
La tossicità correlata al trattamento nei tumori del distretto 
cervico-cefalico:  

Tra moderna radioterapia e terapie integrate di supporto 

Rosario Mazzola, MD 
 

Radiation Oncology Department 
Sacro Cuore Don Calabria Hospital, Negrar-Verona, Italy 
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  Come da nuova regolamentazione della Commissione Nazionale per la Formazione Continua del  Ministero della Salute, è richiesta la 
trasparenza delle fonti di finanziamento e dei rapporti con soggetti portatori di interessi commerciali in campo sanitario.  

•   Posizione di dipendente in aziende con interessi commerciali in campo sanitario (NIENTE DA DICHIARARE) 

•   Consulenza ad aziende con interessi commerciali in campo sanitario (NIENTE DA DICHIARARE) 

•   Fondi per la ricerca da aziende con interessi commerciali in campo sanitario (NIENTE DA DICHIARARE) 

•   Partecipazione ad Advisory Board (NIENTE DA DICHIARARE) 

•    Titolarietà di brevetti in compartecipazione ad aziende con interessi commerciali in campo sanitario (NIENTE DA 

DICHIARARE) 

•   Partecipazioni azionarie in aziende con interessi commerciali in campo sanitario (NIENTE DA DICHIARARE) 
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Treatment for HNC is highly complex:  
 
•  Variety of  disease subsites  

•  Intricate anatomy  

•   Normal and tumoral structures often in close 
proximity 

Xerostomia and Swallowing Disfunction are the main causes of  
decreased quality of  life after radiotherapy for head and neck 

cancer 

Head and Neck Cancer RT:  
Criticisms 

  



2-Dimensional RT 
 

Rx to Target defining 
No accurate dose distribution  

Set-up uncertainces( Rx ) 
High toxicity (huge portals) 

3D-conformal RT 
 

3D conformal RT on CT slices 
Possibility to > doses and LC 

 Better set-up checking ( EPID ) 
 < Toxicity (Field conformation) 

IMRT 
Inverse planning systems 
�concave shaped sculped�� 

 Possibility to > doses and LC 
 Better set-up checking (CBCT) 

< Toxicity (ripid gradient of  dose) 

PREDICTIVE FACTORS  
OF TOXICITY 

PERSONALIZED RADIATION ONCOLOGY   
IN HEAD AND NECK CANCER 

Head and Neck Cancer RT:  
A continuous changing 
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 Reducing Radiation-Induced Morbidity Improves Health-Related Quality of  Life 

Organ-sparing Radiotherapy in Head and Neck Cancer 

Vergeer et al. IJROBP, 2009 



Critical issues: 
•  Conformal dose distribution around the targets 

•  Plans with large dose inhomogeneities  
•  Very tedious and time-consuming process 

Eisbruch et al. IJROBP, 1996  

Organ-sparing Radiotherapy in Head and Neck Cancer:  
Parotid Glands  

  



Nutting et al. Lancet Oncol, 2011 

Organ-sparing Radiotherapy in Head and Neck Cancer:  
Parotid Glands  

  



Sanguineti G et al. IJROBP, 2009 

The risk of  ipsilateral subclinical neck nodal 
involvement for early T-stage/node-positive 

oropharyngeal squamous cell carcinoma 
according to involvement of  other levels: 

pathologic involvement of  (a) Level II, (b) Level 
III, (c) Levels II and III, and (d) Levels II-IV  

 
 

Levels IB and V are at very low (<5%) 
risk of  involvement, even with ipsilateral 

to pathologically proven neck disease 
 

Organ-sparing Radiotherapy in Head and Neck Cancer:  
Submandibular Glands  

  



Robin et al. Head & Neck, 2015 

Organ-sparing Radiotherapy in Head and Neck Cancer:  
Submandibular Glands  

  



Level IB nodal involvement in oropharyngeal carcinoma: Implications for submandibular 
gland�sparing intensity�modulated radiotherapy 

Yu et al. The Laryngoscope, 2015 

Submandibular gland sparing IMRT can 
reasonably be offered to appropriately selected 

patients. 

Organ-sparing Radiotherapy in Head and Neck Cancer:  
Submandibular Glands  

  



Dirix et al. Lancet Oncology, 2010 

Organ-sparing Radiotherapy in Head and Neck Cancer:  
Submandibular Glands 

  



Radiation damage to the Pharyngeal Constrictors and 
the glottic/supraglottic larynx were implicated 

in post-radiotherapy dysphagia and aspiration 

IMRT can reduce the volumes of  these structures receiving high doses 

Organ-sparing Radiotherapy in Head and Neck Cancer:  
Swallowing structures 

  

Eisbruch et al. IJROBP, 2004 



Organ-sparing Radiotherapy in Head and Neck Cancer:  
Swallowing structures 

  

Mazzola R et al. BJR, 2014  



Organ-sparing Radiotherapy in Head and Neck Cancer:  
Swallowing structures 

  

