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Centri di Adroterapia
nel mondo 

104* Centri in attività
38** in costruzione (5 con CIRT)

28 in planning
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HIT, Heidelberg
MIT, Marburg

MED-AUSTRON,
Wiener NeustadtCNAO, 

Pavia

ARCHADE,
Caen

Mayo, Jacksonville

Centri con Ioni Carbonio

Cina
2 in attività 

1 in costruzione
1 in planning

Corea del Sud
2 in costruzione

Giappone
6 in attività 

1 in costruzione

Taiwan 
1 in costruzione



Lagendijk JA et Al. Sem Radiat Oncol 2018; Tambas M et AL. Radiother Oncol 2020; Lagendijk JA et Al. Int J Particle Ther 2021

Il modello olandese

Base cranica, spinali, pediatrici, 
re-irradiazioni, H&N, prostata, polmone, 

mammella, linfomi, testicolo
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Patologie attualmente trattabili al CNAO nell’ambito del Sistema Sanitario 

Nazionale, inserite nei LEA (marzo 2017):

• Tumori orbitali e periorbitali, incluso il melanoma oculare

• Tumori del tronco encefalico e del midollo spinale

• Meningiomi intracranici in sedi critiche

• Carcinomi adenoideo-cistici delle ghiandole salivari

• Cordomi e condrosarcomi della base del cranio e rachide

• Tumori solidi pediatrici

• Tumori in pazienti affetti da sindromi genetiche

• Sarcomi delle parti molli

• Sarcomi ossei

• Ritrattamenti di tumori in sedi già irradiate

In Italia 

 …confronto dosimetrico /TCP/NTCP…..



Physical proprieties
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B

DC
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Changed Particles: Phisics & Radiobiology

X-Ray/Protons Carbon Ions

Durante M, Br J Cancer. 2019

 PT RBE : 1.1-7 
 CIRT RBE :2.3-4
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Protons: Radiobiology

Eccles et al. Mutat. Res. 2011 
Lomax et al Clin. Oncol. R. Coll. Radiol. 2013 

Vitti et al Cancers 2018

• Different lesions are induced along the radiation track Most frequent:
• DNA base damage
• sites of base loss (abasic sites)
• DNA single-strand breaks (SSBs)

Less frequent ( but the most lethal) at the distal 
edge of the SOBP
• double-strand breaks (DSBs) 
• complex DNA damage (CDD) containing two or 

more DNA lesions in close proximity (within 1–2 
helical turns of the DNA)

Down-regulation by PT of genes involved in motility 
which are upregulated by X-Ray
• ↓angiogenesis
• ↓ metastasis
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Carbon Ions: Radiobiology

Masahiro et al Journal of Radiation Research 2018
Takahashi A et al.  Int J Radiat Oncol Biol Phys. 2004

• Difference in terms of molecular radiobiology

 down-regulation by C-ions of genes involved in motility which are upregulated by X-Ray
 ↓angiogenesis
 ↓ metastasis

• High LET is efficient to induce cell death of resistant cells (i.e. cancer stem-like or p53 mutant cells)
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Carbon Ions: Radiobiology

Durante M et al Int J Radiat Oncol Biol Phys. 2020

Sato et al. Nat Commun. 2017

• Difference in terms of molecular radiobiology

 Clustered DNA lesions trigger different DNA damage repair signals strongly related to the immune 
response
 Upregulation of PD-L1
 Leading to cell death through different pathways (apoptosis, necrosis, mitotic catastrophe or

senescence)  release of small molecules such as ATP, calreticulin, and HMGB1 that can trigger the
immune response
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Clinical activity in CNAO: a handful of numbers
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Particles treatments distribution through the years

Carbon Ions Protons

Clinical activity in CNAO: a handful of numbers

2021

Since 2011 , 3690 pts treated
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Network

CNAO e RAdioterapie Lombarde

CNAORAL – NET
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PTA 1 Neuro-
oncology

