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Early stage-NSCLC 

Lung cancer is the most frequent cause of cancer related 
death in males and females. 

Distribution of estimated cancer 

deaths by sex, Canada 2015 

Distribution of estimated new cancer 

cases by sex, Canada 2015 



¹ Early Stage Non-Small Cell Lung Cancer (NSCLC) 

¸  15-20% of total cases 

¸ By TNM staging: IA or IB 

o Gold StandardΥ ά[ƻōŜŎǘƻƳȅέ Ƴǳǎǘ ōŜ ŎƻƴǎƛŘŜǊŜŘ ǘƘŜ 
surgical procedure of choice for patients with peripheral 
T1N0 NSCLC 

¹ Effective treatment 
 - Local control (65-90%) 
 - Overall survival 60-80% at 5 years 

¹ Patient selection 
 - proper staging  
 - adequate pulmonary function 
 - absent or controlled medical problems 

 

 

Early stage-NSCLC-Node Negative 



Early stage-NSCLC 
 

oMany early stage pts [up to 50%] potentially resectable but are 
medically inoperable 

¸ Co-morbidities preventing surgical resection: 

¸COPD, Cardio-vascular Disease 

o Poor performance status 
o In the USA: decline in the use of surgical resection from 75% to 
63% despite the increasing use of less invasive surgery (VATS).  

 
o Data from Amsterdam: this percentage drop under 40% for 
patients >75 years 

o 5ƻƛƴƎ άƴƻǘƘƛƴƎέ ƛǎ ƴƻǘ ƎƻƻŘ ƛƴ ƳŜŘƛŎŀƭƭȅ ƛƴƻǇŜǊŀōƭŜ 
patients 

 
 
 
 

1-Whitson BA. Ann Thorac Surg 2011;92:1943-50. 
2-Raz DJ. Chest 2007;132:193-9   
3-De Perrot M. Eur Respir J 1999;14:419-22.  



¹ For medically inoperable patients, conventional RT : 60-66 Gy in 2 
Gy-fractions over a time period of 6-7 weeks. Overall survival (OS) 
of about 30% at 3 years  

 

¹ Survival with  conventional  fractionated RT is historically poor 

¸ Overall survival with RT confounded by 

¹Patient co-morbidities (competing death causes) 

¹RT interacting with co-morbidities 

 

Early stage-NSCLC 



o Local tumor relapse being the most frequent site of failure 
 

o Introduction of SRT modeled after brain radiosurgery principles: 
   

1- Detterbeck FC. J Thorac Oncol 2008;3:781-92 
2- Rowell NP. Thorax 2001;56:628-38. .  

Early stage- Inoperable Patients 

o Stereotactic Body Radiotherapy (SBRT)   
 - Treat tumors with very high radiation doses 
 - RT doses are delivered in 3-5 fractions 
 - Abandon prophylactic treatment 
 - Achieve sharper dose fall-off gradients to normal    
   tissue 
 



High dose conformality  

ñtight around targetò 

Disruptive Technology 

Image guide precision have shaped  

SRT and SBRT 



Elements of SBRT 



Outline 

I- Medically inoperable ES-NSCLC: current results with 
SBRT 
II- Radiobiology of SBRT : direct and indirect effect 
 
-п όрύ wΩǎ ƻŦ ǊŀŘƛƻōƛƻƭƻƎȅ ŀƴŘ [ƛƴŜŀǊ vǳŀŘǊŀǘƛŎ ƳƻŘŜƭ 
for SBRT 
-Direct and indirect vascular damage 
 

-Indirect Effects on immune response 
 
V- Perspectives 
 
 
 



Outline 

I- Medically inoperable ES-NSCLC: current results with 
SBRT 
II- Radiobiology of SBRT : direct and indirect effect 
 
-п όрύ wΩǎ ƻŦ ǊŀŘƛƻōƛƻƭƻƎȅ ŀƴŘ [ƛƴŜŀǊ vǳŀŘǊŀǘƛŎ ƳƻŘŜƭ 
for SBRT 
-Direct and indirect vascular damage  

 
-Indirect Effects on immune response 

 
V- Perspectives 
 
 
 



ES-NSCLC-Ablative hypofractionation 

1- Onishi H. J Thorac Oncol 2007;2:S94ςS100. 
2- Olsen JR. Int J Radiat Oncol Biol Phys 2011;81:e299ς303. 
3- Zhang J. Int J Radiat Oncol Biol Phys 2011;81:e305ς16. 

 Biologically equivalent to 100 Gy10 or more are required to achieve 
high local control rates (1, 2).  
 
These doses are in excess of what is practical using conventionally 
fractionated treatment schemes. 
 
Optimal SABR dose is unknown, although a meta-analysis suggests 
that highest (>146 Gy10) BED fractionations may have lower OS than 
mediumςhigh (106ς146 Gy10) fractionations [3].  
 



Onishi H. J Thorac Oncol 2007;2:S94ςS100 

local control and 5 years survival 
rates were better with a BED of 
100 Gy or more compared with 
less than 100 Gy.  



ES-NSCLC management with SBRT  

Introduction of SBRT in elderly patients was associated 
 - Absolute increase of 16% in RT use 
 - Decline in the proportion of untreated patients and 
improvement  in OS (1).  
 
5-year overall survival of patients with stage I NSCLC treated with 
SBRT might be equivalent to surgery, even in operable patients   
 
Phase III studies (ROSEL, STARS, RTOG 1021) launched between 2008 
and 2011 and opened at 77 centres were closed for poor accrual.  
 