"  Superior Constrictor  
"  Middle Constrictor  
"  Inferior Constrictor  
"  Cricopharyngeus  
"  Esophagus inlet muscles  
"  Cervical esophagus  
"  Base of  tongue  
"  Supraglottic  
"  Glottic larynx  

Cristianen et al. Radiother Oncol, 2011  
 



Limiting the radiation dose to the crucial swallowing structures is expected to decrease the incidence and severity of  radiation-
induced dysphagia 

Organ-sparing Radiotherapy in Head and Neck Cancer:  
Swallowing structures 

  



Organ-sparing Radiotherapy in Head and Neck Cancer:  
Geographical Missing 

  



In HNC treated with IMRT it is important that all relevant normal structures at risk are delineated 
to predict potential complications and that the available radiation-dose constraints are possibly respected 

Sparing the contralateral parotid gland should be attempted  
Ipsilateral parotid gland has low priority, especially if  level II lymph-node metastases are present 

The submandibular glands play a role in the pathogenesis of  xerostomia, but sparing them should not be 
undertaken outside clinical trials 

To prevent late dysphagia, the best approach consists of  reducing the doses to the pharyngeal constrictor 
muscles and the larynx as much as possible, although avoidance of  target under-dosing remains the 

highest priority 

Organ-sparing Radiotherapy in Head and Neck Cancer:  
Take Home Message 
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Which Intensity Modulated Technique? 
PRO-IMRT 

  



Which Intensity Modulated Technique? 
PRO-Rotational intensity modulated 

  

Broggi et al. Physica Medica, 2014 



Which Intensity Modulated Technique? 
PRO-Rotational intensity modulated 

  



IMRT with its static beam directions might be advantageous in cases where steep dose gradients or 
highly intensity-modulated beam intensities are required in preferred directions 

 
 

Rotational Techniques, particularly VMAT, has been rapidly adopted by the radiotherapy community 
due primarily to its delivery speed and monitor unit efficiency 

 
 
  
 

Which Intensity Modulated Technique? 
Take Home Message 

  



Hoover et al. Medical Physics, 2015 

Which Intensity Modulated Technique? 
Take Home Message 
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Image-Guided Radiotherapy 
Background 

  

Dawson et al. Lancet Oncology, 2010 



Adaptive radiotherapy (ART) could be applied to reduce dose to OARs and 
eventually to improve quality of  life.  

ART is a formal approach to correct for daily tumour and normal tissue 
variations through streamlined online or offline modification of  original 

target volumes and plans. 
Implementation of  ART is challenging both from clinical and logistic points of  

view and generally requires many resources.  
Clear guidelines are needed on the timing of  rescanning and replanning 

Image-Guided Radiotherapy 
Background 

  



Brouwer et al. Radiother Oncol, 2015 

Parotid volume loss vs. patient�s weight loss (22 studies) 
Parotid volume loss vs. planned parotid mean dose (20 studies) 
Parotid mean dose increase (repeat CT – plan CT) vs. weight loss (16 

studies) 
Parotid mean dose increase (repeat CT – plan CT) vs. parotid volume loss 

(23 studies) during radiotherapy 

Image-Guided Radiotherapy 
Parotid Glands and Xerostomia 

  



There is a need for larger prospective studies including assessment of  anatomic and dosimetric changes 
and to identify possible relationships between these changes and outcome 

A number of  potential selection criteria for anatomic and dosimetric changes were identified that could be 
included in well-designed and well-powered studies on anatomic and dosimetric changes during 

radiotherapy 

Image-Guided Radiotherapy 
Take Home Message 
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Dijkema et al. IJROBP, 2010 

Mean parotid gland doses of  25–30 Gy 
correspond to 17–26% complication 

probability 1 year after RT 

At a mean dose of  39.9 Gy, there is a 50% 
probability of  parotid gland flow reduction 

to < 25% of  the pre-RT flow rate 

Predictive Factors of  Toxicity:  
Xerostomia 

  



High risk group:  
Positive lymph nodes  

Oropharynx and Nasopharynx cancers  
Bilateral Irradiation 

•  High risk group more xerostomia 
 
•   Between 6 and 24 months after treatment, 
significant recovery was observed in both groups 
 
•  In low risk group, moderate-to-severe xerostomia 
after 12 months was less than 20% 

I. Beetz et al. Acta Oncologica, 2014 

Predictive Factors of  Toxicity:  
Xerostomia 

  



 Elderly patients are more vulnerable to xerostomia due to their reduced secretory reserve 

The probable cause is that radiation-induced salivary dysfunction results from the loss of  
parotid gland stem cells and that the number of  stem cells decreases with age 

I. Beetz et al. Acta Oncologica, 2014 

Influence of  age on recovery of  xerostomia 

Predictive Factors of  Toxicity:  
Xerostomia 

  



Factors related to RT: 
 
•  Site of  disease (especially Oral Cavity and Oropharynx) 
•  Treated volume 
•  Total dose and Fractionation 
•  Overall treatment time 
•  Chemotherapy 