34%

PTA 2 Ocular 
melanoma

PTA 3 Head and 
Neck
41%

PTA 4 Thorax 
and/or abdomen

PTA 5 
Pelvis

3%

PTA 6 Sarcoma 
- Limbs

<1%

PTA 7 Pediatric
1%

PTA 8 Mobile 
spine - Sacrum

3%

PBT treatments

Malignant 
melanoma

17%

Meningioma
15%

Carcinoma
11%

Chordoma, NOS
10%

Adenoid cystic 
carcinoma

9%

Squamous cell 
Carcinoma

5%

Chondrosarcoma, 
NOS
4%

Glioblastoma, 
NOS
3%

Adenocarcinoma
2%

Astrocytoma, 
NOS
2%

Neurinoma
2%

Paranasal sinus cancer

PBT according to anatomical district PBT according to tumor histology
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CIRT treatments
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Setting of CIRT/PT treatments

27% concurrent CT(with PT)



Adenoid cystic (ACC) carcinoma of the head and neck
treatment @ CNAO

Unpublished data

NPC



Unpublished data

42% R2



Outcome

Unpublished data

289 ACC pts (CIRT)
Sulaiman et al, 2018
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• CIRT (n=184)
• Median FUP: 45 months (range 7-

90)

 prognostic factors (MVA):
GTV, T stage, tumor site, number
of Surgeries, marginal status  



Toxicity of CIRT for ACC of the head and neck @ CNAO

Toxicity



CIRT reirradiation for recurrent salivary gland tumors @ CNAO 

Vischioni, Radiother Oncol,  2020



CIRT reirradiation for recurrent salivary gland tumors @ CNAO 

2y PFS 52%, 3y PFS 43,5%

2y OS 63%,    3y OS 54,5%

Author Particle No patients

(Histology)

Median FU Outcomes G3+ toxicities

Jensen et al. 2015 Carbon ions 52

(salivary glands)

14 months 1y LC 70%, 2y LC 47%

1y OS 81%, 2y OS 63%

No acute

Late G3 = 5,8%

G4 = 3,8% ica blow-out 

Hayashi et al. 2019 Carbon ions 48

(miscellaneous)

27,8 months 2y LC 40,5%

2y PFS 29,4%

2y OS 59,6%

Late ≥ G3 in 37.5%
1 pt G5 

Gao et al. 2019 Carbon ions 141

(miscellaneous)

14,7 months 1y LPFS 84,9%

1y OS 95,9%

≥ G3 in 7,1%
(4 late G5 events)

CNAO Carbon ions 52

(salivary glands)

23 months 2y PFS 52%, 3y PFS 43,5%

2y OS 63%, 3y OS 54,5%

Acute G3 = 3,9%

Late G3 = 17,5%

No G4

Vischioni et al, 2020



CIRT for locally advanced head and neck malignant mucosal 
melanoma @ CNAO 
• 40 pts, median age70 years (range 39-87)
• Tumor (T) site: nasal cavity/paranasal sinuses/other in 77.5%/12.5%/10%
• T status: naïve/recurrent in 77,5%/22,5% of pts
• T stage: T3/T4 in 17(42,5%)/23(57,5%) pts
• 28 (70%) pts after surgery, 12 (30%) with exclusive CIRT

- CIRT total dose: 65.6 Gy(RBE) or 68.8 Gy(RBE) (16 fractions, 4 fractions/week)
- 18 pts (44%) received immunotherapy after CIRT
- Median follow-up (FU) time was 18 mo (range 5-81 mo)

Unpublished data



Koto M, et al. Int J Radiat Oncol Biol Phys. (2017)

CIRT for locally advanced head and neck malignant mucosal 
melanoma @ CNAO 

3 ys LPFS 84.5%         3ys DMFS 26.7%       3 ys PFS 27.6%         3 ys OS 53.3%

Unpublished data

T3 T4 Immuno alone

Imm. no 10 (100%) 11 (19.2%) 21 (57.1%)

Imm. si 7 (71.4%) 11 (72.7%) 18 (72.2%)

T stage alone 17 (88.2%) 22 (46.5%) 39 (64.1%)

NO immunotherapy after CIRT: T3 and T4 stages maintain significant differences in 3y-OS (100% vs 19.2%)
Immunotherapy after CIRT: T3 and T4 stages reached similar OS rates (71.4% vs 72.7%).
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Mut
.

