
Ion Therapy Centre (CNAO)

and 

HITRIplus opportunities

Sandro Rossi
Di r e c to r  G e n e ra l  - CNA O  Fo u n da t i on

H I T R I p l us C o o r d i na t o r

2 5 t h I P P O G  M e e t i n g  i n  S o f i a

1 2 - 1 3 t h M a y  2 0 2 3



www.cnao.it

7 Novembre 2005CNAO = National Centre for Oncological Hadrontherapy

Not-for-profit private Foundation

Created by the Italian Ministry of Health in 2001

with the purpose to build and run a hadrontherapy Centre
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CNAO: >4400 patients
54% carbon ions– 46% protons
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Ocular melanoma: small volumes

INT – Milan + Galliera – Genova: 

patient selection and tantalium clips

Collaboration with Politecnico Milano

> 400 patients

Local Control  >95%

Eye preservation >90%

Visual function  >45%

Protons: 60 GyE (4 fx)



After         1 year

CIRT  74 GyE 
16 fractions  IMPT Sacral Chordoma: big volumes
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Protons

Protons

X-rays  

Pediatric patients elective for protons
Less dose to healthy tissues 

to reduce long term risks of secondary tumours
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Technology at CNAO
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Accelerated ion p, C
Energy range (MeV/u) 60-225 (p) (30-320mm)

120-400 (C) (30-270mm)

Extraction Slow 
Dose uniformity ± 2.5%
Average dose rate 2 Gy/min/liter

The CNAO system: compact design for ions
Intellectual property shared by CNAO – INFN - CERN

Field size (mm×mm) 200×200
Beam size (FWHM) (mm) 4-10
Beam position precision (mm)  0.1
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16 Dipoles

to bend
24 Quadrupoles

to focus
20 Correctors

to steer

1 RF cavity 

to accelerate

Linac 

to pre-accelerate

Sources

to generate

Trasfer-lines

tow. patients
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Positioning and verification systems

IR cameras for on-line 

motion detection (100 Hz)

Imaging supporting structure rotation: ±180°
Rotation and deployment accuracy: ±0,15mm ±0,1°

Positionng mechanical accuracy: 

0.3 mm peak linear error in absolute positioning

0.1°peak rotational errors in absolute positioning



Present layout 

Synchrotron vault
Hospital building

Expansion area



NEW 2ND FLOOR IN 

CLINICAL INFRASTRUCTURE

NEW BUILDING 

FOR RESEARCH

NEW BUILDING  FOR 

HIGH TECH

Layout by end 2023

Synchrotron vault

CNAO 2.0
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New single-room for protons

Synchrotron room

Treatment room

Start installation end 2023

360°isocentric gantry
(Field size: 30x40 cm2)
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BNCT: proton tandem accelerator

Proton energy 2.5 MeV

Intensity 10-15 mA

p-Li reaction

Start installation Q1/24
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BNCT: Boron Neutron Capture Therapy
2-steps research approach for metastasized tumours

Boronated drug that selectively 

reaches  the tumour cells and avoids 

the healthy tissues
Accelerator driven neutron 

production



Research at CNAO
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Collaboration CNAO-INFN-HiFuture
INSpIRIT: new ion source

Vertical emittance Helium beam
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RBE = ratio between reference dose (X rays) and

particle dose to obtain the same effect

LET = energy loss per unit mass lenght:

proportional to the square of the ion charge,

inversely proportional to the square of particle

velocity

OER = ratio of the doses producing the same

effect in hypoxic (0% pO2) and oxic (20% pO2)

conditions

Scattering (good>A) – Fragmentation (bad>A)

Multi-ion treatment for best individual plans

RADIOBIOLOGY EXPERIMENTS: IN-VITRO & IN-VIVO
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Dose and Beam range monitoring

Goal: dose monitoring 

pre-treatment 

range assessment

(Collaboration with INFN 

UniPi - UniTo)
PET online + Dose profiler (secondaries) 

(+ g-prompt)



R&D: new carbon ion gantry
Collaboration CNAO-INFN-CERN-MedAustron

Final design: Dip+Quad 
= combined funtion

Superconducting Magnet Design
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Radiomics, Dosiomic …
strategies for individual treatment optimization 

and outcome prediction (Collaboraboration with PoliMi)
AIRC IG-2020 n. 24946
PI: Prof. Baroni G.
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Non oncological application: ventricular arrhythmia 

Published on: 

European Journal of Heart Failure

(Collaboration with San Matteo Hospital, Pavia)



13/05/2023 24

23 Institutes - 14 EU Countries
(4 CIRT centres, 11 research institutions, 5 universities, 3 SMEs)

4.5 years Project: 1st April 2021 – 30th September 2025



Page ▪ 25 International Biophysics Collaboration, 20-21 February 2020
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HITRIplus

NA

WP2
Networking and 
Communication,

Dissemination and 
outreach

WP3
Clinical 

Networking

WP4
Innovation, 

Technology transfer, 
Industry relation

WP5
Education and 

Training
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Education and training – international specialised course on Clinical 
Aspects of Heavy Ion Cancer Therapy Research

From the 3th to the 7th of July 2023, online on zoom;  
https://indico.cern.ch/event/1248018/
This school will cover clinical aspects and it 
is primarily intended for medical students specialising 
or who are considering to specialise in oncology as 
well as clinicians of all levels in radiotherapy and 
particle therapy. The course will be delivered by over 
35 world-leading clinicians in the field and will focus 
on head and neck, sarcoma, prostate, liver, pancreas, 
gynae and rare indications, re-irradiation, innovative 
methods, organ motion, treatment planning, present 
and future clinical trials and radiobiology.
The course also includes a "train-the-trainer" session 
based on the professional, open-source, research 
toolkit matRad, tailored to students’ and researchers’ 
requirements in treatment planning.

https://indico.cern.ch/event/1248018/
https://indico.cern.ch/event/1248018/
https://e0404.github.io/matRad/
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Res. [h] Clin. 
[accesses]

Total

CNAO 80 12 92

GSI 296 - 296

UKHD/HIT 72 10 82

MEDA - 12 12

MIT - 16 16

448 50 498

WP6: Transnational Access

Research Clinic
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HITRIplus

JRA

WP7
Advanced 

accelerators and 
gantry design

WP8
Superconducting 
magnet design

WP9
Advanced beam 

delivery

WP10
Multiple energy 

extraction system

WP11
Controls and 

Safety

WP12
Radiobiology and 
Quality Assurance



THANK YOU! https://www.hitriplus.eu/

https://www.cnao.it/
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Hadrontherapy to treat ‘difficult’ cases:

Physics



www.cnao.it

Hadrontherapy to treat ‘difficult’ cases:

Radiobiology

RBE = ratio between reference dose (X rays) and

particle dose to obtain the same effect

LET = energy loss per unit mass lenght: proportional

to the square of the ion charge, inversely

proportional to the square of particle velocity

OER = ratio of the doses producing the

same effect in hypoxic (0% pO2) and

oxic (20% pO2) conditions



www.cnao.it96 centres with protontherapy (+30 in construction)

IBA – Proteus One

Superconducting SC

MEVION S250

Superconducting SC

Varian – Probeam

Superconducting SC

330.000 patients treated (+40.000/year) [www.ptcog.ch]

HITACHI

Synchrotron
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3 centres in China

6 centres in Japan

CNAO – Pavia (I)

MIT – Marburg (G)

HIT – Heidelberg (G)

13 centres carbon ions, 6 multi-particle (+5 in construction)

45.000 patients treated (+5.000/year) [www.ptcog.ch]

MedAustron – Wien (A)


