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Radiation therapy (based en X or e-   6-20 MeV) 



Radiation therapy with protons 

+ accurate 

++ expensive 
(heavier particle, 

more accurate treatment) 
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Blue: Gross tumor volume 

Yellow: Clinical target volume 

Red: Planning target Volume (Protons) 

White: Planning target volume (Photons) 



Treatment planning system 

 

Strategy of irradiation and dose estimation 





Patient positionning 



10 -  - Présentation - 23/01/2007 

Stereotactic alignment:   daily set-up 

« Rotaplus » program: 
-Virtual triangles between gold 
seeds (DRRs)... 
 
-Compared with actual position on 
orthogonal  X-Rays 
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Daily dose measurement 

 

 

Water tank 

 

Electrometer 

Routine Ionisation chamber 

 CC13 IBA Dosimetry 
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Compensator 

Collimator 

Beam’s « shaping »:   passive double scattering 
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Preparation and treatment 

Medical Staff Contour 1st day Follow-up

Imaging Imaging

Treatment planning TPS

Mechanical Mechanical devices

Patient Imaging Simu beam beam beam

Beam for QA QA QA QA QA QA

Beam
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« W » = 1 week 



Le Centre de Protonthérapie d’Orsay 
of Institut Curie 



Institut Curie- Centre de protonthérapie – Orsay ( 35 persons, 14 for technical) 

Starts 1991.  Patients treated, + 3500 eye 

     + 500 head&neck 

Large fields room 

Synchrocyclotron 200Mev 

Small fields room 



The medical specifications 

    2006       2010 

       (fixed beam)       (with a gantry) 

------------------------------------------------------------------------------- 

Eye Tumours 240   240 – 300 
 

Base of skull  90   160 – 200 
 

Children   10   100 – 130 
 

Others     -     80 – 100 

------------------------------------------------------------------------------- 

TOTAL  340   580 – 730 

 

 



New accelerator 

+ gantry 

+ beamlines 

Existing 

Facility 

New medical 

wing 

The  project in building : extension and renovation of the facility 



Accelerator (230 MeV, 500nA) 



The cyclotron 

Energy: 230 MeV 

Courrent max: 500 nA 

Minimum: 0,1 nA 

Emittance: 12 pi.mm.mrad 

External magnetic diameter: 434 cm 

Total magnetic height: 210 cm 

Total weight of magnet: 220 tons 

Electrical consumption: 446 KW 

 

Harmonique mode: 4 

Frequency: 106,1 Mhz 

Voltage on Dee (extraction) 130 kV peak 



Gantry   (120 tons, D = 10,5m) 

Beam line transport 

Rotation structure  



Building integration in the Campus 

on icpo/cs vendredi 13 avril 2007/Local Settings/Temporary Internet Files/Content.IE5/O5M7IZ0D/ICPOB-Présentation-002.avi




Some accelerator and beam issues 
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Case of a cyclotron + Energy Selection System (IBA, Varian) 

Fixed energy 

degrador Variable energy 

(same emittance) 
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Y1 

Traitements Intracrâniens (201 MeV) 

Y2  
Traitements ophtalmologiques (76 MeV) 

Dégradeur 

Momentum slits 

ES

S  
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Sélection d’énergie entre 

70MeV and 230.67 MeV Point de connexion 

C235 

Ancien CPO 

Bras isocentrique 

Nozzle universel: 

• Double diffusion 

• Uniform Scanning 

• Pencil Beam Scanning Equipement IBA 

PY1 

PY2 

Map of Centre de Proton thérapie d’Orsay 



Modifications of cyclotron (IBA) 

 to improve extraction efficiency 

- mapping et shimming more 

accurate 

 

- new deflector 

 

- new cavity 

 

- Control of intensity 

 via tension Dee 

1. + dynamic control of the beam 

2. supress of dark current 
P. Verbruggen (IBA) 



