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Role of radiotherapy in HNC 

 

• 75% HNC patients benefit from RT 

 

 Post-operative 

 

 Definitive 

 

 Palliative 

 
Barton MB et al Radiother Oncol, 2014 



Progress over 30 years   

• Improved locoregional control & overall 
survival probability 

– LRC 27% to 80% over 30 years1 

• Reduction in long term adverse effects2 

• Superior QoL & patient reported 
outcomes3 

• Transition from primary surgery to 
function preserving RT (pharyngolaryngeal 

disease)4 

 
1Overgaard J JAMA, 2014 

2Langendijk JA et al JCO, 2008 
3O’Sullivan B et al Clin Oncol, 2012 

4Gregoire V et al JCO, 2015 



Advances 

• Treatment intensification 

• Treatment-related morbidity 

• Radiotherapy delivery & image 
guidance 

• Post-therapy assessment 

• Biologic insights & de-escalation 
strategies 

• Radiotherapy quality assurance 

• Contouring consensus guidelines 

 

 

 

 



Future advances 

• Molecular imaging to identify tumour     
sub-volumes that may be targeted 
through dose escalation or targeted 
agent (dose painting) 

• Adaption tracking of tumour or 
patient changes during treatment 
(MRI-Linac) 

• Improved dose distribution (protons 
and heavy particle therapy) 

• Concomitant immunotherapy 

 

 



Role of radiotherapy in HNC 

 

• Post-operative 

 

• Definitive 

 

• Palliative 



TREATMENT 
INTENSIFICATION 



Meta-analysis conventional vs 
altered fractionation (MARCH) 

• 15 randomised trials comparing 
conventional RT vs altered 
fractionation RT (6515 pts) 

 

• Significant benefit in favour of 
altered fractionation at 5 years 

–Absolute survival benefit of 3.4%  

–Absolute locoregional control 
benefit of 6.4% 

Bourhis J et al Lancet, 2006 



Conventional RT vs Hyperfractionation 

Overall Survival 
Progression Free 
Survival 

MARCH; updated meta-analysis 
Lacas B et al Lancet Oncol, 2017 



Meta-analysis chemo-RT vs RT  

Phase III HNSCC Trials from 1965 

*Relative to Conventional Local-Regional Therapy 

Therapy Modality P Absolute benefit 
at 5 years*  

Risk 
Reduction* 

All (N=17,493) 

    Adjuvant 

    Neoadjuvant 

    Concurrent 

       

< 0.0001 

NS 

NS 

< 0.0001 

4.1 % 

2.3 % 

2.2 % 

6.9 % 

10 % 

2 % 

5 % 

19 % 

 

Pignon & Bourhis Lancet, 2000  



Altered fractionation vs 
chemo-RT 

MARCH; updated meta-analysis 
Lacas B et al Lancet Oncol, 2017 



Bonner et al J NEJM, 2006  



Treatment Intensification 

Efficacy 
Outcome 

RT CETUX-RT p-value 

LRC  
   median 

(mo) 

 
14.9  

 
24.4 

 
0.005 

PFS  
  median 

(mo) 

 
12.4 

 
17.1 

 
0.006 

OS 
  median 

(mo) 

 
29.3 

 
49.0 

 
0.03 

Bonner et al J NEJM, 2006  



Treatment Intensification 

No increase in in-field toxicity 

Bonner et al J NEJM, 2006  



TREATMENT-RELATED 
ADVERSE EFFECTS 



Treatment related adverse 
effects 

       15     RTOG 1016 

 
 

Figure from Trotti 2007 
 

RTOG 1016 will utilize accelerated radiation in both arms (70 Gy in 6 weeks, 6 
fractions/week, weeks 2-6),and will compare cetuximab versus cisplatin. Since cetuximab 
has an overall lower toxicity profile, and events are generally concentrated in one organ 
(skin), we estimate relative T-scores to be in the range of 200 for the cetuximab arm and 
approximately 400 for the cisplatin arm. This would indicate an approximate 2-fold difference 
in toxicity burden. Acute toxicity burden is the major focus for testing this alternative method 
of treatment and is the main endpoint for the toxicity hypothesis. There is no widely accepted 
or common summary metric for this global measure. Relative T-values should be useful in 
quantitatively assessing differences in overall acute adverse event profiles and toxicity 
burden.  

