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Carbon ion centres treating patients
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HIMAC in Chiba is the pioner of carbon therapy (Prof H. Tsujii)

Yasuo Hirao

Hirohiko Tsujii

5000 pts 1994-2008 
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HIMAC new facility: specifications
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1. Ion species: 12C, 16O (11C, 15O)

2. Maximum irradiation area: 22x22  cm2 for Fixed Port

15x15  cm2   for Gantry

3. Delivered Intensity: 107 - 109pps (C ions) 

Simulation room

Preparation room

Control room

Treatment room

Gantry room

Courtesy H. Tsujii



HIMAC new facility
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Completion: end 2010

Courtesy H. Tsujii
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The Hyogo „dual‟ Centre

Mitsubishi: turn-key system

carbon

proton

29 m

linac

End of 2008

protons:  2000 patients

carbon ions:  500 patients
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Patients treated with proton beams at Hyogo
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Courtesy H. Tsujii

2001 2002 2003 2004 2005 2006 2007 2008 Total

H&N

Skull Base
4 9 35 64 62 71 52 297 14.6

Lung 5 15 23 38 38 37 42 198 9.8

Liver 5 20 27 53 70 63 60 298 14.7

Prostate 16 136 179 163 158 222 185 1059 52.2

Bone/Soft 

Tissue

Others 10 23 35 72 36 176 8.7

Total 30 - 180 274 341 363 465 375 2028 %



Patients treated with carbon ion beams at Hyogo
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Courtesy H. Tsujii

2001 2002 2003 2004 2005 2006 2007 2008 Total

H&N

Skull Base
19 4 21 30 61 135 29.6

Lung 3 7 21 25 19 75 16.4

Liver 6 2 35 24 59 126 27.6

Prostate

Bone/Soft 

Tissue
2 9 18 27 22 78 17.1

Others 1 1 19 21 42 9.2

Total 30 23 96 125 182 456 %
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Carbon ion centres under construction

ENLIGHT-Valencia - UA - 18.6.2009



Gunma University
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The site of HIT

the Heidelberg Ion Therapy

Medical Director:     J. Debus

Technical Director: T. Haberer
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HIT at Heidelberg

Ion-

Source

s

LINAC

Synchrotron

Treatment halls by 

Siemens Medical

High Energy Beam Transport Line

Quality

Assurance

Gantry

First beam extracted in 2007

First patient:  by summer 2009

ENLIGHT-Valencia - UA - 18.6.2009



HIT at Heidelberg
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high energy

beam transport

synchrotron

Courtesy T. Haberer



Injector

Ion sources

RFQ + IH-DTL

Built by GSI also for CNAO

Courtesy T. Haberer
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Heidelberg ion gantry: 600 tons and 400 kW

ENLIGHT-Valencia - UA - 18.6.2009

1. Rotation at 

21.04.2007

Courtesy T. Haberer



Heidelberg ion gantry: patient room
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Courtesy T. Haberer



Accelerator status
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Sources, injector and synchrotron fully commissioned for protons, 
carbon and oxygen (256 energies each)

H1 / H2: pencil beam libraries ( E F I ) for protons and carbon in 
therapeutical quality reached in April, 2008

R+D-cave: protons, carbon and oxygen energy libs established

Gantry: proof of principle for protons and carbon 

(representative settings in the full phase space ( E F I α ))

To do: intensity upgrade ( x3 ) under way (sources, LEBT, RFQ)

Operation scheme 2008:  24 h/7 days,  330 days, 2 shutdowns 14 d

• Availability of the pencil beams @ H1/2: ≈ 98%

Courtesy T. Haberer
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PIMMS at CERN from 1996 to 2000

CERN–TERA–MedAustron Collaboration for optimized medical synchrotron

Project leader: P. Bryant              Chairman of the PAC: G. Brianti

and protons

linacs for

carbon ions

p
p

C C
p

RF cavity Resonance 

sextupole

Betatron

core

Injection 

septum

Electrostatic 

septum

Extraction 

septum

Sextupole horiz. 

chromaticity

Sextupole vert.

chromaticity

Sextupole vert. 

chromaticity

Sextupole horiz. 

chromaticity

Circumference         C = 76.84 m

Tune horizontal       Qx = 1.67

Tune vertical            Qz = 1.72

400 MeV/u  synchrotron

3 extraction systems:

betatron core

1/3 resonance

RF knock-out

ENLIGHT-Valencia - UA - 18.6.2009
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The main features 

Philip Bryant : Project leader

Giorgio Brianti: Chairman of PAC 

ENLIGHT-Valencia - UA - 18.6.2009
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CNAO = Centro Nazionale di Adroterapia

20

CNAO Foundation created by the Italian Government in 2002: 

