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REIRRADIATION FOR HEAD AND NECK 
TUMORS WITH PARTICLE RADIOTHERAPY

Barbara Vischioni MD, PhD
National Center for Oncological Hadrontherapy CNAO
Pavia, Italy
barbara.vischioni@cnao.it
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ü approximately 40% of patients will develop a second cancer or locoregional recurrence. 

ü locoregional recurrence is the most common cause of death in head and neck cancer, 

Ø Alternative options: surgery  or systemic therapy 
(especially in the era of immunotherapy)

Ø No randomised evidence to guide management

Ø Several options largely reported from single institution 

studies

Ø Risk of life-threatening complications after reRT (or at least 

those that significantly affect the quality of life) 

REIRRADIATION FOR HEAD AND NECK CANCERS

LOCAL TREATMENT plays an important role
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Evolution of radiation oncology

05/07/23 3
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Issues for reirradiation in tumors of the head and neck region

à sensitive OARs essentials for vital function

à Usually already received high doses in previous curative treatment

à New radiotherapy course needs high doses if curative intent since relapse probably arises from selection
of radioresistant clones after first radiotherapy course

05/07/23 4

Recurrent disease and radiation oncology
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/   Hadrontherapy or particle therapy

Treatment Cost: side effects
Tretment Benefit: tumor control

Recurrent disease and radiation oncology

Ø Interval from 1st RT

Ø Late effects from previous RT

Ø Previous dose exposure

Ø Age

Ø Stage TNM

Ø Site

Ø Recurrence or second primary
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Reirradiation in head and neck tumors with curative intent
when…

05/07/23 6

• In centers of high expertise where it is possible to manage acute and long term toxicities
• At least 6 months after initial RT
• Possibility to receive additional doses of RT of at least 60 Gy
• Consider protons when normal tissue constraints cannot be met by photons Takiar et al. 2016
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Particle or photon radiotherapy in the recurrent setting

05/07/23 7
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Particle or photon radiotherapy in the recurrent setting
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Agenda

- Rational for differential use of protons and carbon ions for reirradiation (reRT)

- When proton and when carbon ions for reRT

- reRt at cnao (salivary, sinonasal)

- Toxicity (with a focus on carotid toxicity)

- Vademecum for reRT

05/07/23 9



Co
py

rig
ht 

Barb
ara

 Visc
hio

ni 
CN

AO    
  C

op
yri

gh
t B

arb
ara

 Visc
hio

ni 
CN

AO

Co
py

rig
ht 

Barb
ara

 Visc
hio

ni 
CN

AO    
  C

op
yri

gh
t B

arb
ara

 Visc
hio

ni 
CN

AO

Co
py

rig
ht 

Barb
ara

 Visc
hio

ni 
CN

AO    
  C

op
yri

gh
t B

arb
ara

 Visc
hio

ni 
CN

AO

Co
py

rig
ht 

Barb
ara

 Visc
hio

ni 
CN

AO    
  C

op
yri

gh
t B

arb
ara

 Visc
hio

ni 
CN

AO

Co
py

rig
ht 

Barb
ara

 Visc
hio

ni 
CN

AO    
  C

op
yri

gh
t B

arb
ara

 Visc
hio

ni 
CN

AO

Co
py

rig
ht 

Barb
ara

 Visc
hio

ni 
CN

AO    
  C

op
yri

gh
t B

arb
ara

 Visc
hio

ni 
CN

AO

Co
py

rig
ht 

Barb
ara

 Visc
hio

ni 
CN

AO    
  C

op
yri

gh
t B

arb
ara

 Visc
hio

ni 
CN

AO

Dose shaping with particle therapy

05/07/23 10

Protons

Do
se

Depth

Tumor

Photons

Protons and carbon ions:
Lower dose-bath then
conventional radiotherapy

Lower toxicity due to 
better dosimetry

Dose escalation 
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Biological properties of carbon ions

05/07/23 11

C-ion

CD133- C-ion

CD44-

C-ion

CD133+

Photon

CD44-Photon

CD133-

Photon

CD44+

C-ion

CD44+

Photon

CD133+

S
u

r
v
iv

a
l 

F
r
a
c
ti

o
n

Dose (Gy) Dose (Gy)

CD133+, CD44+：stem–like cell property

Cancer stem like cells are radio-

resistant, but not for carbon ion

1. Physical selectivity
- Bragg Peak has High-LET 
components.

2. Radiobiological effect at the peak for 
carbon ions

- RBE increases with depth.

- Peak to plateau ratio of the 
“biologically equivalent dose” is larger 
than other ion species

- Increased efficiency against hypoxic 
cells (OER)

- Increased efficiency against cells in a 
resistant phase of the mitotic cycle

- Little repair possibility of irradiated 
cells. 

