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Conventionzl recloinaragy
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Fre osginning of L-ray theraoy

Orthovoltage (low energy) X-ray therapy began in January 1896.

Many complications because of the dose to the skin.

Megavoltage (high-energy) radiation in the 50s. Co-60 gamma spared the skin.
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Elrst Cogzali-60 ‘oormo’ in Cerlzic)z

1951 —first treatment at Victoria Hospital, London, Ontario

Roy Errington
founder of MDS Nordion

Dr. Ivan Smith

Cobalt-60 (1.2 MeV gammas)

has been produced for 50 years in CANDU reactors
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Aftar Worle Weir |1
alel zipiel rlaw ‘cooalt 0ornos’

{ {ARALlLLTl “BiiME

' 1 Cobalt source
s, S <@, 2000

10 million patients treated with cobalt‘gamma rays

Important for developing countries
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Tria a2laciror lirzc

Sigurd Varian William W. Hansen

Russell Varian

1939 —
Klystron invention !!!

The first linac for electrons
GHz
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‘ConvenuenalSradieierEpy i EiRcCEECIeib IS EINEE

In the world radiation oncologists use 10 O0Greleciion linacs

40% of all the existing accelerato)s
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Izl O ezlfsia [l ienls ey \leeltffzitec) Feclizitiorn Trieraoy = IMFT...

Courtesy T. Lomax (PSI)

.. and now “Image Guided Radio Therapy” for @recn moten
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TThe accelerators: Used tedeyANceieREREpY Az ERE el Cis

Teletherapy with protons (200-250 MeV)
CYCLOTRONS (*) (Normal or SC) SYNCHROTRONS

) — e

6-9 metres

(*) also synchrocyclotrons

Teletherapy with carbon ions (4800 MeV = 400 MeV/u)

SYNCHROTRONS

T

18-25 metres

CERN - 15.1.08 - U. Amaldi




TThe time strucilres GiriENsEeliiSTcER EIa At IiEnE

CYCLOTRONS (*) (Normal or SC)

time

The pulsed beam of fixed energy
Is always present

SYNCHROTRONS

=7

;' 15s

BEAM ON BEAM ON
1-4s

time

A cycling beam of variable energy
has 1 second gaps

(*) A synchrocyclotrons cycles at hundreds Hertz
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EUropeEan: SUCCES STOINARSHOIRSIEC IR INIIEIS
PSI (Villigen- Switzerland)
Gantry 1: 350 patients
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Tl BROSCAN ardject of PS): 2007

SC cyclotron Experiment

COMET
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Genliry 2 of PSSl 200

Compact design: 3.5 m radius
Rotation on one side only

Double parallel scanning

Spot scanning technique
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Sjoai searlnine et PS|wiin Garliry 2

1. Lateral scanning
Single ‘spot’ with bending magnet

upstream at 2 ms/step

2. Depth scanning by 3. Lateral scanning
changing energy with with bending magnet
absorber upstream and moving the bed

In future: fast beam scanning with repainting
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IWIFAR=lglinksiiae ol tfziieel Rariicla Thieraoy with orotons

4 NON-UNIFORM FIELDS

Courtesy T. Lomax (PSI)
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Protomns

9 X-ray fields
'.'1 f N
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Floienis i eltizipltieii el diffgraent frorm A-reys

Carbon ions deposit in a cell 24 times more energy than a proton

producing not reparable damages

Carbon ions are qualitatively different from X rays and

can control radioresistant tumours




Commerciall cycloteniselUueINieINeLESNNNISYASNSEI WIiN

K

If proton accelerators were ‘small’ and ‘cheap’,
no radiotherapist would use X rays.
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ViiEsitlolsinll soltitiorn for Shiziolke - Jageir)
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Niflgeer Protor Trneregy Carfir

250 MoV 5.C. Cyclatren L = = B f
ACCEL . il ; Gamiey Reams

Eya Troatmant

Bagam Tramiahs Lird
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Protonineresoy
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> 50 000 patients
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27 cm

\4

A

200 MeV
Protons
but only 1 nA

— -

4800 MeV
carbon ions charged hadron beam

but enly 0.1 nAe that loses energy in matter

Dose Distribution Curva)

Bragg peak
¥ linac

Proton - < ||

el EEET --_-jl.—a- -..' B

0 [
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* = Hezory: particle
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sorbed Relative Dose [%]

Ab

Body surface 10
15
Denth from bodw suface [eml -
httt://global.mitsubishielectric.com/bu/particlebeam/index_b.html
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tumour

target

protons
(carbon ions)
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Jelgein)s 2 gratorn cinicl 2 caroor jor centrea

