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CNAO status, latest developments and innovations

Charged particles for cancer therapy
International strategic review workshop:

what will be the unique advantages of laser driven charged particles
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THE HEARTH OF CNAO

Accelerated ion p, C, He …
Energy range (MeV/u)    60-225 (p) (30-320mm)

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

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

3rd Source

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

p, C, He, O … Fe

Built between 2005-2010
Treating patients since 2011
CE certified in 2014



CE CERTIFIED MEDICAL DEVICE



91.3 %
Availability time





A Focus on the Most Complex and Radio-Resistant Tumors
Distribution of  over 6,000 patients by treated pathology (PTA)





600+ hours of beamtime
to external users in 2025



ICONIC STUDY: COMBINATION CARBON+IMMUNOTHERAPY
ICONIC study: Immune checkpoint inhibitors and Carbon iON radiotherapy In solid Cancers with stable disease

Immunological effects



Project start: 01.03.2025

Duration: 36 mesi

Kick off meeting 13-14 March 2025, in CNAO

Hi-ROC: targeting Hypoxya with heavy Ions to gain control of RadiOresistant Cancers

➢ It aims to develop a non-invasive biomarker to identify tumor hypoxia, integrating genetic, imaging, 

and physiological data in order to guide the therapeutic choice between photon and carbon ion

radiotherapy.

➢ A pilot study (Hyperion), supported by in vitro and in silico experiments, will validate the most promising

biomarker.

➢ The project also involves the creation of a medical device prototype for the non-invasive assessment of 

hypoxia and the exploration of "digital twins" to optimize personalized radiotherapy planning.



Macroscopic Modelling

• Dosiomics & LET in skull base and sacral chordoma

Microstructural Modelling

Patient stratification and treatment plan optimization

• Quantitative MRI modelling (voxel-scale analysis)

• Dose Painting

• In-silico modelling / Microstructural modelling (sub-voxel analysis)

MULTI-PARAMETRIC IMAGE GUIDANCE IN PARTICLE THERAPY



MULTI-IONS: “NEW DRUGS” FOR OPTIMAL PERSONALIZED TREATMENTS 

Multi-ion
(p, He, C, O) 

LETd painting

RBE 

OER 

Minimum LETd to the GTV:

● Clinical CIRT: 40 ± 4 keV/μm

● PlanL CIRT-LET optimized: 56 ± 4 keV/μm

● Plan M MIRT: 68 ± 3 keV/μm



• Ionization Chamber (IC) 2D-array (PTW Octavious 
1500XDR)

• Programmable Linear Stage moving perpendicular to 
the beamline, regularly/irregularly – amplitude 
variations and/or baseline drifts

• Amplitude ~ 14mm, period ~ 3-5 sec

Experimental validation at CNAO XPR

Treatment Plans (TriP98)

• Static
• Gating (min 25k particl.)
• Gating + 3xRescanning (75k)
• Multi-phase (SPUD) (200k)

4DCT (8 phases)

• CNAO patient
• Hepatic tumor

Linear Stage motion idealized

• Not actual patient motion
• Dose reconstruction: new DVFs first

built then employed to characterize
the adopted motion pattern

Dose Delivery

• Detector measurements VS plan
• DVH analysis
• 5D-RIDOS reconstruction

Experiments repeated with Linear Stage as ground-truth monitoring system 
[Steinsberger et al., 2023] [Lis et al., 2020]

Manuscript submitted to IJROBP

4D C.A.P.H. 



Integration of MedFormer for eye structures
segmentation in Eye Tracking System clinical application

Deep learning for replanning synthetic CT generation from CBCT in 
abdominal district

Examples of synthetic CTs generated by three different networks
(conditionalGAN, 2.5D U-Net, and CycleGAN) on the axial, sagittal and
coronal planes form CNAO CBCT data acquired in Room #2.

Video captured from user interaction with ETS clinical SW
application demonstrating the real-time segmentation
capabilities of the implemented MedFormer.

ARTIFICIAL INTELLIGENCE PROJECTS



SUPERCONDUCTING ION GANTRY



EXPANSION PROJECT

NEW 2ND FLOOR IN 
CLINICAL INFRASTRUCTURE

NEW BUILDING 
FOR RESEARCH

NEW BUILDING  FOR HIGH 
TECH

Synchrotron vault



EXPANSION PROJECT



ORIGINAL LAYOUT

Synchrotron vault

Patient waiting area and services

3 Treatment rooms: 3H + 1V

Experimental room

Main power supply room



NEW LAYOUT

Clinical BNCT

Research BNCT

Protontherapy

New block footprint ~1800 m2

Chair up-right



Arc therapy
Collaboration with GSI

Leo Cancer Care

NEW PATIENT POSITIONING IN ROOM #3

Installation fall 2026



Commissioning ongoing
First patient fall 2026

PROTON MACHINE + GANTRY (HITACHI)

Profiles of a spot measured at the Dose Monitor in the
nozzle of the Hitachi gantry.

The measured profile is shown together with a gaussian fit.
In the accelerator horizontal plane the bar of charge
distribution is visible.

Gantry at 90° (horizontal beam)
Beam energy 228 MeV
1.25 1010 protoni/spill (nominal 3 1010)



BORON NEUTRON CAPTURE THERAPY (BNCT)

Eproton 2.5 MeV

Intensity 10-15 mA

Target p-Li

BNCT@CNAO Collaboration

CNAO – INFN – PoliMi – UniPv - SMatteoPv

Pre-clinical testing in 2027



February 2026 N

Director General and Services 28

Scientific Directorate and Clinical Trial Centre 5

Clinical Department 77

Administration and Finance Department 18

Technical Department 38

R&D Department 8

Total 172

Total Number: 172

Women: 96

Men: 76

Mean age: 43

Graduates: 76% (40% PhD + Master)

Positions: 28

Disciplines: 19

PERSONNEL



COLLABORATIONS

NationalInternational

CERN (Geneva)

GSI (Darmstadt)

IN2P3 (France)

Med-Austron (Wien)

NIRS (Chiba)

HIT (Heidelberg)

SPHIC (China)

TAE Life Sciences (California)

IFJ PAN (Cracovia - Poland)

Uni Essen (Germany)

MIT Marburg (Germany)

Mayo Clinic (USA)

MD Anderson (USA)

INFN

Fondazione TERA

Università di Milano

Università di Pavia

Politecnico di Milano

Istituto Europeo di Oncologia

Ospedale San Matteo di Pavia

Fondazione Mondino

Università Bicocca

Campus Biomedico di Roma

Fondazione BESTA

Humanitas

Università Bocconi - CERGAS

Fondazione Maugeri

Università di Pisa

Ospedali Galliera

Ospedale Bellaria

Istituto Galeazzi

Istituto Nazionale dei Tumori

Istituto Tecnico Cardano



@FondazioneCnao

@Fond_CNAO

Centro Nazionale di
Adroterapia Oncologica

Fondazione CNAO

Address

Email 

Telephone

Fondazione CNAO

Via Erminio Borloni, 1

27100 Pavia

info@cnao.it

+ 39 0382-0781

www.cnao.it

THANK YOU!


