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 Clinical case - presentation 

63 year old man 
3 months history of cough & dyspnoea 
 
past history 
right deafness (injury in childhood) 



T2N2M0 

 Clinical case – imaging & staging 



T2N2M0          adenocarcinoma* 

 Clinical case – imaging & staging 

*EGFR – wild type 
  ALK - fusion 
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contrast enhanced CT scan 
PET-CT scan 
nodal biopsy 
  EBUS (endobronchial ultrasound) 
  mediastinoscopy 
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Imaging of a moving target 

4D CT 

 CT for delineation of primary tumour 



Defining the extent of movement 

4D CT 
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mid-ventilation position 

Wolthaus et al 2006, Int J Rad Oncol Biol Phys, 65 (5), 1560–1571 
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 Respiratory induced tumour movement 

realistic lung tumour hysteresis in 2 dimensions 



 Capturing respiratory phase 

Real-time Position Management (RPM) system 

Cole et al 2013, Clin Oncol, 26, 67-80  



Huang et al 2010, Rad Oncol, 96, 48–54 
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Huang et al 2010, Rad Oncol, 96, 48–54 

 Capturing respiratory phase 

Systems for assessing respiration (lung phantom simulating patient) 
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 Measured tumour movement 

Respiratory induced lung tumour motion 

Tan et al 2015, Clin Oncol, 27, 197-204  
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CT for delineation of primary tumour 
Grills et al 2007 

35 patients with T1N0 adenoca 
wedge biopsy → lobectomy 

pathological tumour size correlated better  
with lung window tumour size 
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Imaging of a moving target 

4D CT 

 CT for delineation of primary tumour 
Average Intensity Projection - AIP 



Imaging of a moving target 

4D CT 

 CT for delineation of primary tumour 
Maximum Intensity Projection - MIP 



AIP	
average	intensity	projection	

MIP	
maximum	intensity	projection	



 3D & 4DCT  image acquisition 

Comparison of internal target volumes (ITV) 

Bradley et al 2006, Radiother Oncol; 81, 264–268 

20 patients, stage I NSCLC 

p=.0017 p=.01 
AIP 
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Radiotherapy to a moving target - gating 
active breathing control (ABC) 

 4D gated radiotherapy with ABC for NSCLC 

time 



Image guided radiotherapy (IGRT) 

Radiotherapy with ABC 
cone beam verification  
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Radiotherapy to a moving target - gating 
example 
 

 4D radiotherapy for non-small cell lung cancer 
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 Image guidance 

Planning 

Imaging for radiotherapy 

IGRT 

Diagnosis 
& staging 

Verification 

motion management 
image interpretation 



 Image guidance 



Planning	CT	scan	
13/08/2013	

Cone	beam	CT	scan	
1#	
02/09/2013	





 Image guidance during radiotherapy 

Imaging for RT verification 

Study 
Evaluation of cone beam CT (CBCT) as a diagnostic CT scan 
“correct image interpretation must precede RT verification” 



 CBCT as a diagnostic scan 

Imaging for RT verification 

apparent enlargement no. pts % 

tumour enlarging 41 
contiguous 
consolidation  

new 14 
enlarging 30 

total 85 34% 

Clarke, Curtis & Brada 2018 manuscript in prep 

changes in tumour or adjacent to it (250 pts)  

changes with potential need for volume adjustment 

>½  



 CBCT as a diagnostic scan 

Imaging for RT verification 

apparent enlargement no. pts % 

tumour enlarging 41 
contiguous 
consolidation  

new 14 
enlarging 30 

atelectasis new 6 
enlarging 14 

total 105 42% 

Clarke, Curtis & Brada 2018 manuscript in prep 

changes in tumour or adjacent to it (250 pts)  

changes with potential need for volume adjustment 



New	contiguous	consolidation	

Planning	CT	scan	
13/08/2013	

Cone	beam	CT	scan	
1#	
02/09/2013	



Planning	CT	scan	
27/10/2014	

Cone	beam	CT	scan	
1#	
10/11/2014	

Tumour	enlargement	



Planning	CT	scan	
18/06/2014	

Cone	beam	CT	scan	
4#	
03/07/2014	

Primary	
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 Image guidance in lung cancer radiotherapy 
CBCT – cone beam CT 

CBCT frequency 

CBCT  
RT fraction 

week 
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Higgins et al 2011 Int J Rad Oncol Biol Phys, 80 (5).1330–1337 

