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RT Technical progress 
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Conformality/Homogenity /high gradient

Mia immagine da tumori

Dosimetric gain +++

IMRT3D2D

Palazzi  M,2006
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Five phase III  trials comparing 2D/3D vs IMRT

Site Stage 
I/II III/IV

Overall
Npts

RT technique RT dose, Gy (tumor)
2D/RT            IMRT

CHT

Pow
IJROBP 20106

Naso 45           - 45 2D-RT vs IMRT 68                  66-68 no

Kam
JCO 2017

Naso 56           - 56 2D-RT vs IMRT 66+/-BT     66+/-BT  no

Nutting
LO 2011

Oro-
Hypo 23           71

80
14

2D-RT vs IMRT      
(postop)

65                    65 Neo 
(40%)

Gupta
R&O 2014

Oro-
Hypo
Lar

12            48 32
17
11

3D-RT vs IMRT
70                    66 Conc

Peng
R&O 2012

Naso 194         
422        

616 2D-RT vs IMRT 74+/-BT     74+/-BT  Neo/co
nc/adj
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 Xerosotomia scores grades 2-4

A siginficant overall benefit in favor of IMRT was found for all studies with an HR of 0.76 (95% 
CI:0.66,0.67;p< 0.0001)

 Locoregional control (LRC)

Even if not sigificant, there was an increase in locoregional control favoring IMRT:

HR 1.07 (95% CI:0.93,1.23;p< 0.35)

 Overall survival (OS)

Again, any significant increase in OS favoring IMRT was observed:

HR 1.12 (95% CI:0.97,1.29;p< 0.11)

BUT 5-year LRC and OS rates were significantly higher in IMRT group vs 2D-RT group (Peng R&O
2012)



Potential advantages with IMRT:

Biblio5

 Sparing of  swallowing related structures and  minimizing risk of late 
dysphagia.

 Improvement in Quality of Life  (Xerostomia and  Dysphagia).

 Reduction of trismus, temporal lobe neuropathy (nasopharyngeal cancers) 
and hearing loss. 
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 Dose gradient are steep ,especially near organs at risk

 Inacurrancies in repositioning and anatomical changes during
RT may influence target volume coverage and sparing of OARs

Careful imaging protocols (image guided radiotherapy, 
IGRT)
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baseline
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7° week



Adaptive radiotherapy (ART)

2016



Photon therapy: limitations
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 From a ballistic and dosimetric point of view, Photon 
therapy is likely to have reached a plateau

 Unavoidable irradiation of normal tissues from low to 
moderate doses even at substantial distances from the 
tumor 

• extensive toxicities 

• nausea, vomiting , acute fatigue, occipital alopecia

anterior oral mucositis

•

 No more RT dose escalation for radioresistant tumors 



CHARGED  PARTICLE THERAPY 
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Durante M, 2010 
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Courtesy by Durante

HEAVY ION THERAPY



Physical (dosimetric) advantages of
PT (Proton Thrapy) over IMRT:
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 to significantly reduce the normal tissue irradiation 
while delivering a similar dose to the tumor

 and/or 

 to escalate the dose to the tumor without exceeding the 
radiation dose delivered to the surrounding normal 
tissues 
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 OPC:  sparing of multiple critical organs including the oral cavity (in particular 
the anterior mucosa) , major salivary glands (van de Water TA , 2011, 2012; 
Cozzi L 2001, Holliday EB 2016) and mandible (Zhang W, 2017) ; reduction or 
elimination of the dose to uninvolved controlateral oropharyngeal and 
nasopharyngeal mucosa (Perkins SM 2012)
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 Unilateral head and neck irradiation: reduction of 10 times of higher to
critical medline (oropharyngeal mucosa) and contralateral OARS 
(Kandula S 2013, Stromberger C 2016)

 NPC: lower doses to multiple OARs, including major salivary glands, 
spinal cord, brainstem and optic chiasm; reduction of the averaged 
mean dose to OARs  by a factor of 2–3(Widesott L, 2008);reduction of 
low-to medium dose volumes (Liu SW, 2010; Lewis GD  2016)

 PNSC: lower doses to  pituitary gland, optical pathway structures, 
brain, non target tissue by up to 65%  (Lomax AJ 2003;Mock U 2004, 
Chera BS 2009, Cavallo A 2014) 



PURPOSE: Dosimetric comparison among treatment plans from different RT techniques
aiming at the evaluation of the impact of combined treatment modalities on target
coverage and OARs sparing for sinonasal tumors.

