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Histories
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Principles of Proton Therapy



Main rationale for protontherapy: the distal curve, Bragg peak

depth (cm water)

D
o
s
e
 (

%
)

20

40

60

80

100

0
5 10 15 20 25 30

Protons

Range

Energy for photons ~ 10 MeV

Energy for protons ~ 250 MeV

m proton ~ 1800 m electron

1800 * 25 = 45 000 times of 

magnetic « power » required !



Principles of protontherapy (distal and lateral penumbraes)

Beth –bloch

formulae

(dE/dx)= 4 p zeff
2 e4 (NAZ ) { ln (2mv2/ I (1-b2)) - b 2 - S(Ci/Z) }

A mev
2

Potential effect of motion



Strategy of irradiation and dose estimation



0

20

40

60

80

100

120

140

2002 2004 2006 2008 2010 2012 2014 2016 2018

0

20 000

40 000

60 000

80 000

100 000

120 000

140 000

160 000

180 000

2003200420052006200720082009201020112012201320142015201620172018

Protonthérapie Carbonethérapie

Protontherapy

170.000 pts (~0, 5 % RT)

Carbon-therapy

30.000 pts

in 2018

105 facilities

Present

statistics
Patients

Facilities



Particle Therapy Centres

ENLIGHT Meeting, UCL, London, 26 june 2018
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Today’s treatments at CPO





Pencil Beam

Spot size from 3 to 8 mm (sigma)

Scanning

Scan in both direction to cover the 

tumor

1 spot : 2,5 ms min

Transition beetween 2 spots : 2 ms

1 liter in less than 1 minute



1 session of treatment: ~20 min/patient, 1 min of beam, 2 Gy delivered

( ~ 35 sessions / patient) 





Features of activities at CPO

• 3 treatment rooms

•Technical hours 6:30  - 19h30

• Patients: 8h00- 18h30

• 40-50 patients / day

Staff: 50 people

•Medical doctors, medical physicist

•Therapists, medical Secretaries, Admin

• Technicians and Engineers

•Maintenances: Monday-Thursday early

morning + some saturdays, 

•4 Fridays OFF /year (no long shutdown)

nb of sessions / year

~ 98% of patients treated the day scheduled



Top 4 of today’s issues 

• Preventive maintenance – « skilled » Monitoring

• Escalation process

• Range uncertainties

• Imaging – quality and adaptative approach



- Timing and protocols for escalation

(2 min - 10 min – 30 min- 1h- 2hour-1day)

- Protocol of interface 1-1 (simple, no affect)

Level of trust in the diagnosis and duration

Example of short–term  issues: interaction&escalation

Medical Technical

MedPhys Tech CurieTherapist

Patient

Doctor

-

- Define who is the owner of the affair

- Critical Components Identified

- Documentation- Safeties

IBA



Perspectives



Bmax = 3 T

Bmax = 2,2 

T

Bmax = 5,6 

T

Bmax = 10 T

The challenge

to shrink the dimension 

of the accelerators.

And to decrease the 

cost of treatment



Perspectives for Centre de Protonthérapie

- Clinical activities – more patients –more publications – more 

localizations

- Smooth operations and reliability – Management of obsolescences

- Intensification of Experimentations (evening and shifts)

- Investigation for innovations modalities



19 octobre 2020

26

What and when

Physics and radiobiology experiments

Afternoon, evenings or saturdays depending on the research project

Availability: 200h/year (at least)

How

Engineers and medical physicists support in the design and preparation of the experiment

 Possibility to store physics equipments in a specific room

 Radiobiology experiments can be performed with the support of RadExp plateform

(IC – Research Center, see next slide)

 Availability of cells and animal models (Research Ministry dedicated authorizations),

 Radioprotection follow up

 Beam time and preparation are available under payment

Experimental Irradiation conditions at ICPO

Contact: comex.cpo@curie.fr

(A. Patriarca , L. De Marzi)

mailto:comex.cpo@curie.fr


FLASH radiotherapy

dose delivery time << 500 ms and dose rate >> 40 Gy/s

CONV FLASH
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IC Inserm U1021/UMR 3347CNRS

(V. Favaudon, C. Fouillade, S. Heinrich, L. De Marzi, A. Patriarca, P. Verrelle, et al…)



Mini beam Radiation Therapy

The healthy tissues would profit from 

the spatial fractionation of the dose: a 

lateral dose profile (peak and valleys 

pattern) at 3 cm depth is show on the 

left.  A homogenous dose distribution 

is obtained in the tumor. 

(Y. Prezado, A. Patriarca, L. De Marzi, et al)
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- Homogeneous dose deposition

- 2 Gy / minute

- heterogeneous dose deposition

- ~100 Gy / sec

Life-cycle of a new treatment modality



People and Teams Associated to this presentation

BTI service:

C. Devalckenaere, A. Patriarca, J; Assuli

E. Brot, JD Bocquet, R. De Abreu, V. Delivet, 

L. Fugeray, E. Hierso F. Martin, M. Tall, S. 

Thepault 

CPO: Dr R. Dendale, F.Goudjil, S. Lucas, C. 

Rochas, C. Davet, J. Verdonck

And all the teams

Radiation Onoclogy Dept: Pr G. Créhange, Dr 

V. Calugaru, Dr P. Verrelle

IC Research Centre:

M. Amor Guéret, M. Dutreix, V. Favaudon, S. 

Heinrich, C. Fourcade

Y. Prezado, F. Pouzoulet.





Summary

1. Histories

2. Principles of Protontherapy

3. Today’s treatment and activities at CPO

4. Some of the perspectives

5. Questions & Discussions

Thank you !