T status
Recurrent

Complete 
Resp @ 

1FU

Local 
PD

Dist 
PD

OS T4 Immuno
(yes)

4.3 Gy GTV 
vol

Average 
FU time

No 17.4% 30.4% 91.3% 44.8% 74% 60.9% 56.5% 56.5% 35 cc 22.6 
mos

Yes 60% 0% 60% 20% 80% 60% 40% 60% 44.5 cc 13.6 
mos

MUTATIONAL STATUS

Subanalysis on 28 pts carrying the mutational status information

Patients with BRAF/NRAS/cKIT wild-type status showed a trend towards a better
LPFS versus patients with BRAF/NRAS/cKIT mutations (HR=4.0 and p=0.13).

Unpublished data
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Skull base chordoma @ CNAO 

Iannalfi A, Neuro-Oncology 2020

 November 2011- December 2018

 CIRT: 65  pts (unfavourable)
 PT:70 pts

 CIRT dose: 70.4 Gy[RBE]/ 4.4Gy[RBE] FS
 PT dose 74 Gy[RBE]/ 2 Gy[RBE] FS



Outcome data on chordoma treatment @ CNAO

Toxicity

Iannalfi et al, 2020

LOCAL CONTROL

Protons : 3 ys 89% ; 5 yrs 84 %

Carbon ions: 3 ys 77 % ; 5 yrs 71 %

OVERALL SURVIVAL

Protons : 3 ys 89% ; 5 yrs 84 %

Carbon ions: 3 ys 90 % ; 5 yrs 82 %



Iannalfi et al, 2020

Prognostic factors for LC  :  gross tumor volume (GTV), 

optic pathways, and/or brainstem compression and dose coverage
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To investigate a method to estimate the proportion of NPC patients which may benefit from PT

AIM

MATERIALS AND METHODS

• Retrospective comparative bi-institutional study on a cohort of 50 non metastatic NPC patients treated
between 2016 and 2019 with curative VMAT with or without chemotherapy at Fondazione IRCCS Istituto
Nazionale dei Tumori.

• IMPT plan was optimized for each patient

In silico planning comparison (with rotational gantry)

We applied the NTCP model-based selection

To identify a comprehensive toxicity score (CTS)

NTCP model based strategy for NPC 

Submitted



• 7 of 16 NTCP models identified based on clinical relevance 

• ΔNTCPx-p between VMAT and IMPT 

• Stratified for tumor staging

• Thresholds estabilished based on the National Indication 
Protocol for Particle Therapy (NIPP):

10% for G ≥ 2 

5% for G≥ 3

^15 % for xerostomia and mucositis (G3)  for the relatively 
lower detrimental impact on the QOL 

^35%  for the composite threshold (assuming an ideal 
concomitant 5% variation for each of the 7 models)

NTCP Model NTCP filter

thresholds

ORGAN Endpoint (time post-RT)

Brain Necrosis > grade II (2

yrs)

10%

Optic

Pathways

Radiation Induced

Ocular Toxicity (RION)

(>3 mths)

5%

Optic

Pathways

Grade IV Visual Acuity

Loss (>3 mths)

5%

Oral

Cavity

Mucositis (8 wks) 15%

Superior

PCM

Grade II-IV dysphagia (6

mths)

5%

Parotid Moderate to severe

xerostomia (6 mths)

15%

TMJ Trismus (>3 mths) 10%

MATERIALS AND METHODS



 PTVHD D99% and D1% showed no significant 
difference

 no significant difference in HI values 
 CI was lower for IMPT plans
 IMPT improved OARs sparing in the low-

to-middle dose region for OARs close to 
the target while D1  for OARs located few 
centimeters far from the PTV

 IMPT allowed a reduction of 45% of the 
integral dose  

RESULTS
In silico dosimetric planning comparison 

(with gantry)



40% of the analyzed patients resulted eligible 
for proton therapy, with a greater advantage 

for T3-T4 patients.

