 

168 

 

Préparation 3D 

 

924 

 

Préparation non 3D 360 
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C400 (MeV) : cyclotron supra P + C 
Comment faire du neuf avec du vieux !!   

protons 

Ions Carbone 

Bobine 

supraconductrice Cavité 

accélératrice 

Culasse de 

l’aimant 

Faisceau extrait 

Sources H2+ et Ions C 

Déflecteur 

Refroidisseur 

cryogénique 
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ENSICAEN 

IUT 

CYCERON 

GANIL 

LPC 

CIMAP 

CIMAP 

LARIA 

ARCHADE 

Archade : vient renforcer un campus déjà exceptionnel :  
de la physique nucléaire fondamentale … imagerie… biologie… au 

traitement du cancer… 
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Centre François Baclesse 
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Which future for hadronT. 
 in France ? 

We have existing equipments in protons 
We have clinical projects in proton therapy 
We have projects « from bench to bed 
side » in ion therapy 
We need coordination and support from 
governmental authorities… 
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France HADRON is a proposal for a unique national 

institution made of 5 centers 

- A national infrastructure distributed on 5 nodes : 

- ETOILE Center in Lyon, 

- ARCHADE Center in Caen, 

- Centre Antoine Lacassagne / IMPACT in Nice, 

- Curie Institute / ICPO in Orsay, 

- Claudius Regaud Institute / PERICLES in Toulouse. 

 

- with the partnership of CNRS/IN2P3 (IPNL & LPC) and of IRSN, 

 

- and the support of INSERM, INCa, CEA, ENLIGHT, ULICE and 16 

industrials et public institutions including CNES, Thales, Mérieux... 
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France HADRON - objectives 

- To optimize technical means and procedure for 

hadrontherapy, 

- To federate research teams and organize research at a 

national level, 

- To build new research beam lines for protons and carbon 

ions, 

- To fund beam time and beam line access for research.  
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France HADRON – scientific project (1) 

- Multidisciplinary: medicine, physics, biology, computer, etc. 

- 25 teams are involved : 

 Lyon - Clermont-Fd : teams of C. Rodriguez-Lafrasse, M. Beuve, D. 

Dauvergne, G Montarou, N. Foray, D. Sarrut, B. Shariat, B. Ribba, P. 

Pommier. 

 Nice : teams of JM. Hannoun-Levi, P. Mandrillon. 

 Orsay : teams of A. Fourquet / R. Dendale, A. Mazal, J. Hall / F. 

Pouzoulet. 

 Caen : teams of D Cussol / J. Colin, M. Bernaudin, K. Boumediène, JL. 

Lefaix, MH. Moscatello, JL. Habrand. 

 Toulouse : teams of E. Moyal, P. Celsis / A. Laprie / M. Delannes, R. 

Ferrand 
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France HADRON – scientific project (2) 

- Organized into four working packages: 

 WP1 - How to identify and assess the medical value of hadron therapy 

(clinical research) 

 WP2 - How to improve treatment plans (measurements, modeling and 

computer simulation) 

 WP3 - How to better understand the effect of treatment (radiation 

biology, radiotoxicology) 

 WP4 - How to improve the quality control of treatment 

(instrumentation). 
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Merci ! 
Thank you ! 

  

MEDICAL COORDINATORS 