4 Hospitals in Milan, 1 Hospital in Pavia and TERA

In October 2003 TERA passed to CNAO

the design of CNAO (3000 pages) and 25 people

25 m

PIMMS/TERA

1
2

3

Since 2004 INFN is 

“Istitutional Participant” 

with people and 

important construction 

responsabilities 

(Caudio Sanelli)

INFN runs CATANA for 

eye  protontherapy in 

Catania
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CNAO = Centro Nazionale di Adroterapia at Pavia

21

President: Erminio Borloni

Medical Director: Roberto Orecchia Technical Director: Sandro

Rossi

High-tech buildingHospital building

ENLIGHT-Valencia - UA - 18.6.2009



CNAO = Centro Nazionale di Adroterapia at Pavia

ENLIGHT-Valencia - UA - 18.6.2009

Synchrotron 

building

Hospital 
bulding

May 2009
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The synchrotron
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CNAO at Pavia 
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Perspective view 

of CNAO

ENLIGHT-Valencia - UA - 18.6.2009



Treatment rooms
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Courtesy of Schaer Engineering AG, Switzerland

First patient foreseen by the end of 2010   - 2800 patients per year in 2014 

Robotic bed (installed)Chair for head and neck

ENLIGHT-Valencia - UA - 18.6.2009
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The underground floor of CNAO and  the Phase 2 with 

gantries

PIMMS/TERA

4

5
Phase 2

1

2

3

1

2

3

45

Accelerator

Treatment

Simulation

Waiting area

Personnel

Lifts

Technical area

Technical plants

PIMMS/TERA

ENLIGHT-Valencia - UA - 18.6.2009
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Siemens Medical is building for 2010 a „dual‟ centre in Marburg

accelerator

treatment     rooms

medical doctors  

/ ambulance

preparation of patients

med. 

physicists

administration /     

research 

departement

inclined beams

ENLIGHT-Valencia - UA - 18.6.2009
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Siemens Medical is building for 2012 a „dual‟ centre in Kiel

Med University Center Schleswig-Holstein, Kiel 

ENLIGHT-Valencia - UA - 18.6.2009

Courtesy  R. Kampf
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Siemens Medical is building for 2012 a „dual‟ centre in Kiel

Courtesy  R. Kampf
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Carbon ion centres in the planning phase

ENLIGHT-Valencia - UA - 18.6.2009
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In 2007 MedAustron has been approved for Wiener Neustadt

ENLIGHT-Valencia - UA - 18.6.2009

MedAustron will build a centre based on the CNAO construction 

drawings (by agreement with CERN-CNAO-INFN )

PIMMS/TERA

Courtesy  M.  Benedikt
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MedAustron timetable

ENLIGHT-Valencia - UA - 18.6.2009

Courtesy  M.  Benedikt



3333Valencia - 17.6.09 - UAC

ETOILE

Bioparc in Lyon



The basic principles of ETOILE
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– Public health principles: equity for accessibility (health 

insurance),   

economy, evaluation

– Evidence based medical indications

– An target of 100% prospective studies

– National networking with the other hadron facilities

– European networking for multicentric evaluation

– An open institution with time limited contracts

– No competition with other projects

– An industrial construction and not a prototype

Courtesy  J. Balosso



ETOILE
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 2007: Governmental green light (February), GCS (March, 5 regional 

hospitals)

 2008: Financial model assessment (MAPPP) (February)

 2008: Call for bids (February), Choice of 3 candidates (March), 

 2009: Competitive negotiation, 1st round June 2008,    2nd round April 

2009, last round end of 2009

 End of 2010 construction until 2013; 2014 opening….???

ENLIGHT-Valencia - UA - 18.6.2009

Courtesy  J. Balosso



Provisional activity of ETOILE
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Courtesy  J. Balosso



Status of carbon ion therapy in the States
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 No light ion facilities under construction in the US as of June 

2009.

 US institutions with current or past interest in carbon ion 

radiotherapy:

Mayo Clinic – currently developing philanthropic options

University of Michigan

Tuoro University

University of Alabama

Ohio State University

Courtesy  R.  Miller



Mayo Clinic  carbon ion facility
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 Non-profit proton/carbon/light ion medical treatment and research facility

 Capacity of 1,800 patients/year, treated on clinical trials or enrolled in 

Mayo HCP Registry 

 4 conventional and 1 stereotactic treatment rooms - 2 proton 

gantries

 Two phase construction (with two acceleration systems)

– Phase I – Proton radiotherapy (year 3 after construction 

begins)

– Phase II – Carbon/light ion radiotherapy (year 6-8 )

Courtesy  R.  Miller



IBA superconducting cyclotron

39

Courtesy  Y.  Jongen
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“Archade”  (AT Ganil in Caen, Fr) is based on the 

new IBA400 MeV/u superconducting cyclotron

40ENLIGHT-Valencia - UA - 18.6.2009

Courtesy  Y.  Jongen
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The next fast cycling accelerators for carbon ion therapy

