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Charged particle therapy facilities around the world
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AT CNAO BOTH 
PROTONS AND
CARBON IONS 

BEAMS



Rare tumors of the head and neck

According to 

RARECARE definition (incidence < 6/100000 persons/year) 

EC definition (prevalence < 5/10000)

• Salivary gland tumors

• Sinonasal tumors
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Outline

Salivary gland tumors

- Role of radiotherapy (RT) in locoregional disease

- What is particle therapy

- Evidence for salivary gland tumors treatment with carbon ions in Japan and Germany

- Recurrent disease

Sinonasal tumors

- Management and role of RT in locoregional disease

- Evidence in particle therapy for sinonasal tumors (protons and carbon ions)
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Salivary gland tumors and radioresistance



• Standard treatment: radical surgery + PORT

• PORT: significant impact on LC from retrospective series

rates of 95%, 86%, and 79% at 5-, 10-, and 15-years

Balamucki CJ 2012; Mendenhall WM 2004; Garden AS, 1995; van Weert S, 2013;Ali S, 2017, Chen  AM 2006, Gomez DR 2008, 
Oplatek A, 2010; Ellington CL, 2012;   Prokopakis EP, 1999; Li Q 2011;  Cordesmeyer R, 2016, Temelli O, 2017, Lee A 2017 
Pakebayashi A, 2018;  van Weert S, 2013; Ellington CL 2012 ; da Cruz Perez DE 2009 , Barret AW 2009

Postoperative RT for Adenoid Cystic Carcinoma (ACC)  



Definitive RT for unresectable SGCs
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For unresectable SGC heavy particles or mixed beams (carbon ions with photons) are higly recommended

IMRT with doses > 70 GY

5ys LC 50-55%



Local control benefit with neutron treatment for unresectable 
malignant salivary gland cancers (SGCs)
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Griffin et al, Int J Radiat Oncol Biol Phys, 1988 

Neutrons                                                               Photon

RTOG-MRC Cooperative 
Randomized Study



Clinical experience: definitive RT for unresectable SGCs
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Neutron vs photon irradiation of inoperable salivary gland tumors: results of 

an RTOG-MRC Cooperative Randomized Study 
(prospectic phase III randomized trial)

Griffin et al, Int J Radiat Oncol Biol Phys, 1988 

LOCAL CONTROL in RTOG-MRC trial



Particle therapy
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Dose shaping of hadrons
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Protons

D
o

se

Tumor

Photons



e-Sessions via e-ESO.net | ©2021 The European School of Oncology 13

PHOTONS               PROTONS                            CARBON IONS

Dose shaping of hadrons
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OARs sparing and acute toxicity in proton beam therapy (PBT)
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Carbon ions: higher 
effectiveness on radioresistant 

clones

Higher biological effectiveness of carbon ions vs 

photon radiotherapy
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CIRT outcome in locally advanced
non-SCC HN tumors @ NIRS 

(National Institute for Radiological Sciences)
Japan

5ys local control:

Adenocarcinoma: 73%

MMM: 75%

ACC:  73%

Papillary adenocarcinoma: 61%

SCC: 61% 

Sarcoma 24: % 

5y sopravvivenza:

Adenocarcinoma: 56%

ACC:  68%

Sarcoma: 36%

MMM: 35%

Papillary adenocarcinoma: 31%

SCC: 17% 

CIRT dose 64 GyRBE in 16 fraction
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Tsujii H and Kamada T, Jpn J Clin Oncol, 42: 670-685, 2012

Comparison of CIRT treatmet data in ACC



Japan Carbon-ion
Radiation Oncology Study Group (J-CROS)

A retrospective multicenter study of carbon-ion radiotherapy for head and neck cancere except sarcoma: 
Japan Carbon-Ion Radiation Oncology Study Group (1402 HN)

AIM
To evaluate the efficacy and safety of CIRT for patients with 
head and neck cancer except sarcoma treated with CIRT in 
Japan

- 2003-2014 
- unresected pts or unfit for surgery
- radical intent
- N0-N1
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J-CROS (Japan Carbon ion 
Radiation Oncology Group) 
Study 1402 HN (2003-2014)

908 pts enrolled

458 pts
2 ys LC 79.6%

69 pts
3 ys LC 81%

289 pts
2 ys LC 88%

- unresected pts or unfit for surgery
- radical intent
- N0-N1
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No of patients 289
Gender Male 105 (36%)