RESULTS
NTCP model-based selection

submitted



NTCP model based patient selection approach for proton
therapy in sinonasal cancer patients with orbital invasion

• Rationale: VMAT photon RT vs IMPT in silico study based on NTCP and DVHs statistics

• Both are advanced and up to date RT techniques

• All plans were optimised in CNAO with Raystation TPS

• Selected clinical endpoints were analyzed in terms of validated NTCP models and DVHs. Following OARs were
investigated :

List of analyzed OARs

Optic chiasm

Optical Nerves

Eyes

Lacrimal Glands

Lens

Anterior chambers

Retinas

Brain

Temporal Lobes

Frontal Lobe

Spinal Cord

Cochleas

Visual apparatus

SNC

others

 Patient cohort: 22 SNUC

2 selection criteria for
assigning a case to protons or
photon were proposed

submitted



Endpoint NTCP model OAR
Blindness

5 years post-RT
Burman et al. 1991

(Severe)

𝑁𝑇𝐶𝑃 =
1

2𝜋
 
−∞

𝑡

𝑒𝑥𝑝
−𝑢2

2
𝑑𝑢,

𝑡 =
𝑔𝐸𝑈𝐷 − 𝑇𝐷50
𝑚 ∗ 𝑇𝐷50

Optic Chiasm
Left/Right Optical Nerve

Brain necrosis
5 years post-RT

Bender et al. 2012

(Severe)

𝑁𝑇𝐶𝑃 = 1 +
𝐷50
𝐸𝑄𝐷2

4𝛾 −1

Brainstem and Brain-CTV

Ocular Toxicity grade ≥ 2
Acute

Batth et al. 2013

(Intermediate)

𝑁𝑇𝐶𝑃 = 1 + 𝑒−𝛽0−𝛽1∗𝐷𝑚𝑎𝑥
−1

Left/Right Lacrimal gland

Temporal Lobe injury
5 years post-RT
Kong et al. 2016

(Severe)

𝑁𝑇𝐶𝑃 = 1 + 𝑒−𝛽0−𝛽1∗𝐷𝑚𝑎𝑥
−1

Left/Right/Frontal Lobes

Tinnitus
1-2 years post-RT

Lee et al. 2015

(Intermediate)

𝑁𝑇𝐶𝑃 =
1

2𝜋
 
−∞

𝑡

𝑒𝑥𝑝
−𝑢2

2
𝑑𝑢,

𝑡 =
𝑔𝐸𝑈𝐷 − 𝑇𝐷50
𝑚 ∗ 𝑇𝐷50

Left/Right Cochlea

Cataract requiring intervention
5 years post-RT

Burman et al. 1991

(Intermediate)

𝑁𝑇𝐶𝑃 =
1

2𝜋
 
−∞

𝑡

𝑒𝑥𝑝
−𝑢2

2
𝑑𝑢,

𝑡 =
𝑔𝐸𝑈𝐷 − 𝑇𝐷50
𝑚 ∗ 𝑇𝐷50

Left/Right Len

Dry Eye Syndrome
Bahandare et al 

(Severe)

𝑁𝑇𝐶𝑃 =
𝑒
4𝛾
𝐷
𝐷50
−1

1 + 𝑒
4𝛾
𝐷
𝐷50
−1

Left/Right Lacrimal gland

G2 necrosys
Nyiazi et al 2020

(Intermediate)

𝑁𝑇𝐶𝑃 = 1 +
39.5

𝑔𝐸𝑈𝐷

10 −1

Brain-CTV

Enpoints were classified as
severe or intermediate 

First criterion (NTCP models based)

if, for at least three of all investigated
side-effects, ia) ΔNTCP exceeded a
threshold of 20% for intermediate
toxicities or ib) 3% for a single severe
toxicities