WAKASA BAY PROJECT
by Wakasa-Bay Energy Research Center

Fukui (2002) TSUKUBA CENTRE
protons (£ 200 MeV) synchrotron (Hitachi) Ibaraki (2001)

1 h beam + 1v beam + 1 gantry protons (< 270 MeV)
synchrotron (Hitachi)

2 gantries
2 beam for research

KASHIWA CENTER
Chiba (1998)
protons (£ 235 MeV)
cyclotron (IBA — SHI)

2 Gantries + 1 hor. beam

HYOGO MED CENTRE /
Hyogo (2001) HEAVY ION MEDICAL ACCELERATOR

protons (<230 MeV) - He and C ions (< 320 MeV/u) HIMAC of NIRS (1995
Mitsubishi synchrotron He and C (£ 430 MeV/u) 2 synchrotrons

2 p gantries + 2 fixed p beam + 2 ion rooms 2 h beams + 2 v beams

200 patients 4000 patients
with carbon ions

B with carbon ions SHIZUOKA EACILITY

= Shizuoka (2002)
Proton synchrotron

2 gantries + 1 h beam
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sIMAC (Jzigzir)) olorers cargor tflerfaoy

4000 patients

No repair mechanism: 6-9 sessions only
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Trne rlyoco

Mitsubishi: turn-key system

iz’ Carjira
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The ‘dual” centre el the GumneBimyErsiaASHRcoRSHtIEnEN
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HINMALC AND SEW FACHLITY DESIGY FOR WIDE sFREAD USE
OF CARBON CANMCER THERAFY

K Moeda T Fopsewss. T Foshews Y b T Koz 3 Ksnarsws ™ Kssrmmeewn & Kisgparwa

YW baoleihmilia W Fodavesn b Mlesdlsis T hhsikes: W WWaeseb-i 9 mbls T bk 5 Slelses

F Senga. B Tabiada O Takalhasks M Toskindm T H Livwigh E Urisbale K YVoudda 5 ' aisidla
Nancaal oy of Fedcolopeal Srirme s

Y Bl smagun i
IO, sl mungp
5 Kl rrsrgeic Dgd
msiF h-rl
L e e
&l Nk Bl
EHS 0 gl maal

ELEE
R v b

CERN - 15.1.08 - U. Amaldi . 30




the Darmst

Gerhard Kraft |I G, Kralt

400 patients treated
with carbon ions
J, Debus (Heidelberg Univ.)

iIn-beam PET
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L ocall Effect VMedeNoircalCinciloRein=S iRl
Freiipgent Pleainire) Sysiarn (TR

The GSI model (G. Kraft, M. Scholz et al) allows the calculation of RBE

point by point from the flux of the various ions

‘flat’ effective dose g
Chordoma/Brain
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Halsies cnlel resilis of if-geam-PET

Wolfgang Enghart et al.

Dresden

ol Simulated with TPS s
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Head and Neck Tumors

= Locally Adwarssed Oropeul rym

= Lizcally Sdvarcrd Masopharans

= Soft Thauro Sarcoma

_Hl.'l.l.lll'r—t or Unreuncisble

Mg, Uhiveseitable or Broorreni
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Mecral Carcinogma
FEsturrent or Unreoecoahis
Pt Favaz

protontherapy:
55000 patients

carbon ion
therapy.
4400 patients

less than 1% with
‘active’ dose
distribution systems

anPSl and GSI
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Indication End point Results photons | Results carbon | Results carbon
HIMAC-NIRS GSI
Chordoma local control 30 - 50 % 65 % 70 %
rate
Chondrosarcoma local control 33 % 88 % 89 %
rate
Nasopharynx 5 year survival 40 -50 % 63 %
carcinoma
Glioblastoma av. survival 12 months 16 months
time
Choroid melanoma | local control 95 % 96 % (*)
rate
Paranasal sinuses local control 21 % 63 %
tumours rate
Pancreatic av. survival 6.5 months 7.8 months
carcinoma time
Liver tumours S year 23 % 100 %
survival
Salivary gland local control 24-28 % 61 % 77 %
tumours rate
Soft-tissue 5 year survival 31-75% 52 -83 % Table by G.
carcinoma Kraft - 2007
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ElectiveinaicatonsrforcaisenN e eyl N/ A NSES]

Hirohito H. Tsujii (May 2007):

for all these tumours we can
obtain a 90% local control with
no severe complications

Malignant salivary gland tum

Malignant melanoma of the para inus

Soft tissue sarcomas and bone tu

Lung cancer (85 patients treated in action: NO REPAIR!)