Female 184 (64%)
Age Median 68
Site Sinonasal

cavity
122 (42%)

Pharynx 55 (19%)
Oral cavity 33 (12%)
Salivary glands 35 (12%)
Others 44 (15%)

T classification T1 15 (5%)
T2 22 (8%)
T3 45 (16%)

T4 200 (69%)

Unclassified 7 (2%)
N classification N0 277 (96%)

N1 12 (4%)
Tumor status Naive 234 (81%)

Recurrence 55 (19%)

5-y LC：74%

5-y OS：68%

Sulaiman et al. Int J Radiat Oncol Biol Phys. 2018

ACC and CIRT in Japan (J-CROS-1402)

Late toxicity:  2 G5 (hemorrhage)
14 G4  (visual, brain)



Parotid gland carcinoma and CIRT (NIRS data)
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5-y OS:70.1%
5-y PFS: 49.2% 
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5-y LC: 74.5%

Survival Local control

83% of patients could maintain 
facial nerve function after C-ion RT!

Koto M, et al. Head Neck. 2017; 39:724-729

46 patients Median follow up time: 62 months

16 ACC
8 MEC
8 adenocarcinoma
14 others

T2 3
T3 18
T4a 8
T4b 17

25 unresected
20 local recurrence after surgery
1 R2



CIRT for ACC @ HIT (Germany)
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Schulz-Ertner D et al, Cancer 2005

Feasibility data published in 2011: “Carbon ion therapy for advanced sinonasal malignancies: feasibility and acute 
toxicity”, Jensen et al.

Mixed beam regimen:  Median CIRT dose was 24 GyRBE, median IMRT dose was 50 Gy (according to COSMIC trial). 
The total dose of 74 GyRBE corresponds to a biological effective dose of 80 Gy BED
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P=0.015

P=0.033

Jensen et al, Cancer 121:3001-9, 2015

METHODS
- R2 or unresected
- 58 ACC with C12 boost and IMRT vs 37 with photons (IMRT or FSRT) 
- Median F/U =74 months in the C12 vs 63 in the photon group

RESULTS
- 5 ys LC in C12 vs photon: 59.6% vs 39.9%
- 5 ys PFS in C12 vs photon: 48.4% vs 27%
- 5 ys OS in C12 vs photon: 76.5% vs 58.7%

Most of recurrences in field→need for dose escalation

COSMIC trial with C12 boost dose increased up to 24 GyRBE 
started in 2010 (Jensen et al, IJROBP, 2015)

CIRT for ACC @ HIT (Germany)
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CIRT for ACC @ HIT (Germany)

P=0.929

In T4 tumors, the necessity of extensive and potentially mutilating surgical procedures should be discussed 
with the patient where definitive radiotherapy may be a good alternative.

This data was confirmed also in the larger ACC series published in 2015 from the same group on all 309 
ACC pts treated at GSI and HIT in their 15 years experience with raster scanning (Jensen et al, Rad Oncol 
2015).

No difference in LC in R2 vs unresected tumors

Jensen et al, Cancer 121:3001-9, 2015
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67 pts: surgery → PORT (Carbon boost)
R2: 7% only
Median follow up 40 mesi
Median 5 years OS and LDFS 85% e 75%

CIRT for ACC @ 
HIT (Germany)



CIRT in recurrent ACC @ CNAO (Italy)
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2y PFS 52%, 3y PFS 43,5%

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



Outline

Salivary gland tumors

- Role of radiotherapy (RT) in locoregional disease

- What is particle therapy

- Evidence for salivary gland tumors treatment with carbon ions in Japan and Germany

- Recurrent disease

Sinonasal tumors

- Management and role of RT in locoregional disease

- Evidence in particle therapy for sinonasal tumors (protons and carbon ions)
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Sinonasal tumor management

• Usually managed with surgery

• Radiotherapy used in postoperative setting with schemes and results depending on stage, histology, margin
status, grading (poor quality evidence)

• Importance of new high precision RT tecniques
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In locally advanced sinonasal tumors

• Radical radiotherapy treatment in unresectable patients often with addition of chemotherapy

• Histology driven chemotherapy and neoadjuvant chemotherapy improve prognosis

• Multimodality treatment gives better resullts in prognosis
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Bossi et al, Cancer Treatment Reviews 2015