1.5.8.4 Estimated Differences in Late Toxicity 
Late toxicity rates of interest from the RTOG 0522 oropharynx cohort (N=270; median follow 
up of 1.9 years) were examined. Late toxicity was not reported by the Bonner study.  
Detectable reductions of > 50% are anticipated in 4 specific late effects items: auditory, 
hemoglobin, pain, and peripheral sensory neuropathy.  Each of these late effects are likely 
related to cisplatin toxicities. Potential differences in swallowing function, fibrosis, and other 
late effects are discussed in Section 1.5.8.1 above. 

1.5.8.5 Early Deaths 
Deaths due to toxicity or within 30 days of completing radiation were not reported in the 
Bonner study (it is assumed in the current study that there will be no toxic deaths from 
cetuximab). There is, however, some risk of severe allergic reaction to cetuximab. In RTOG 
0522, grade 3-4 hypersensitivity occurred in 2.2% of oropharynx patients treated with IMRT 
on the cetuximab arm. In the RTOG 0522 oropharynx cohort (N=278), 6 patients (2.2%) died 
from toxicity or within 30 days of completing treatment (2 patients died of treatment-related 
causes and 4 additional patients died within 30 days of treatment from other causes). This is 
consistent with the experience for a similar patient population treated with the same regimen 
(accelerated fractionation with concurrent cisplatin, but non-IMRT) on RTOG 0129 (2.8%). 

Trotti A et al Lancet Oncol, 2007  



Treatment related adverse effects 
Analysis of 230 patients receiving CRT in 3 studies   

(RTOG 91-11, 97-03, 99-14) 

10% 12% 

27% 

13% 

43% 

0 

10 

20 

30 

40 

50 

P
a
ti

e
n

ts
 (

%
) 

Any severe  

late toxicity 

Feeding-tube 

dependence 

>2 yrs post-RT 

Pharyngeal 

dysfunction 

Laryngeal 

dysfunction 

Death 

Machtay M et al J Clin Oncol, 2008 



Treatment related adverse 
effects 

T4N2M0 Nasopharyngeal carcinoma (2008) 
Concurrent chemotherapy + IMRT (70Gy) 



RADIOTHERAPY DELIVERY & 
IMAGE GUIDANCE 
 



Radiotherapy delivery 

• 2 Dimensional 



Radiotherapy delivery 

3D CT IMRT Dynamic IMRT 



Dose Volume Histogram 

VMAT 

IMRT 

3D CT 

Oral Cavity 



Conventional 

radiotherapy (CRT) 

Head and neck cancer patients 

at risk of radiation induced xerostomia 

(oropharynx/hypopharynx) 

Randomisation 1:1 

Parotid-sparing IMRT 
(Contralateral Parotid Mean dose <24Gy) 

PARSPORT Trial Design 

65Gy/30 fractions in 6 weeks - radical and post-operative R1/R2 

60Gy/30 fractions in 6 weeks - post-operative R0 

Nutting CM et al Lancet Oncol, 2011 



LENT SOMA Subjective Xerostomia rates 

p=0.004 

74 

39 

3 6 12 

Months post treatment 

Percentage 

≥G2 

n=

34 

n=

38 

p=0.04 p=0.01 

83 
86 

62 
60 
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36 
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45 
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40 
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45 
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29 
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Nutting CM et al Lancet Oncol, 2011 



Improved tumour 
delineation 

Molecular imaging (FDG PET) - structural imaging (CT/MRI) 



Image guided radiotherapy 

Cone beam CT (CBCT) 

• Efficient in-room 3D 
treatment verification 

• Assess and account for 
translation and rotation 

• Ability to match to 
predefined region and 
correct around a point of 
interest 