ENLIGHT-Valencia - UA - 18.6.2009
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GSI approach to treat moving organs: depth with fast absorbers

BETTER 
SOLUTION: 
fast  energy 
variation by 
electronics 

and not 
mechanics

p+1 or C+6

GSI

ENLIGHT-Valencia - UA - 18.6.2009
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GSI approach to treat moving organs: depth with fast absorbers

BETTER 
SOLUTION: 
fast  energy 
variation by 
electronics 

and not 
mechanics

p+1 or C+6

GSI

ENLIGHT-Valencia - UA - 18.6.2009

Fast cycling allows „repainting‟  and error correction
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Cyclinac = Cyclotron  + Linac for Image Guided HadronTherapy             

The energy is adjusted in 2 ms in the full range by changing the power 

pulses sent to the 16-22 accelerating modules

The charge in the next spot  is adjusted every 2 ms with the computer 

controlled source

ENLIGHT-Valencia - UA - 18.6.2009

chopped  beam at 

200-400 Hz

linac  

modules 

of LIGHT

computer 
controlled 

source

fast-cycling beam  for 

tumour multi-painting 

RF generators
gantry

IBA 
structure

(synchro)cyclotron

beams used for other 

medical purposes
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Prototype of  the 4th module of LIGHT

Mario  Weiss  project leader 

of

INFN (Mi- Na) – CERN -TERA 

Collaboration     1999-2002

C. De Martinis et al

V. Vaccaro et al.

E. Rosso et al

Protons accelerated at LNS, Catania,  

from 62 to 74 MeV

ENLIGHT-Valencia - UA - 18.6.2009
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IDRA = Institute for  Diagnostics and RAdiotherapy

is a proton cyclinac

30 MeV cyclotron by IBA

R A D I O P H A R M A C Y

P R O T O N T H E R A P Y

≤230 MeV

30 MeV

70 MeV

In 2007 TERA passed its know-how to 

« Applications of Detectors and 

Accelerators to Medicine » - A.D.AM. -

a CERN spin-off                         

(President  A. Colussi

CEO: D. Campi)

LIGHT = Linac for Image 

Guided Hadron Therapy

ENLIGHT-Valencia - UA - 18.6.2009



47

For Cannizzaro Hospital

a novel SC cyclotron 

has been proposed by

Laboratori Nazionali

del Sud

290 cm

490 cm

250 MeV/u   H2
+1, 300 MeV/u C+6

IBA/LNS

ENLIGHT-Valencia - UA - 18.6.2009

In agreement with INFN, IBA commercialises this SC cyclotron



CArbon BOoster for Therapy in Oncology         

a carbon cyclinac    

48

Catania Centre: 

G. Cuttone

p and

300 MeV/u carbon ions

48

PMQ

RF power

120 cm

PMQ
PMQ

First accelerating module

PMQ

RF power

120 cm

PMQ
PMQ

First accelerating moduleENLIGHT-Valencia - UA - 18.6.2009

16 modules – 19 m
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The  two phases of the dual centre for Catania

p

p

p/C
p/C

p/C

Superconducting cyclotron by LNS/IBA (250 MeV protons 

and  3600 MeV carbon ions) is commercialized by IBA

5 m

1st phase:
32 cm protons

17 cm carbon ions

2nd Phase 
32 cm protons

32 cm carbon ions

ENLIGHT-Valencia - UA - 18.6.2009

SCENT

CABOTO
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Tumours treatable with 300 MeV/u.

400 MeV/u
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Properties of the cyclinac beam

(*) With movable absorbers

The energy is 

changed by 

adjusting the 

RF pulses to 

the modules 

1 secondYesNoSynchrotron

-NoYesCyclotron

Time needed for

varying the energy

Energy variation 

by electronic

means

Beam always

present during

treatments

Accelerator

1 millisecondYesYesCyclinac

50 ms (*)Fast cycling

The cyclinac beam is 

ideal to paint many 

times moving tumours 

in 3D without variable 

absorbers

ENLIGHT-Valencia - UA - 18.6.2009



PSI  proposal of a sector cyclotron injected by a cyclotron

(M. Schippers et al) 
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The 450 MeV/u sector cyclotron 
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Phase 1

Phase 2

400 tons



Summary
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15 years ago the first patient was treated with carbon ions at HIMAC

Europe, which was coming out from the 1992  EULIMA debacle, has 

recovered  the delay

Two  centres designed in two nuclear physics laboratories have been 

financed and are almost completed. Three others are in the planning 

phase.

Two European companies offer  commercial products for carbon ions 

and protons

New concepts are proposed and developed 

THE NEXT GOAL IS TO TREAT PATIENTS WITH p AND C  AND 

COMPARE THE RESULTS TO DEFINE THE PATOLOGIES 



55ENLIGHT-Valencia - UA - 18.6.2009

THE END