Rationale for the use of protons vs CIRT in sinonasal
tumor treatment
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Radio-sensitivity 

Squamous Cell Carcinoma (SCC) 

(90%)
+++

Undifferentiated Carcinoma ++++

Adenocarcinoma ++

Adenoid-cystic carcinoma 

Mucosal Melanoma 
+

RADIORESISTANCE

http://www.google.it/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjkl_aGhqXLAhUGKQ8KHc-9D4EQjRwIBw&url=http://www.webmdc.com/sinus-infection-symptoms-what-is-paranasal-sinuses/&bvm=bv.115339255,d.bGQ&psig=AFQjCNFMv_LbS75HbxJ4uYzLfTPV3lqYtw&ust=1457112696609515


Rationale for the use of protons vs CIRT in sinonasal
tumor treatment

• Protons→to spare toxicity and dose escalate

• Carbon ions→to increase effectiveness and cure rate
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Lomax et al, Radiother Oncol, 2003

IMPT                  IMRT

IMRT                    IMRT

DIFFICULT LOCATION IN 
HEAD AND NECK
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1472 pts

13

Can particle therapy improve LC and survival

in sinonasal tumors?
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OS

5 ys DFS

LRC

5 ys OS
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Conclusion: 
Need for international PT registers for comparison or randomized trials 

TOXICITY

- PT studies more detailed on toxicity vs photon (92% 
vs 57%; p=0·03). 

- Challenging cases sent to PT instead of photons

- Higher biological and phyiscal doses delivered in PT 
studies compared to photon



Proton therapy for sinonasal cancers
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ND
14%
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15%

BETTER PSPT

0%
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15%
26%
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5 ys LC better for 
paranasal sinus

treated with protons vs 
IMRT

5 ys OS better for MMM 
treated with CIRT vs 

IMRT

Methods: 74 IMRT vs 12 particles studies in HN pts

Conclusion: 
- CIRT advantage for 

radioresistant ca
- Need for international PT 

registers for comparison

Can particle therapy improve

LC and survival

in sinonasal tumors?



Mucosal melanoma 
and CIRT 

(J-CROS-1402) 
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No of patients 260

Gender Male 111 (43%)

Female 149 (57%)

Age, years median 68

Primary sites
Sinonasal
cavity

221 (85%)

Oral cavity 27 (10%)

Pharynx 12 (5%)

T classification T3 86 (33%)

T4a 147 (57%)

T4b 27 (10%)

N classification N0 251 (97%)

N1 9 (3%)

Tumor status Naive 224 (86%)

Rec. 36 (14%)

5-y local control (LC)：72. 3%

5-y overall survival (OS)：44.6%

Koto M, et al. Int J Radiat Oncol Biol Phys. (2017) 97:1054-1060



Comparison of CIRT with conventional RT for 
mucosal melanoma
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3-y OS 5-y OS > Grade 4 toxicity

C-ion RT4

（n=260）
58.6% 44.6% 2.7%

X-ray (n=31)1 33% n.a. 6.5%

X-ray (n=11) 2 13% n.a.

X-ray (n=28) 3 18% n.a.

Surgery 25－46％

1. Wada H, et al.  Int J Radiat Oncol Biol Phys. 2004;59:495-500.
2. Krengli M, et al. Int J Radiat Oncol Biol Phys 2006;65:751-759.
3. Gilligan D, Slevin NJ. Br J Radiol 1991;64:1147-1150.
4. Koto M, et al. Int J Radiat Oncol Biol Phys. (2017) 97:1054-1060.



Take home messages

• Carbon ion therapy can improve local control especially in non-radiosensitive tumors such as salivary gland
tumors and malignant melanoma 

• Proton therapy has the potential to improve local control in dose escalation studies with acceptable side 
effects

• No guidelines are available to help clinicians in the choice between IMRT and particle therapy, particularly as 
regards to protons. For nonradioresistant or relatively radioresistant tumors, such as SCC, SNUC, and 
neuroendocrine sinonasal carcinomas, for which the first goal is to reduce the risk of neurological radiation-
induced adverse effects while achieving similar tumor control as compared to IMRT, NTCP based approach 
should be implemented to address patients to the proper treatment

• Large prospective studies or international registries should be designed to face efficacy and toxicity clinical 
issues.
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