Part Il:
Back and forth beetween
accelerators and an application

same cases of Particle Therapy

Here are the main slides used as support of the lecture

The main part of this part of the lecture was done on the dash board

Samuel MEYRONEINC
Institut Curie — Centre de Protontherapie — Orsay

For JUAS 2014 - 7th March 2014
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Summary of this part
- Particle Therapy: rationale and history (quick remind)
- Time for patient and treatment (fews basics)

- Practical situations for:

How providing beam to therapy users ?
- Why synchro-cyclotron is back ?

some strange results observed after a radiobiology test on pencil beam
scannning ?

Maintenance: same approach as radiation therapy ?
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Particle Therapy
short rationale and history
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+ accurate

++ expensive

(heavier particle,
more accurate treatment)
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Protontherapy < 1% of radiation therapy
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Hospital cent :{md of facilities running or. financed: 50 to 130 M€/facility,

~1 Also Emerglng
- |« Carbon » therapy
¥ + accurate
|+ biology
+++ expensive
6 companies offer turn-key centres
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Beam shaping

Compensator

1. scatterer

Passive scattering

2.scatterer (contoured)

Range Shifter / .
Wheel (contoured) ; Collimator

Variable energy

Active beam scanning
e et

X-Y bending magnet
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Cycle of treatment
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Example: sarcomas of skull base
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Basis of radiotherapy

1. Multi-porting 2. Fractionation

for differential effect
(typical: 2 Gy/day)
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phenomena occurring after irradiation
(from J. Gueulette- Tubiana)
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Set the
position
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Densites
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Blue: Gross tumor volume

Yellow: Clinical target volume

Red: Planning target Volume (Protons)
White: Planning target volume (Photons)
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DOSlsoft Isogray - version 4.0 : Dosimetrie  Patient: BAPTISTE KLITTING ID: 0903798 Etude: EtudeCPO
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Treatment planning system

Strategy of irradiation and dose estimation
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e 15 134 223 02 0.9 0.9 115.8 126.2 05 0.5
Points Aléataires 2187 2793 2964 1746 2067 2067 3640 3683 1958 1956
T [ 53.86 50.86 409.08  52.85 0.00 0.00 0.00 0.00 0.11 1.03
Dose Max. (u.a.) 54.06 5410 5410 53.99 53.82 53.93 53.55 53.10 2831 923
Dose Med. (u.a.) 53.00 5362 5304  53.60 37.76 3.00 0.01 0.00 8.30 729
Dose Moy. (u.a.) 53.99 5336 52091 5357 28.53 18.01 717 4.06 8.47 6.89
Ecart Type 003 066 092 025 23.05 21.82 1217 6.93 5.50 132
Borne Dose Min.(ua) | 0.00 000 000 0.0 0.00 0.00 0.00 0.00 0.00 0.00
Borne Dose Max. (ua) | 52.70 5270 5270  52.70 52.70 52.70 52.70 52.70 52.70 52.70
Vol. sélection (cm3) 00 28 94 0.0 0.7 0.8 115.3 126.2 05 0.5
Vol. sélection (%) 0.0 210 420 0.0 83.8 88.3 99.5 99.9 100.0 100.0
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Patient positionning
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Stereotactic alignment: daily set-up

"Moo

« Rotaplus » program:
-Virtual triangles between gol

3 seeds (DRRs)...
-Compared with actual positiot
orthogonal X-Rays
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Preparation and treatment
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Each session (daily) is a 2 Gy fraction
(1 min for beam, 20 min for positioning)

The duration of the preparation process (imaging, TPS, ...) is beetween 2
and 6 weeks

Duration of a treatment is typically 6 weeks

The classical parameters of follow-up are local control and survival rate

« Scientific » results are considered for a minimum of 5 years of follow-up

For accelerator: therapy is a long-term process
I.e. reliability and workflow

Institut




Providing beam for treatment
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That are the questions

Properties of Needs Beam Beam

the beam production production
device 1 device 2

Range

(acuracy)

Intensity

(acuracy)

Shapeé&position

(accuracy)
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http://physics.nist.gov/PhysRefData/Star/Text/PSTAR.htm|

PSTAR : Stopping Power and Range Tables for Protons

WATER, LIQUID

l L

l() [T T [T T

B
||||.u|||||

Range (g/cm”)

L L

'6 I 1 Ll Ll I 1 Ll LLLlll 1 Ll Llllll
10 -
107 10° 10° 10
Energy (MeV)

— Projected Range

@

institutCurie




Case of a synchrotron (Siemens, Hitachi, Mitsubishi)
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Case of a cyclotron + Energy Selection System (IBA, Varian)
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Range 32.cm Last magnetic field | B. Ro for cyclotron +
(230-250 MeV) Magnetic field of ESS
(acuracy) <0,2% Of the field (easy) | B. Ro + slits (easy)
Intensity 0- 10 nA 0-100nA (ion 0-500nA (ion
source+extraction) | source+extraction)
Difficult for small stable
(acuracy) +/- 5% Tuning of both Easy
Or ++ for PBS | difficult To be tuned ...
Shapeé&position | 1. Passive 1. Easy, No strong links with machine
2. Scanning 2. Beam transport + scanning magnets
(accuracy) 1. Medium Linked with mainly linked with
2. high extraction lon source
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Duration of a treatment (passive): 1 minute
active scanning: 1 - 10 minutes

95% of the beam is for Beam tuning and QA of the fields

The micro and macro structure of the beam has no signficant effect on the
radiobiology consideration (in protontherapy)

Energy is, by design (almost), a stable parameter

Control of the current is one the challenge for novel techniques
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Why synchro-cyclotron is back ?
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Some strange results observed after
a radiobiology test on pencil beam
scannning

)

institutCurie




Modifying or not the design of
a standard
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Facilities: cost / size- number of people @ CERN-LHC

Cost(M€)
Nuclear Physics
Light sources ...
100-200 O Hadron-therapy
50-120 O Proton-therapy
3 ‘ Linacs for Radiation Therapy

Size, people

Y -
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Maintenance and radiation
therapy
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Quantification of the control without complications
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Absence of normal
tissue complication

1- NTCP

NTCP

Normal tissue
complication

Tumor control

TCP

Tumor control without
normal tissue complications

TPC (1- NTCP)

Dose
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Model of decision
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Thank you for your attention

Questions ?

More about protontherapy @ http://ptcog.web.psi.ch/
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