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7 Novembre 2005
Not-for-profit private Foundation

Created by the Italian Ministry of Health in 2001
with the purpose to build and run a hadrontherapy Centre

2011 First patient
(1991 Amaldi launched the idea)
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CNAO: 3000 patients treated
57% carbon ions – 43% protons
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Treatments: efficay + reduced toxicity

Early toxicity

Late toxicity

Undistinguished local control



1. Chordoma  & chondrosarcoma base/spine
2. Meningiomas
3. Brain tumors (trunk)
4. ACC Salivary Glands
5. Orbit tumors including eye melanoma
6. Sinonasal carcinoma
7. Soft Tissue & bone Sarcoma (every sites) 
8. Recurrent tumors (retreatment)
9. Patients with immulogical desorders
10. Pediatric solid tumors

Essential Levels of Assistance (LEA)

11. Tumors for which hadrontherapy guarantees a better
dose distribution wrt the best alternative providing a
10% better result in terms of NTCP or TCP  

In Italy (60 million inhabitants) estimated cases 1-10:

Protons:  about 5.000 patients/year
Carbons: about 1.000 patients/year



Non oncological application: ventricular arrhythmia 

Non-invasive Proton Radiotherapy for Refractory Ventricular 
Tachycardia in advanced heart failure:  

first in-man case. 
 

Veronica Dusi1,2, MD, PhD; Viviana Vitolo5, MD; Laura Frigerio1,3, MD; Rossana Totaro1,3, MD;  
Adele Valentini4, MD; Amelia Barcellini 5,MD;  Alfredo Mirandola5, PhD; Giovanni Battista Perego6, 
MD;  Michela Coccia 3, MD , Alessandra Greco3, MD, Stefano Ghio3 ,MD, Massimiliano Gnecchi 1,2, 

MD, PhD; Luigi Oltrona Visconti3 , MD, Roberto Rordorf1,3MD. 
 

1 Cardiac Intensive Care Unit, Arrhythmia and Electrophysiology and Experimental Cardiology, 
Fondazione IRCCS Policlinico San Matteo, Pavia, Italy  
2Department of Molecular Medicine, Section of Cardiology, University of Pavia, Pavia, Italy 
3 Department of Cardiology, IRCCS Fondazione Policlinico S. Matteo, Pavia, Italy 
4 Department of Radiology, IRCCS Fondazione Policlinico S. Matteo, Pavia, Italy 
5 National Center of Oncological Hadrontherapy (Fondazione CNAO), Pavia, Italy. 
6 Istituto Auxologico Italiano, Ospedale San Luca, Milan, Italy. 

In press on: 
European Journal of Heart Failure



Accelerator at CNAO: compact design

Linac

3 Treatment 
rooms

Synchrotron

Ion sources

High energy 
transfer lines

 = 25 m

Intellectual property shared by CNAO – INFN - CERN

New room
for research

Realized in 
collaboration with 

INFN



16 Dipoles
to bend

24 Quadrupoles
to focus

20 Correctors
to steer

1 RF cavity
to accelerate

Linac
to pre-accelerate

Sources
to generate

Beamlines
to transport



Performance CNAO from Nov. 2011 to Dec. 2019

 2746 running days

 2003 treatment days

 189 dd preventive maintenance

 36 dd faults

 System availability: 92.4%

 System reliability (dd): 98.5%

 System reliability (sessions)

 329 dd

 240 dd

 28 dd

 0 dd

 92.2%

 100%

 96.1 % (417 vs 10604)  
(417 = 149 T + 269 C; T=1.4%)

Year 2019



Ongoing Research Projects 

Range monitoring
– in beam PET

New imaging
modalities for 

patient positioning

New beam
monitoring for 

dose evaluation



Expansion project: 
to keep CNAO at cutting edge of the technology

Expansion Area A Project approved and 
financed in 2019 by 
Ministry of Health



Third source: new ion species

Ion Supernanogan
(14 GHz)

AISHa
(18 GHz + TFH)
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18O6+ 400 1000
21Ne7+ 120 500
36Ar12+ 20 150
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Collaboration 

CNAO-INFN-HiFuture
A facility INnovativa di irraggiamento con
Sorgente per Ioni per Ricerca e studi di radiation
hardness con applicazioni IndusTriali e cliniche
INSpIRIT – ID 1161908
Call HUB ricerca e Innovazione – EU/Regional
funds



www.cnao.itEspansion Area A

PROTONTHERAPY



New single-room for protons
Synchrotron room

Treatment room

Contract signed with Hitachi: 
December 5th, 2019

Operational 2023

360°isocentric gantry
(Field size: 30x40 cm2)



Expansion Area A: integrating BNCT

BNCT
Area



BNCT: research approach for metastatised tumours

Selective absorption Boron neutron capture

Local energy deposition Sparing healthy tissues

10B(n,α)7Li

10B



ACTUAL SITUATION



BNCT

SITUATION in 2023



Gantry: flexibility and 
conformation

Iwata et al. HIAT2015



Collaboration CNAO-INFN-CERN-MedAustron
under discussion: start 2021, 3 years project

Toroidal magnet SC design (L. Bottura)

TERA-CERN-LBNL (SC canted cosine theta)

R&D: carbon ions gantry



HITRIplus: Heavy Ion Therapy Research Integration plus

3 centres in China

6 centres in Japan

MedAustron – Wien (A)CNAO – Pavia (I)

MIT – Marburg (G)

HIT – Heidelberg (G)

Project Proposal: 
INFRAIA-02-2020 RIA



HITRIplus
PARTICIPANTS

22 Institutes
(4 CIRT centres, 10 research 

institutions, 5 universities, 3 SMEs)

14 European Countries





RENOVATE is a very interdisciplinary consortium bringing together experienced
international teams able to perform translational research in all required domains,
taking developments from the laboratory to technical realization at the hospital
bed in a coordinated and systematic manner.

• Establishing BNCT in Europe (and USA) by
• Supporting BNCT clinical activities in Japan by:

– Exchanging information and staff 
– Implementing joint research projects
– Bringing patients to Japan for treatment

Objectives

“A global network of Scientists and institutions
from around the world, 

covering a range of disciplines, 
cooperating to validate and implement BNCT”

Coordinated by DGBNCT – Essen – Germany 



CNAO involved in:

• Dosimeter and Neutron Field Characterization (CNRS)

• Irradiation Sources (UNIPV)

• Cinical trial protocol (University Jena) 

• Standards (DGBNCT)



Thank you
“Real progress happens only when advantages of a new technology become available to everybody”

H. Ford