Patient is assigned to protons



Second criterion (mixed, NTCP and DVH based)

Patient is assigned to protons

𝑇𝑆 = 𝑤1 

𝑗=0

4

∆𝑁𝑇𝐶𝑃𝑠𝑒𝑣𝑒𝑟𝑒𝑗 +𝑤2 

𝑘=0

4

∆𝑁𝑇𝐶𝑃𝑖𝑛𝑡𝑒𝑟𝑚𝑒𝑑𝑖𝑎𝑡𝑒𝑘 + 𝑤3 

𝑟=0

𝑚

∆𝐷𝑉𝐻 𝑟

if  an arbitrary mixed ΔNTCP/ΔDVHs parameter called 
total score (TS) is higher than a threshold of 250

𝑤1,2 and 3 are the weights given to the three
factors. 
∆𝐷𝑉𝐻 is equal to +1 if a certain DVH 
parameter (r) is < 20% for proton plans , 
equal to -1 if it is <20%, 0 otherwise.

If criterion 1 or 2 is fulfilled
than patient is assigned to 

protons

Over 22 patients, 17 would
benefit from protons

(77,3%)
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Title
Study 
phase

Setting First endpoint State
N. of 

patients
enrolled

CNAO 35/2017C: PIOPPO Preoperative chemotherapy and carbon 
ions therapy for treatment of borderline resectable pancreatic 
adenocarcinoma: a prospective, phase II, multicentre, single-arm 
study

II Multicentric PFS Recruiting 12

CNAO 37-2019: 4D-MRI CIRT MRI-guidance for organ motion 
management in carbon ion treatments of abdominal tumours II Monocentric

organ motion
quantification

(MRI)
Recruiting 8

CNAO 40 2020C: Carbon ion radiation therapy in the treatment of 
mucous melanomas of the female lower genital tract (CYCLE) II Monocentric PFS Recruiting 3

CNAO 41 2020C: Phase II clinical study on the re-irradiation of 
lateral pelvic recurrences of gynecological malignancies (CYCLOPS) II Monocentric LC Recruiting 2

Immune checkpoint inhibitors and Carbon iON radiotherapy In solid 
Cancers with stable disease (ICONIC)

II Multicentric
objective 

response rate 
(RECIST)

Submitted -

Interventional clinical studies (Promoter/PI: CNAO)

CNAO OSS 
25 2021

CNAO Registry Trial (Regal)

CNAO OSS 30 
2021

E²-RADIatE: EORTC-ESTRO RADiotherapy InfrAstrucTure for Europe,
EORTC protocol 1811

Protect trial

EUROCAN



Thank you very much for your attention …. 
and

……. thank’s a lot to all my clincal staff

Radiation Oncologists:
E.Orlandi

A.Barcellini, M.Bonora
A.Chalaszczyk, A.Iannalfi

R.Ingargiola, M.Fiore
G.Riva, S.Ronchi

B.Vischioni, V.Vitolo,

Medical Physicists: 
M.Ciocca

G.Magro, D. Maestri,
,A.Mirandola, S.Molinelli

S.Russo,E.Rossi
A.Vai

Medical Secretary
Office:

V.Gasperi, E. Villani, 
V. Di Palma

RTTs & Nurses:
S.Tampellini

RTTs: M.Addonizio, F.Alabiso, 
L.Anemoni, G.Balsamo, L.Bianchi, 

Y.Bontà, M.Cadeo ,L.Calabrò, A.Ferent,
F.Ferrari, F.Ferrario, G.Giovanelli, 

N.Giuliani, G.Leone,
A.Mancin, L.Martini, I.Mascayano, 
G.Ordano, M.Piazzolla, D.Zambrino

NURSES: M.Delle Femine, A.Maioli, 
M.Manno, E.Silajdzija, C.Testa, L.Zollino

BiomedicalEngineers: 
G.Baroni

B.Tagaste, G.Fontana
A.Pella, F.Bello

R.Ricotti, L.Antonioli