 Image guidance in lung cancer radiotherapy 

CBCT frequency and margin 

CBCT - cone beam CT 
ML - medio-lateral (L-R) 
CC - cranio-caudal 
AP - antero-posterior 
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 Image guided radiotherapy (IGRT) 

technical benefit 

clinical benefit 

•  quality assurance tool 
•  to reduce uncertainty of treatment delivery 

reduce CTV - PTV margin 

RISK 

IGRT  



 Image guided radiotherapy (IGRT) 

technical benefit 

clinical benefit 

improve poor accuracy 

•  quality assurance tool 
•  to reduce uncertainty of treatment delivery 

IGRT  



 Practical aspect of NSCLC radiotherapy 

immobilisation 
imaging for planning 

3D or 4D CT scan 
PET-CT 

target definition 
margins 
planning & dose constraints dose fractionation 

Preparation for treatment 





Continuous Hyperfractionated Accelerated RadioTherapy 
(CHART) 54Gy 36 fract’s in 12 days 

Conventional radiotherapy 60Gy 30 fract’s in 6 weeks 

Randomised trial of CHART  

 Dose escalation in radical RT of NSCLC 



Saunders et al 1999 Radiother Oncol, 52, 137-48 

Randomised trial of CHART - survival  

 Dose escalation in radical RT of NSCLC 



Conventional radiotherapy 66Gy 33 fract’s in 6+ weeks 

Continuous Hyperfractionated Accelerated RadioTherapy 
Weekend Less (CHARTWEL) 

 Dose escalation in radical RT of NSCLC 

Randomised trial of CHARTWELL  

Baumann et al 2011  Radiother Oncol 100; 76–85 



Baumann et al 2011  Radiother Oncol 100; 76–85 

 Dose escalation in radical RT of NSCLC 

Survival  Randomised trial of CHARTWELL  



 Dose escalation in radical RT of NSCLC 

Locoregional control  

Baumann et al 2011  Radiother Oncol 100; 76–85 

Randomised trial of CHARTWELL  



Phase I/II  

Locally advanced 
NSCLC 

increasing RT dose 
(related to normal lung DVH) 

 Improving lung cancer radiotherapy 

Radical radiotherapy – dose escalation 



1.  74Gy in 37 daily fractions in 7+ weeks 
2.  66Gy in 33 daily fractions in 6.5 weeks 
3.  64Gy in 32 daily fractions in 6+ weeks 
4.  60Gy in 30 daily fractions in 6 weeks 
5.  55Gy in 20 daily fractions in 4 weeks 
6.  60Gy in 36 fractions 3x/day in 12 days (CHART) 

 Stage IIIA (T2N2M0) NSCLC 

Radical radiotherapy dose fractionation  
-  stage IIIA NSCLC (without chemotherapy) 



randomise 

Radiotherapy 
74Gy 

Radiotherapy 
60Gy 

Radical radiotherapy – dose escalation 
RTOG 0617 

Cetuximab 

& Carbo + Paclitaxel 

No Cetuximab 

 Dose response in non-small cell lung cancer (NSCLC) 

Locally advanced 
NSCLC 

Bradley et al 2015, Lancet Oncol; 16, 187-99 



Radical radiotherapy – dose escalation 

 Dose escalation in locally advanced NSCLC 
Bradley et al 2015, Lancet Oncol; 16, 187-99 

60 Gy 

74 Gy 

RTOG 0617 

survival 



   55Gy 20 fract’s in 4 weeks 

Conventional radiotherapy 60Gy 30 fract’s in 6 weeks 

Hypofractionated radiotherapy 

 Altered dose fractionation in radical RT of NSCLC 

Accelerated hypofractionated 
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 OAR dose constraints for NSCLC radiotherapy  

organ at risk constraint risk 
spinal cord Dmax	≤	50Gy	 ≤ 2% myelopathy 

brachial plexus Dmax	≤	60Gy	 ≤ 5% nerve damage 

lung (total - GTV) V20	Gy	≤	35%	 ≤ 20% pneumonitis 

oesophagus D1cc ≤ 60 Gy  

Mandatory dose constraints (for 2Gy/fraction) 

   60Gy 30 fract’s in 6 weeks Conventional RT  
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Auperin et al 2010 J Clin Oncol 28, 1-10 

5% 

Survival 

 Chemoradiotherapy in locally advanced NSCLC 

Concomitant vs sequential chemoradiotherapy - meta-analysis 



1 month 

Survival 

Auperin et al 2010 J Clin Oncol 28, 1-10 

 Chemoradiotherapy in locally advanced NSCLC 

Concomitant vs sequential chemoradiotherapy - meta-analysis 



 Sequential vs concomitant chemotherapy in stage III NSCLC 
Curran et al 2011 J Natl Cancer Inst; 103: 1452-1460 

RTOG 9140 study - toxicity 
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oesophageal toxicity (≥ grade 3)  
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Palma et al 2013, Int J Radiation Oncol Biol Phys, 85, 444-450 

Concomitant chemoradiotherapy and risk of pneumonitis 
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 Combined modality therapy in locally advanced NSCLC 

individual patient data meta-analysis (nonrandomised) 