• Monitoring of anatomical 
change during treatment 

• Use for adaptive 
radiotherapy 

Volumetric Modulated  
Arc Therapy Delivery 

Linac with CBCT 

Week 5 CBCT image 



POST-THERAPY ASSESSMENT 
 



PET in the post-therapy assessment of 
residual nodes 

Negative Predictive Value 
12-16 week restaging PET 
95-97%  

Yao et al IJROBP 2005  
Porceddu SV et al HN 2005 

 

 
Brisbane PET Protocol Study  
Post-therapy PET guided management of 
the neck 
 regardless of the presence of residual 

nodal abnormality  

 
2 year total nodal failures 3.5% 
 median residual node 1.5cm (1.0-4.0cm) 

 
Safe to observe neck if residual nodal 
abnormality is PET negative 

 
Porceddu SV et al Head Neck 2011 

 

 

 

12 week  
post-therapy PET 

Pre-treatment  
PET 





Overall survival   

No difference in locoregional control or overall survival  in patients 
undergoing PET-directed management vs planned neck dissection  

following chemo-RT 

Mehanna H et al NEJM, 2016 



CONTOURING CONSENSUS 
GUIDELINES 



Gregoire V et al Radiother Oncol, 2014 



Brouwer CL et al Radiother Oncol, 2015 



Gregoire V et al Radiother Oncol, 2018 



BIOLOGIC INSIGHTS &  
DE-ESCALATION STRATEGIES 
 





No difference in OS or PFS 

• Accrued 743 patients 
• Oropharyngeal 433 

• Specimens: 317 



RTOG 0129 

 



RTOG 0129 

KK Ang et al NEJM, 2010 



Biologic differences OPC based on HPV 
status 

Adapted from Dillon & Harrington JCO, 2015 



Rising incidence of HPV+ 
OPC 

Larsen P Radiother Oncol, 2010 



De-escalation strategies 

• Substitute biologic agent for cytotoxic 
chemotherapy 

• Omit or reduce chemotherapy  

• Reduce radiation dose  

• Use induction chemotherapy to select 
responders and then reduce radiation 
dose 

• Surgical excision and stratify further 
treatment based on pathologic findings 

Pending de-escalation 
studies  



RADIOTHERAPY QUALITY 
ASSURANCE 
 





Overall Survival TROG 
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Survival based on RT 
Quality  

Peters LJ et al JCO, 2010 

20% survival difference 



HEAVY PARTICLE RADIATION 
THERAPY 
 
PROTON THERAPY 
 



Proton Therapy Unit 

• Heavy-particle 
radiation therapy 

• Differing physical 
properties to 
photons 

 

Clinical implications 
• Less integral dose 
• Negligible dose beyond the Bragg Peak 

 
Re-treatment following previous RT 
Salivary gland tumours 



ChemoRT/checkpoint inhibitor trials  

 
  Eligible Drug Arm 1 Arm 2 Endpoint 

JAVELIN 100 

(Pfizer) 

Locally advanced head and 

neck cancer 

 

Avelumab 
Avelumab + Cisplatin 

chemoradiation 

Placebo + Cisplatin 

chemoradiation 
PFS 

KEYNOTE 412 

(Merck) 

Locally advanced head and 

neck cancer 
Pembrolizumab 

Pembrolizumab + Cisplatin 

chemoradiation 

Placebo + Cisplatin 

chemoradiation 
EFS 

NCT03349710 

(Bristol-

MyersSquibb) 

Locally advanced head and 

neck cancer 
Nivolumab 

Nivolumab + 

Cetuximab/Cisplatin + 

radiation 

Placebo + 

Cetuximab/Cisplatin + 

radiation 

EFS 

NCT03452137 

(Roche) 

Locally advanced head and 

neck cancer 
Atezolizumab 

Standard definitive local 

therapy (multi-modality) 

followed by adjuvant 

atezolizumab 

Standard definitive local 

therapy (multi-modality) 

followed by placebo 

EFS 



Concluding remarks 

• Substantial improvement in locoregional 
control, modest improvement in survival & 
an overall  reduction in toxicity with 
radiotherapy due to 
 
– role of concomitant chemotherapy 
– improved technologies & techniques (IMRT) 

– improved quality assurance of planning & 
delivery  

– image guidecancer 
– universally accepted contouring guidelines 