- Increased efficiency against cancer 
stem like cells

Cui X, et al. Cancer Res. 2011

Carbon ions:
Higher efficacy on radioresistant clones
Higher efficacy in radioresistant tumors
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Experience with hadrontherapy for head and neck tumors in the real world

• Protons (PT): good dosimetry to spare OARs
à difficult location

• CIRT: good dosimetry and high RBE (Relative Biological
effectiveness)

à radioresistant tumors and difficult location

Different indications for PT vs CIRT:
• CIRT in radioresistant tumors, unresectable or unfit for surgery

• Protons for radiosensitive tumors, in postoperative cases (R0 or R1) or in definitve setting to 
reduce toxicity (in young patients , in cases of carotid tumor invasion or post surgical flap 
insertion)
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Benefit of particle therapy in in silico studies

05/07/23 13

Overall mean dose benefit comparing IMPT to VMAT = 40%
Overall mean dose benefit comparing IMIT  to VMAT = 54%
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Which particle?
Experience with proton therapy for reirradiation of head and 
neck tumors

05/07/23 14
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Experience with proton therapy for 
reirradiation of head and neck 
tumors
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Comparison with recent
IMRT photons H&N reirradiation
studies
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Phan et al, 2016

5 ys LRC 72%
2 ys late tox 26%

Carotid rupture 2%

Feed tube dependence 57%

Fistula 5%

2 ys late toxicity 32-46%
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242 pts-retrospective cohort study
Median interval from first RT 22 months
Median prior RT dose 69,96 Gy

70 Gy fractionated cohort

1-year LC was 71.8%
1-year OS was 66.6% 

Salvage surgery prior to PT-ReRT and PT-ReRT dose were 
associated with improved LC

79 potential grade 3, 4 G4, and 5  G5 late toxic effects (CBS). 

Median PT reRT dose

The toxic effects observed in the current study 
were not low, and because longer survival 
was observed compared with our IMRT 
experience, it is probable that patients are 
surviving long enough to develop late effects 
that would not have been seen previously. 

Experience with proton therapy for reirradiation of head and neck 
tumors
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Hadrontherapy centers in the world

3 centers in China

6 centers in Japan

MedAustron – Wien (A)CNAO – Pavia 
(I)

HIT- Heidelberg (G)

MIT – Marburg (G)

130 clinical facilities of 
protons and  13 centers of 
carbon ions in the world

6 multi-particle (protons
and carbon ions) 
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Combs, 2011

28 patients:
16 base of skull chordoma 
2 base of skull chondrosarcoma

4 ACC
1 SCC 
3 high grade meningioma
1 sacral chordoma
1 sacral chondrosarcoma

Median dose re RT: 18 GyE boost( 3 Gy/fr)

No acute nor late severe toxicity (> G2)

Jensen, 2011

Which particle?
Experience with carbon ions for 
reirradiation of head and neck
tumors

Median dose re RT: 51 GyE ( 3 Gy/fr)
LC: 92 % 2y e 64% 3y
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Carbon ion experience @ HIT for head and neck reirradiation
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1y 

LC 70%

OS 81%

51 Gy E

2 ys

LC 47%

OS 63%

Acute G3 =0
Late  G3 = 5,8 (CNS necrosis, 

osteoradionecrosis)
G4 = 3,8  ica blow-out 

à4 mixed beam (C12 + IMRT)
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Selection of patients for carbon ion
Better LC for ACC compared to other histologies

229 patients
2010-2017
51 median GyRBE
28.5 mo follow up
Retrospective

Carbon ion experience @ HIT for head and neck reirradiation
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Carbon ion experience in Japan for head and neck reirradiation
after photon radiotherapy (J-CROS study)

- 56 pts 2003-2019
- Previous photon RT
- Tumors mainly located sinonasal cavity and orbit
- Most common histology SCC

CIRT fractionation schemes
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Carbon ion experience in Japan for head and neck reirradiation
after photon radiotherapy (J-CROS study)
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Carbon ion experience in Japan after carbon ions for head and 
neck reirradiation
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Retrospective

48 patients retreated with CIRT from 2007 to 2016

After previous CIRT

Histology:
21 pts (43.8%) MMM 

17 (35.4%) ACC

6 (12.5%) bone and soft tissue sarcomas, 

4 (8.3%) other disease types. 

Tumor recurrence site
paranasal cavity (n = 18, 37.5%), 

nasal cavity (n = 9, 18.8%), 

Nasopharynx (n = 4, 8.3%), 

orbit (n = 3, 6.3%), 

cavernous sinus (n = 3, 6.3%), 

other sites (n = 11, 22.9%). 

Median dose of initial CIRT 57.6 GyRBE

Median dose at re-irradiation 54.0 GyRBE

No concurrent chemotherapy.