MATERIALS and METHODS:

• 5 (SINTART 2)

• with ENI (upper neck)
Patients

• SIB photons (ph)

• Sequential photons + Carbon-ions (ph+C)

• Sequential protons + Carbon-ions (p+C)
Plans

• VMAT (Varian Eclipse) for ph plans – 2/4 coplanar and non-coplanar 
arcs [Orlandi, RO, 2014]

• IMPT (Siemens Syngo) for p/C plans
Technique

Can we increase the dose with particle 
therapy versus IMRT? 

A dosimetric study for sinonasal cancer

Cavallo A, ESTRO 2016



Prescription doses (PD)

ph ph+C p+C

HR-PTV 70 Gy
2 Gy/fr

54 Gy + 21 Gy(RBE) * (54 + 21) Gy(RBE) *

LR-PTV 56 Gy 
1.6 Gy/fr

54 Gy
2 Gy/fr

54 Gy(RBE)
2 Gy(RBE)/fr

*C boost of 21 Gy(RBE) 
at 3 Gy(RBE)/fr

Optimization process

Plan
(VODCA)

Neurological structures 

sparing
PTVs coverage

Remaining OARs 
sparing



All plans could be considered
clinically acceptable and
deliverable.

RESULTS

• CI and HI: better for ph plan

• Dmin ↑ for ph plan

• V70Gy ↑ for +C plan

HR-PTV coverage

Dmin (%) V70Gy (%) CI HI

ph 96.5 72.86 1.135° 0.063ª

ph+C 93.5 99.00* 1.259 0.077ª

p+C 88.0 96.64* 1.333 0.161

* is statistically significant for p+C and ph+C vs SIB (p<0.001)
° and ª are statistically relevant for ph vs p+C (p=0.003 and p<0.02)



RESULTS

• Dmean ↓ in p+C plans for contra-lateral optic nerve, chiasm and cochleae (p<0.03)

• V10Gy ↓ in p+C plans for temporal lobes and brain (p<0.05)

OARs sparing

• Integral dose to HT ↓ in p+C plans vs the others, but also in ph+C vs ph (p<0.01)

Healthy tissue

p+C: better sparing of OARs far from and not involved in PTVs





Potential Concerns (1)

 High sensitivity of proton dosimetry to tissue heterogeneity  and changes 
in target depth.

 Protons are more sensitive to geometric variations (due to setup 
inaccuracies, tumor shrinkage, weight loss, and organ motion) during
treatment than photons

Blanchard 2017, Gregoire 2015, Leeman 2017



Fukumitzu, 2014 21

The aeration ratio



Gora, 201522

PROBLEMA SET UP CON FOTONI

overdosage

8 HNC pts

4th week 4th week



P
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Anatomical error:dependence from῾(delta) tumor size (high)

Set up error: dependence from tumor size (small)

10 OPC pts

Kraan 2013
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 A uniform RBE (radiobiological effective dose), or measurement of proton 
efficacy compared with photon, of 1·1 is assumed almost universally for 
the purposes of proton beam therapy treatment planning, despite 
evidence that the RBE might fluctuate depending:

 proton’s depth in tissue (SOBP size and position)

 Fraction size and fractionation

 types of cells

Potential Concerns (1)
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SOBP position and fractionation

Increased LET and increased RBE

Marshall, 2016

critical neurological structures!!! 
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HPV pos

photons protons HPV neg

Wang L2016



Leeman JE 201727

Direct comparisons of photon versus proton toxicity
in head and neck cancer



Nasopharyngeal carcinoma
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Chan A, Adams JA, Weyman E, et al. A phase II trial of proton radiation therapy
with chemotherapy for nasopharyngeal carcinoma. Int J Radiat Oncol Biol Phys
2012; 84: S151–52. 