* Dorr W et al. Int J Radiat Oncol Biol Phys, 2002 
  Trotti A et al. Radiother Oncol, 2003 
 

Prevalence of  grade 3 oral mucositis (A) and grade 3 dysphagia (B) during and up to 8 
weeks after Chemo-RT  

Observer-assessed acute swallowing symptoms 
(such as burning, dysphagia, and pain) are 
surrogate of  pharyngeal mucositis extension 

Bhide et al. Radiother Oncol, 2010 

Predictive Factors of  Toxicity:  
Mucositis 

  



* Dorr W et al. Int J Radiat Oncol Biol Phys, 2002 
  Trotti A et al. Radiother Oncol, 2003 
 

Predictive Factors of  Toxicity:  
Mucositis 

  



Mucosa-sparing dose constraints Predictors of  Mucositis ≥ G2 
(RTOG/EORTC) 

Predictive Factors of  Toxicity:  
Mucositis 

  

Mazzola R et al. Head Neck, 2015 



Variable! P-value! (95% CI)! Odds Ratio! % Risk !

Concomitant 
Chemotherapy!

0.006! 0.1 - 1.2! 5! 50 %!

Total OM:  
Dmean  ≥ 50 and 
Dmax ≥ 65!

0.02 - 0.04  ! 0.1 - 1.3! 3.75! 38 - 40%!

Ratio total OM/
OM out of PTVs: 
≥ 2.5!

0.03! 0.8 - 1.8! 2.6! 35%!

OM out of PTVs:  
V45 > 40, V50 > 
30, V55>20!

0.04 - 0.009 - 
0.003!

0.5 - 2.3! 4.85! 8 -22%!

Abbreviations: OM=Oral Mucosa; CI=confidence interval; PTVs=planning target volumes; Dmean=mean dose; Dmax=maximum 
dose;V45=volume % of oral mucosa exposed to at least 45 Gy; V50=volume % of oral mucosa exposed to at least 50 Gy; V55=volume 
% of oral mucosa exposed to at least 55 Gy!

Risk of  grade ≥ 2 Mucositis according to EORTC/RTOG scale  

Mazzola R et al. Head Neck, 2015 

Predictive Factors of  Toxicity:  
Mucositis 

  



Cristianen et al. Radiother Oncol, 2015 

Predictive Factors of  Toxicity:  
Late swallowing disorders 

  



Predictive Factors of  Toxicity:  
Late swallowing disorders 

  

"  Severe persistent swallowing dysfunction (Grade ≥ 2; 6-24 months): high dose to the upper 
pharyngeal, laryngeal and lower pharyngeal region  

" Transient (Grade ≥ 2; recovering during follow up): high dose to the laryngeal and lower 
pharyngeal regions 

" Progressive pattern (Grade < 2; progressing during follow up): after moderate dose to the upper 
pharyngeal region 

Cristianen et al. Radiother Oncol, 2015 



It is crucial to identify patients at risk of  toxicity that could benefit promptly 
of  appropriate Supportive Care 

Predictive Factors of  Toxicity:  
Take Home Message 
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Supportive Care:  
Multidisciplinary Management 

  



Supportive Care:  
Painful Mucositis 

  



Tapentadol Prolonged Release 

Responders 30%: 86.7% 
Responders 50%: 76.7%  

NRS Scale: 
Basal: 4.8 ± 1.21 
Final: 1.33 ± 2.07 (P<0.01) 

Average daily pain intensity (NRS scale)  

Mazzola R. et al. Under Review 

Supportive Care:  
Painful Mucositis 

  



Responders 30%: 86.7% 
Responders 50%: 73.3% 
  

NRS Scale: 
Basal: 4.77 ± 1.36 
Final: 1.33 ± 2.02 (P<0.01) 

Pain during swallowing (NRS scale)  

Mazzola R. et al. Under Review 

Supportive Care:  
Painful Mucositis 

  
Tapentadol Prolonged Release 
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Gregoire et al. J Clin Oncol. 2015  

Future Advances:  
A New Era? 

  



Future Advances:  
New Tracers? 

  

Bentzen et al, 2011 



Deformably aligned parotid contours overlaid onto 
baseline (a) CT, (b) PET images and post-treatment 

(c) CT, (d) PET images. 

Baseline CT and PET images  

Post-RT CT and PET images  

Cannon et al. IJROBP, 2012 

Future Advances:  
Imaging? 

  



Example of  a possible normal tissue complication probability 
(NTCP) model with the risk of  a given complication (NTCP in %) 
as a function of  radiation dose (in this case the mean dose) 

Van de Water et al. The Oncologist, 2011 

Future Advances:  
Protons? 

  



 Pedicini et al,  Clin Transl Oncol 2013 

Future Advances:  
Gene Profile? 

  



 Ghazali et al. Oral Oncology, 2012 

Future Advances:  
Gene Profile? 

  



THANKS FOR ATTENTION! 

Waiting for new horizons to follow… 
 
 

Conclusion 


