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Protontherapy



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



Radiation therapy with protons

+ accurate
++ expensive
(heavier particle,
more accurate treatment)





PT center under operation
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22 PT centers

1960: pioneers  1980: the squatters  

2000: the « industrials »  

Protontherapy < 1% of radiation therapy



Hospital centres for protontherapy ( >500 pts/year)5 in USA, 4 in Japan, 1 in China, 1 in Switzerland,  1 in 
Germany,  1 in Korea, 1 in Italy, 1 France …

(running or financed: 50 to 130 M€/facility)

6 companies offer turn-key centres



Institut Curie- Centre de protonthérapie – Orsay ( 45  persons, 14 for technical)

Starts 1991.  Patients treated: + 4000 eye + 1000 head&neck

Large fields room

Synchrocyclotron 200Mev

Small fields room



The medical specifications

2006 from 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 2006-2010 : extension and renovation of the facility



Building integration in the Campus



Accelerator (230 MeV, 500nA)



Le cyclotron (1)

Energie: 230 MeV
Courant max: 500 nA
Minimum: 0,1 nA
Emittance: 12 pi.mm.mrad
Diamètre extérieur magnétique: 434 cm
Hauteur totale magnétique: 210 cm
Poids total aimant: 220 tonnes
Consommation électrique: 446 KW

Mode harmonique: 4
Fréquence: 106,1 Mhz
Tension Dee (extraction) 130 kV peak



Cyclotron (2)

Nombre de secteur: 4
Hauteur maximum entrefer: 96 mm 
Champ maximum colline: 2,9 t
Champ maximum vallée: 0,9 t
Champ moyen à l’extraction: 2,188 t
Champ moyen au centre: 1,76 t
Induction magnétique: 5.234 10E5 At
Densité de courant des bobines: 155 A/cm2
Puissance par bobines: 110 Kw
Poids par bobines: 10,4 t
Poids d’acier: 200 t



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

Beam line transport

Rotation structure



Gantry (10 m, 120 t)



Gantry treatments



Systems  Process Teams







Cyclotron&Beamline)

R&D physics 
&Technology

Robotic & Imaging

IT&Control
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Industrial
Supplier

Technical and
engineering

Medical
Physics

Therapists
&Dosimetrists

Medical
doctors

operate

4+ 15 6 20 4

Maint level 1

Test&QA

Maint level 2 ?

Developments



Organic distribution of the team 

kinds of activities machine-lines IT-control mechanical tt rooms utilities

operation-production 3 2 1
support 3 1 0,5 0,5 0,5 0,5
maintenance-consolidation 3,5 1,5 0,5 0,5 0,5 0,5
development 5,5 1 2,5 1 1

15



Reliability&Maintenance for 
protontherapy



Criticity of breakdowns in a radiotherapy facility 

1 hour 1 day 1 week

manageable

Impact on the
medical planning

criticity

time

about a disaster …



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



Loops of progress
« LEAN » method



do

check

act

plan

Loop of progress: PDCA (weekly)



do

Basic logbooks

act

plan

Example 1: maintenance on mechanical

Sort



Example : work on sensible part of the machine

Medical / non medical ?
Who will aware the impact on beam ?

Who will define the test ?



« integral » approach of 
considerations



Considerations  for treatment

safety

conformity

reliability

productivity

development



safety in radiation therapy (a major issue)

•a safe treatment
� good beam (1-settings , 2- read-outs )
� good position
� good patient
� …

• safety helped by risk analysis
� analytical (FMEA, number of defence barriers) 
� retrospective (real facts, REX)

• safe if … reliable
� Many sessions (days)  of beam for a patient
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Working with a main external 
supplier



IBA: leader in Protontherapy, 5 facilites as Orsay in the world



New accelerator
+ gantry
+ beamlines

Existing
Facility

New medical
wing

The project 2006-2010 : extension and renovation of the facility



Principles of maintenance 
Services contracted to the supplier

Year 0 + Year 1:
training for operating and maintenance level 1

Year 1:
warranty of uptime
shared operating + shared maintenance level 1
all the other maintenances
Spare part package

Year 2 and +
hotline support
support for maintenance level 2
Support for corrective maintenance (delays + numbers)
Spare parts services
updates of software



Principles of maintenance 
Services contracted to the supplier

Year 0 + Year 1:
training for operating and maintenance level 1

Year 1:
warranty of uptime
shared operating + shared maintenance level 1
all the other maintenances
Spare part package

Year 2 and +
hotline support
support for maintenance level 2
Support for corrective maintenance (delays + numbers)
Spare parts services

2011: New deal for year 2:

-still 3 engineers on site

-3 cooperations group to improve 
workflow, maintenance & diagnostic 

- inject feedbakc of others site



++++

-Industrial approach (systems, 
maintenance proceedures, spare parts, 
…)

-Big community ok knowledge and 
feedback

- complementary approach 
(ex:obligation to formalize needs) and 
expert teams

-- - - -

-Time response for upgrade and bug 
corrections

- where is the right information ?

- on integral approach of the problem

- cost and sometimes differents 
interests



Inputs for this workshops



Classical
technologies

Intermediate
Physics&technologies

Users
Advanced

Physics&Technologies

Reliability required
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Classical
technologies

Intermediate
Physics&technologies

Users
Advanced

Physics&Technologies

Reliability required

Ability for preventive approach

Evolution of knowledge and informations



What is good to centralize ?:

- Decision of planning (week, 
annual)

- Main indicators for customers 
(reliability, …)

- Decision on budget, upgrades

What is good to de-centralize ?:

- Specific know-how
- Working groups
- …

What is good to promote ?

- Customers needs
- The maintainers involved in the results
- The efficinet silent works 
- The « just » level of documentation
- …



Nouveau Centre de Protonthérapie

1er treatment ophtalmo: juillet 2010
1er treatment gantry: octobre 2010
1st treatment fix beamline: juillet 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. Meyrone inc, 
A. Patriarca, S. Thepault,
+ Physicens Médicaux + Manipulateurs  + Médecins
IBA: G. Chau, JB Ruaud, B. Van Lierde, N. Brixko, …

224 / 230 days (97,4%) où tous les 
traitements planifiés ont été effectués le 
jour prévu (6 jours où ils ont été décalés)
464 patients traités au 30/09/2011. 

Thank you for your attention
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Indications Classiques (HAS)
Tumeurs radiorésistantes proches d’organes critique s

Chordome Chondrosarcome

• Possibilité de traiter des tumeurs proches d’organe s à risque (tronc 
cérébral, chiasma,  nerf optique, cerveau, cochlée,  …)

• Possibilité  de réaliser une escalade de dose afin d’augmenter le contrôle 
local.

Tronc 
cérébral

Tumeur

Traitement : 5 séances/semaines pendant 6 à 8 
semaines



Mélanome de la 
choroïde

Mélanome de 
l’iris

Tumeur

Iris

Papille

Macula

1.5 
mm

Indications Classiques (HAS)
Tumeurs radiorésistantes proches d’organes critique s

Traitement : 4 séances/semaine pendant 1 
semaine

• Possibilité de traiter des tumeurs proches d’organe s à risque (cristallin, 
Macula, papille, nerf optique)

• Possibilité  de réaliser une escalade de dose afin d’augmenter le contrôle 
local. 