Liver tumors

Prostate carcinoma
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X-ray therapy (40-50 electron linacs)

every 10 millien inhabitants: 20000 pts/year

Protontherapy.

12% ofi X-ray patients 2'400 pts/year

Therapy with Carbon ions for radio\reQLstant tumour
3% of X-ray patients \ 600 pts/year

TOTAL every 10 M about SHO00RILS/Vear

(*) Combining studies made in Austria, Germany, France, ltaly and Sweden - ENLIGHT

CERN - 15.1.08 - U. Amaldi . 38




=)o) e)ekzlgi ezl capfifas for caroor 1ors e 9rotons
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FIIT zit Fleldelgerg:
first gezrns i Mey 2007

First beam extracted

First patient: beginning 2008

Ly — ‘lc:l

?ii‘r

S

Treatment halls
CERN - 15. by Siemens Medical
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Siemens; ViedicalistuilcineNeIRZeloRRe el REERIENITN Y/ cigsiifd
Klinikum Giessen/ Marburg GmbH

In 2003 GSI has ot _ Y i

pasged to Siemens R A :
Medical its patents and - 7R
know-how el

SRR R

2 ] TR = .- minm [ 2] - 2 |

treatment




TERA arocrerrres sinc

TERA has proposed and designed the ‘dual’ National Centre for carbon iens
and protons

1. CNAO is being built in Pavia

TERA has introduced and developedia.novel accelerator:

2. Fast cycling “cyclinacs” for

protons and carbon ions
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PIMIMIS et CERN 11 1996 - 2000
CERN-TERA—MedAustron Collaboration for optimized medical synchrotron

Project leader: P. Bryant

H\

linacs for
carbon ions

|

|
R

|

RF cavity Resonance *
sextupole
7
Sextupole horiz. t
chromaticity -

G — Circumference C=76.84m
etatron Tune horizontal ~ Q, = 1.67
J| Tune vertical Q,=172

Sextupole vert.

A 3 extraction sysiems:

Electrostatic betatren Core

‘. chromaticit .septum )
2 1 — Extrm 1/3 resenance
Ay oot | RE kneck=ou
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CNAC) = Capjifo Nezlonzle ci Adroieraigiz
CNAO Foeundation created by the ltalian Gevernment in 2001
4 Hospitals in Milan, 1 Hospital in Pavia and TERA
Since 2004' INEN is Institutionall Participant with important
construction responsabilities

Ini October 2003 TERA passed to CNAO
the design off CNAO (3000 pages) and 25 people

PIMMS/TERA

One linac ala GSlinside thering

Multiturn injection

Short beams



The CNAO Foundation builidsite@enieNnzZavie

President: Erminio Borloni
Medical Director: Roberto Orecchia Technical director: Sandro Rossi

Hospital building High-tech building

MedAustron will build in Wiener-Neustadt a centre based on
the CNAO construction drawings
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Synehrotron dual*selttenNoscaieiNERSIcENIeLEITSN A=A

[ 1 Accelerator
[ Treatment

|| Simulation
|| waiting area
[ Personnel
Lifts

E Technical area

| Technical plants
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CNAC In Noverrigar 2007
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Thne synenroior Vet

Two sources are
working

B First beam in summer 2008 | Girders and supports are
T In place
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I 20017 Med AUStren iiastEeRreppeVEEN M IEITE Neusta

2007: CNAO - MedAustron agreement on the
acquisition of the construction drawings

PIMMS/CNAO synchrotron

2 irradiation labs,
one for biology and

one for physics
k|

Wil “"””.‘il':f-

L

)|

4 medical treatment rooms
2 fixed beams

1 proton gantry

1ion gantry

1.200 patients per year
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=
Projet ETOILE

In 2007 approved for construction in Lyon
Tendering in 2008

Present'status off ENOILE

www.projet-etoile.fr
Pr Jacques BALOSSO
Medical director




=NBIEsiF="Sllg oz Networic for Lignt lor Trierzoy

® Initiated with a CERN meeting in Feb.2002: Austria, France, Germany,
ltaly, Sweden, CERN,GSI, ESTRO

® Financed by the Commission for 2002-2005
® Transformed into the ‘ENLIGHT™" Platform’ in 2006 — see www.cern.ch/enlight

® Coordinator of ENLIGHT™ : Manjit Dosanjh (CERN)

® 2007: approval of the Marie Curie Training Network PARTNER

® 2008: submission of ULICE = Union of Light lon Centres in Europe
around Heidelberg and Pavia
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