Beamline problematics 

Compromise emittance / distal penumbra / current 

A. Patriarca (CPO), B. Laune (IPNO) A. Cruz (IBA) 



Reliability for protontherapy 



Beam time during a day 

beam quality control (beam, accessories) 15 min – 1 hour (p)  

1 minute per treatment  

So beam is used only 10 % of the time 

- no treatment during the night 

 

 

Overall time of treatment for a patient: 

32 x 2 Gy (WE excluded), about 2 months  

 

 2. Long maintenances or breakdown 

                                            very disturbing for the medical planning 

 1. Short breakdowns manageable, (%adaptative maintenance) 

Uptime and reliability for  protontherapy (1/2) 



Criticity of breakdowns in a radiotherapy facility  

1 hour 1 day 1 week 

manageable 

Impact on the 

 medical planning 

criticity 

time 

about a disaster … 



Uptime and reliability  for protontherapy (2/2) 

3. Do not forget the basics of maintenance: inspection, neatness, 
preventive (screw on electrotechnical), understand the drifts, …  

 

 

4. Manage the paradoxal situation: 

• Developing is good for maintenance 

   ( learning by doing, renovation, upgrade, …) 

•Developing is bad for maintenance 

  (perturbations, safety, non « factory » approach, …)  

 

 

5. Organization during the corrective maintenance:  

Filter of « emotive » information from the medical service 



Innovation 

accuracy 
Safety 

Production 

cost 

Protontherapy: a « teenager »  field ? 



Facilities: cost / size- number of people 

Cost(M€) 

Size, people 

Linacs for Radiation Therapy 

Proton-therapy 

Hadron-therapy 

Nuclear Physics 

Light sources … 

CERN -LHC 

3 

50-120 

100-200 



Maintenance 

Electricity + cooling  (1.5 MWH) 

Building Facilities 

Accelerator Technologies 

Beamlines + PowerSupplies 

Control & IT systems 

Imaging&robotics 

mechanical 

Dosimetry&instrumentation 

… 

 

3 treatments rooms 

 

Smaller than light sources 

Big diversity  

 

 2h Monday + Thrusday Morning 

4h some Saturday Morning 

1,5 days each 3 months 

8 days each year 

 

50 weeks of treatments / year 





Cyclotron&Beamline) 

R&D physics 

&Technology 

Robotic & Imaging 

IT&Control 



do 

Basic logbooks 

act 

plan 

Example 1: maintenance on mechanical 

Sort 



Example 2: work on sensible part of the machine 

Medical / non medical ? 

Who will aware the impact on beam ? 

Who will define the test ? 



Classical 

 technologies 

Intermediate 

Physics&technologies 
Users 

Advanced 

Physics&Technologies 

Reliability required 



Classical 

 technologies 

Intermediate 

Physics&technologies 
Users 

Advanced 

Physics&Technologies 

Reliability required 

Ability for preventive approach 



Classical 

 technologies 

Intermediate 

Physics&technologies 
Users 

Advanced 

Physics&Technologies 

Reliability required 

Ability for preventive approach 

Evolution of knowledge and informations 



2013-2014 migration to PBS 

PBS = Pencil Beam Scanning 

Pencil Beam 

Spot size from 3 to 8 mm (sigma) 

 

 

 

 

 

Scanning 

Scan in both direction to cover the 

tumor 

 



Nouveau Centre de Protonthérapie 

1er treatment ophtalmo: july  2010 

1er treatment gantry: october 2010 

1er treatement fix beamline: july 2011 

5 days/50 weeks / year 

CPO: J. Argaud, M. Auger, JD Bocquet, E. Brot, V. Delivet, C. Devalckenaere,  H.Dupuis, L. Fugeray, J. Gosnet, E. 

Hierso, A. Maroni, F. Martin, S. Meyroneinc, A. Patriarca, S. Thepault, + Physicens Médicaux + Manipulateurs  + 

Médecins  + équipes IBA 

2012 

+6000 fractions 



Thank you  ! 


