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Plan

Dlaczego wigzki jonow?

Ksztattowanie wigzki — 2 podejscia.
Zderzenia jonéw z jadrami — straty i korzysci.
Leczenie ruchomych organow.

Osrodki terapii wigzkami jondw na sSwiecie.



Dlaczego wiazki jonow?
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Dlaczego wiazki jonow?
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Dlaczego wiazki jonow?
«Jon wegla deponuje w komorce okoto 23 razy
wiecej energii niz proton o tym samym zasiegu.

Efekty naswietlania jonami komorek sg jakosciowo
rozne niz naswietlania fotonami i protonami:

jony powodujg wiecej nieodwracalnych uszkodzen
DNA w jgdrze komorki.
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Definicja RBE ( elative 1ological ffectiveness)
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Definition of the
biological
effective dose

W. K. Weyrather, GSI
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Dlaczego wiazki jonow?

254 MeV/u carbon ions ]
300 MeV/u carbon ions
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Rozpraszanie wielokrotne

12C _.9

brotons _9 .
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Zaniedbywalne rozproszenia poprzeczne dla jonow wegla



Zalety terapii ciezkimi jonami

Wysoka dawka w tarczy — niska w tkance zdrowej
Precyzyjne leczenie (milimetrowa doktadnos¢)
Monitoring on-line z pomocg PET

Zwiekszona skutecznosc biologiczna (RBE) w obszarze
piku Bragga

Zroznicowanie RBE dla roznych komorek



Dostosowanie wigzki do pacjenta:

-pasywne ksztattowanie wigzki -system przeston i
filtrébw — Chiba i Hyogo (Japonia)

~aktywne ksztattowanie wigzki — raster scanning —
GSI, Heidelberg (Niemcy)



Synchrotron lon Source

(Particles up to
70% of light speed)

Online Monitoring
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Monitoring on-line z pomoca PET
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Monitoring on-line z pomoca PET
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Monitoring on-line z pomoca PET
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Monitoring on-line w terapii jonami wegla

w GSI Darmstadt

Planned dose

Predicted [3*-Activity

Measured [3*-Activity

kontrola zasiegu wigzki

-weryfikacja potozenia pola naswietlania

L

ik

detekcja rozbieznosci miedzy planowanym a rzeczywistym

leczeniem

kontrola przebiegu kolejnych sesji




Fragmenty jadrowe w terapii
wigzkami jonow wegla

D. Schardt, Department of Biophysics, Gesellschaft fur
Schwerionenforschung, GSI, Darmstadt

Wiazka wysokoenergetycznych Terapia jonami wegla
jonéw wegla w wodzie. 100-400 MeV/u.



High-energy fragmentation reactions

Peripheral collisions at high energies
R.Serber 1947
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Fragment spectrum

Peripheral collisions at high energies
R.Serber 1947

Elemental fragment yields
at dfferent forward angles ¢

Beam RC 270 MeV/u
Rarge in water: 143 om
Absorber 4.2 em water

Ee B [
D. Schardt 500 | 1000 | 100 . 2000 | 2900 2000 3500
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Fast neutron component
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Summary

Nuclear fragmentation is a significant effect and has to be included to best
knowledge into physical models for ion treatment planning

Spectral data are essential for RBE-calculations in complex particle field

Long dose tail is mainly caused by charged light fragments (p,x)

Neutron dose is about 1% of treatment dose, similar as in proton therapy

D. Schardt



Leczenie ruchomych organow

3D online motion compensation (3D-OMC) Okragly st
o — - C. Bert,
126 | . T 2 |
%é; P R K. Herfarth,
S. Minohara,
suitable motion

magnelle scanner system PMMA wedoe system _
- | - tracking svstem S. Webb

t $

dynamic treatment plan

.

static Moving, moving,
non-compensated compensated

» real-time, highest precision




Target Motion and Volume Conformity

* volume conformal irradiation
requires precise knowledge of
target location

« active beam delivery: strong
interferences between scanning
and target motion

« charged particles: sensitivity in
all three dimensions

Sven O, Grozinger, GS] Darmstadt




3D Online Target Motion Compensation

treatment
planning

lateral compensation longitudinal compensation target motion information
(magnetic scanning svstem)  (fast, passive energy modulator)  (dedicated motion tracking system)

t  t @

state dependent correction parameters
(pre-calculated, e.g. look-up table)

Sven O, Grozinger, GS[ Darmstadt




Commissioning of Prototype Setup (@ GSI

* lateral motion

4
e o i e moving compensated
compensation —_— e .
successtully tested
[ —

e realistic 3D dose distributions
successfully delivered to
moving phantoms

moving compensated

Sven O, Grozinger, GSI Darmstadt



Osrodki terapii wigzkami jonow

*HIMAC - Chiba (Japonia) - 3100 pacjentow od
1994 .

eavy on edical entre

Hyogo lon Beam Medical Center — Hyogo
(Japonia) — 150 pacjentow od 2002 r.

Heavy lon Research Facility — Lanzhou (Chiny)
— 27 pacjentow od 2006 r.

-GSI| —Darmstadt (Niemcy) ponad 300 pacjentow
od 1997 r.



The Austrian National lon-Irradiation Facility

The Location in Wiener Neustadt

University of Applied Sciences

First beam Is expected in 2012



Design Study

PIMMS/CNAO synchrotron
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# GS| inje(;tor 2 irradiati.on labs,
one for biology and
one for physics

Iu i W B R n.w't‘f"mﬂ'w,d‘:um*

Optimized PIMMS extraction line ‘\

4 medical treatment rooms I

2 fixed beams

1 proton gantry

1 ion gantry

1.200 patients per year




Marburg, U. Weber

Partikeltherapieanlage Marburg
Univershatsklinikum GieBan Marbung GmbH

Vorstellung Propkt PT-Anlae
4. ProeKgrippensizung 20. Marz 2007

':Beneralplaner
hammeskmauese achitektien
Sungan

mh
'WekEka + Panar, TAP

Jaogar Mornhirrag + Pariner, HLSK
MOfor + Blahar, ELT, Ferdarariagan

Swphan Brkh, LA
Hakan + Krchner, Brandschue
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Schedule for Particle Therapy in Marburg

preparation of building site
start of construction

start installation of accelerator
start installation of med. equipment
first beam In treatment room

first 3D scanning

begin of clinical operation

01.03.07
01.08.07

01.08.08
03.11.08
01.07.09
01.04.10

31.08.10



PROTON THERAPY OF EYE MELANOMA
at IFJ Krakow, Poland, M. Waligorski

Partnhers:

Institute of Nuclear Physics, IFJ | .
(60 MeV AIC-144 cyclotron) | .

Clinic of Ophthalmology CMUJ = | e
Centre of Oncology Krakow Al ‘T

W l |

Project: | i l

Approved: 2006 B R SN
Installation: 2007 PEERM Y
Commissioning: 2008 ~~LL
First patients:  Dec. 2008

- 1IN\
1IN NS
Funds: et \\\\\ f LZ

-National

JIAEATC Optical line at 60 Mev pAIC-144 cyclotron IFJ Krakow

Project will fulfill the national requirements for eye melanoma
proton radiotherapy (100 cases/year)



HIT Heidelberg lon Therapy
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Accelerator Overview

High Energy Beam Transport Line

Quelle: © Stern
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1. Rotation at

21.04.2007

13 m diameter
Deformation < 0.5 mm

Manufacturer;: MAN



FIRST PATIENT

The first Rx hopefully takes place in late winter 2007/8!
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