23 patients treated with a combined photon and proton technique : LC 100%;OS : 
100  (2y ). Toxiciy: grade 3 or worse hearing loss: 29% ; grade 3 or worse weight loss: 
38% and no grade 3 xerostomia

Chan A, Liebsch L, Deschler D, et al. Proton radiotherapy for T4 nasopharyngeal
carcinoma. ASCO Annual Meeting Proceedings. J Clin Oncol 2004; 22: 557 

17 patients, only one local failure median fu 43 m. Late toxicities: radiographic 
temporal lobe changes (29%), one case of endocrine dysfunction, and one case of 
mandibular osteoradionecrosis



Skull base cordoma and condrosarcoma 
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Diagnosis Surgery R2 Postoperative CIRT 70.4 GYE (16 frs x4.4 GyE in 4 week)s 

Radioresistent tumors

Stacchiotti,  2015

Diagnosis Surgery R1 Postoperative PBT 74GyE (37 frs x 2Gy E in 7 week)s 
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 5-year Local control:70–100%, depending on histology, (median dose 
74 GyE) ; high grade toxicity effects: 0-6% 

Munzenrider JE, 1999, Catton 1996Noel G, 2011Mc Donald 2016

 A D1cm(3) ≥74.5 Gy (RBE) represents a proposed treatment planning 
objective

Mc Donald 2016

Skull base cordoma and condrosarcoma 



Adenoid cystic carcinoma
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 German experience (COSMIC trial): a shrinking fields technique. CIRT boost to the 
GTV plus margin followed by photons IMRT to a wider volume that always included 
perineural spread. CIRT is delivered in 8 fractions of 3 Gy [RBE] each for a total of 
24 Gy[RBE] with 5 or 6 fractions per week and was followed by 50 Gy of IMRT in 
fractions of 2 Gy.                                                                                          Jensen 2015

 Japanese experience: CIRT  as exclusive therapy. Shrinking fields were used and a 
dose per fractions of 3.6–4 Gy [RBE] is employed with 4 fractions per week. The 
wider target volume received 9 fractions and included areas at risk of microscopic 
spread, perineuraland submucosal spread (paranasal sinuses that were partially 
infiltrated by the tumor were entirely included). In smaller target volume received 7 
fractions and included GTV plus margins, and also perineural routes in cases of ACC 
at high risk of infiltration                                                                                 Mizoe JE 2012

Unresectable disease or macroscopic residual disease after surgery



Reirradiation (66-70. 2 GyRBE)
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Blanchard 2017
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Ongoing and planned trials

Leeman JE 2017



Patient selection strategies for PBT 
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Evidence based medicine: randomization of the study population
into photon and  proton treatment  (“all- or -none” question). 

Model based approach: to estimate the potential clinical benefit for protons
over photons in terms of reduction in normal tissue complication probability 
(NTCP) for each individual patient and assign the patient to PBT only if the 
reduction in toxicity is above a specified threshold (precision medicine).

Ramaekers, 2012
Blanchard 2017
Lagendjik 2013
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Randomised controlled trials (RCT): when dose escalation can be expected to 
improve tumor control. 

 RCT’s investigating the added value of protons compared to photons with 
regard to reduction of side effects, run the risk of being ethically compromised.

Lagendijk 2013
Bentzen 2012

Patient selection strategies for PBT 



MODELLI E STUDI
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Netherlands ‘ approach

Lagendijk 2013



MODELLI E STUDI
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Lagendijk 2013
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CONCLUSIONS
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 PT could  broaden the therapeutic window  for patients with HNC 

 Need of applying strategies to account for all  uncertainties : robust 
treatment planning techniques, multicriteria optimization, CT-based 
image guidance, adaptive proton therapy,etc.. 

 Need to define the optimal target  population for PT: RCTs vs model 
based approach (according to primary endpoint?)