Median FU 27.1 months.
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Acute ≥ G3 in 10.4%
Late ≥ G3 in 18 pts (37.5%)
50% expected visual loss for relapse 
proximity to optic nerve

1 pt G5 (CNS radionecrosis)

acute and late toxicity profiles comparable to those of proton therapy.

à Worse toxicity if CIRT after CIRT compared to CIRT 
after photon (personnal communication)  

Carbon ion experience in Japan after carbon ions for head and 
neck reirradiation
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2-y LC 
40.5%

2-y LRC 
33.5%

2-y PFS 
29.4%

2-y OS 
59,6%

Significant predictors @ MVA: 

Site of failure at reirradiation
(in-field vs marginal recurrence)
2-y LC: 52.8% vs 28.2% (P = 0.030) 
2-y PFS 38.6% vs 19.1% (P = 0.042) 

Interval between initial CIRT and re-CRT
(<24 months vs >24 months)
2-y PFS 20.8% vs 38.3%, (P = 0.036) 
2-y OS 37.5% vs 82.7% (P = 0.002) 

Carbon ion experience in Japan after carbon 
ions for head and neck reirradiation
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Median time to locoregional recurrence 12.9 mo
Median incidence of LC and RC 84.9% vs 97.7%

141 patients
2015-2017
60 median GyRBE
14.7 mo follow up
Retrospective

Carbon ion experience @ SPHIC (China) 
for head and neck reirradiation
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1 y PFS 82.2%                 1 y LRFS 
86.6%

(local recurrence free survival)

1 y RRFS 97.9%          1y DMFS 96.2%
(regional recurrence free survival)

75 patients
2015-2017
50-66 GyRBE
15 mo follow up

Carbon ion experience @ SPHIC (China) for nasopharyngeal
cancer reirradiation
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Carbon ion experience @ SPHIC (China) for nasopharyngeal
cancer reirradiation
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Protons /Carbon Ions 

6-DoF Robotic couch

in room 3D imaging

CNAO 
National Center for 

Oncological Hadrontherapy experience in 
head and neck reirradiation

3 treatment rooms
50 pts/day 
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Reirradiation experience @CNAO in head and neck tumors

- SCC, not radioresistant tumors
- Previous surgery
- Good PS but fragile patient (for comorbidities)

PROTONS

Radioresistant histologies CARBON IONS

50%
salivary 
gland

9%
adenocarc

inoma

18% SCC

4% indifferentiated ca
3%

9%
chordoma

7%
sarcoma
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CIRT reirradiation for recurrent salivary gland tumors @ CNAO 
52 pts
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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
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CIRT reirradiation for recurrent sinonasal tumors @ CNAO 
1 y LC 44%               1 y OS 92.9%
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Late toxicity and reirradiation

and 
cocleas

and 
chiasm

Brainstem

Temporal Lobes

Carotid Artery Bones and soft/muscle
tissue

QUANTEC
QUantitative
Analisys
Normal
Tissue
Effect in the
Clinic

Photons –

Protons

What for 

Carbon Ions?
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Late toxicity and reirradiation

CTCAE scale to grade toxicity
Example of mucositis
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No vascular toxicity in patients 
reirradiated 

with carbon ions @ CNAO

Late toxicity and reirradiation: 
Focus on carotid artery rupture
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Selective Carotid Sparing

No PET response
in underdosed

area

MRI 
Progression

disease
in underdosed

area 

54 Gy(RBE) to GTV
30 Gy (RBE) to ICA 

Late toxicity and reirradiation: risk of local
progression in case of organ sparing

Carotid coiling to increase dose prescription
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Take home messages

• Only small series (very heterogeneous in histologies and location in the head and skull base)
with short follow up are available on particle reirradiated patients

• This is because hadrontherapy is a relative new type of treatment and there are only a few centers treating
patients, especially with carbon ions (only 13) in the world. Prospective clinical trials or collaborative 
registries are needed to assess the benefit of particle therapy in reirradiation setting

• Data of patients reirradiated with protons compare well with IMRT. Carbon ion reirradiation is a valid option 
when surgery is not indicated for radioresistant tumors (nasopharynx?)

• Patient selection criteria are needed to address patients to reirradiation with protons or carbon ions (genetic
signature, nomograms…).
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Vademecum for reRT

05/07/23 40

• multimodal imaging could be very useful to help define target volumes
• fusion of Digital Imaging and Communications in Medicine radiotherapy files to 

generate a sum plan (DICOM), is recommended if available in order to evaluate total 
cumulative doses and better optimize the reirradiation plan

• Active scanning and robust optimization
ü There is little consensus on dose constraints to organs at risk in the reirradiation setting
ü BED for OARs/cumulative doses

Treatment tailored to 
the 

patient
characteristics

Treatment 
consent
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barbara.vischioni@cnao.it