 
 
 

1- Palma D. J Clin Oncol 2010;28:5153ς9 
2- FJ Lagerwaard. Int J Radiat Oncol Biol Phys, 83 (2012), pp. 348ς353 



Reported 

Operable Stage I NSCLC- SABR trials  



ES-NSCLC management with SBRT  

 
Development of these protocols provided the radiation 
oncology community with valuable standards in quality-
assurance and for broad implementation of lung SBRT 
 
In the absence of RCT data, other forms of Comparative 
Effectiveness Research (CER) are crucial in guiding 
decision making  
 



Comparative effectiveness Research  
to Guide Clinical Practice 

Comparative effectiveness research  is to inform clinical practice  
 
5-year OS for stage I given SBRT is close to 60 %, might be 
equivalent to surgery, even in operable patients fit to undergo 
resection (1, 2) 
 
A propensity score-matched analysis using the SEER-Medicare 
database suggests that short-term mortality is improved with SBRT 
(<1%) compared with either lobectomy or sublobar resection 
(about 4%), and long-term survival did not differ (3).  
 
 
1- FJ Lagerwaard,  Int J Radiat Oncol Biol Phys, 83 (2012) 
2- H Onishi, Int J Radiat Oncol Biol Phys, 81 (2011) 
3- S Senthi,  Radiother Oncol, 106 (2013) 

 



Patterns of recurrence after SBRT 

Patterns of recurrence in RTOG 0236: the predominant 
pattern of recurrence: was regional and distant recurrence 
 
5-year primary tumor failure rate was 7% 
 
5-year local-regional failure rate was 38% 
 
5-year rate of distant failures: 31% 
  
 

 
 
  
 
  

Timmerman R. Int J Radiat Oncol BiolPhys 90:S30, 2014 
 



SBRT impact in ES-NSCLC 

Introduction of SBRT in elderly patients was associated  
 - Absolute increase of RT use by 16% 
 - Improvement of 5-year overall survival   
 - Propensity matched score analysis: survival of patients with 
  stage I given SBRT might be equivalent to surgery 
 

SBRT and Risk Adaptive Regimen:  
 - Adaptive dose and schedule based on tumor location 
 - No adaptive dosing based on T size 
 - No association between SBRT and Genetic Alteration such as:  
  EGFR, ALK, K-Ras 

The predominant patterns of recurrence is distant recurrence: 
20-30% 
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What are the questions for SBRT 

Does radiobiology apply at high-doses 
 - DNA repair, Tumor Hypoxia, Reoxygenation 

Fundamental difference in biology between conventional 
RT and SBRT? 
-primary mechanism of cell death in fractionated RT is 
mitotic cell death 
 

-Could the biological mechanism differ at high doses 
 

- Are conventional models are valid at high dose per 
fraction  
 



п όрύ wΩǎ ƻŦ /ƻƴǾŜƴǘƛƻƴŀƭ CǊŀŎǘƛƻƴŀǘŜŘ w¢ 

Å Redistribution (reassortment): sensitize tumors:  
 cell cycle progression into RT ςsensitive phase 
 
Å Repopulation and Repair 
 
Å Reoxygenation :  sensitize tumors 
 - Oxygenation of surviving hypoxic cells 
 
Å Radiosensitivity (5th R) 
-Intrinsic sensitivity of tumor: modeled by LQ 
 
 

 
 
 



SBRT and redistribution 



SBRT and redistribution 



SBRT and repopulation/redistribution 



Dose rate and DNA damage repair  

Cell killing decreases with 
decreasing dose rate 
 
DNA damage repair occur 
between and during fractions 
 
Effect increased with delivery 
time 
 
Effect can become important 
for SBRT   
 
  



Hypoxia can be chronic 

and/or acute  

 

Hypoxic cells are less 

sensitive to RT and cause 

of treatment failure 

 

Reoxygenation was shown 

to occur in animal model 

 

Evidence for reoxygenation 

in human are less direct 

 

 

Conventional RT and reoxygenation 



Tumor hypoxia at high doses 

OER values for cell death 

are relatively constant over 

a large dose range 



SBRT and reoygenation 

Interplay between dose , 

fractionation, hypoxia 

for SBRT treatment.  

 

Hypofractionation 

results in impaired LC of 

hypoxic tumors as it 

eliminates the possibility 

of reoxygenation  

 

Lindblom et al 2015  

Normal  

Hypoxia 



Carlson et al: in hypoxic situations (1)  
3 logs of cell kill lost up to single doses to 18-24 Gy  
Can be overcome with hypoxia dose boosting (2,3) 
 
Brown et al. (2010) evaluated the expected level of cell 
killing by different SBRT regimens 20 Gy x 3 was barely 
sufficient due to hypoxia (4) 
 
Clinical outcomes for NSCLC with SABR are good 
Indicative of mechanisms in addition to direct cell killing  
Anti-tumor immune responses, secondary effects from 
vascular damage  
 
 

Reoxygenation (hypoxia) and SABR  



Hypothetical cell death mechanisms after SBRT 

(1) Direct and indirect vascular damage 

Å Large fraction > 10 Gy may prohibit reoxygenation  
and increase hypoxic tumor cells (1) 

1- Clement JJ, Takanka N, Song CW. Radiology 1978;127:799-803. 

ÅInduction of endothelial-cell apoptosis 

ÅAlteration of angiogenic factors and cells in the 
microenvironment 



Vasculature ς important determinant of 
tumor radioresponse with SBRT? 

Tumors have marked resistance to single high dose radiation (15 Gy) when endothelial  

apoptosis is inhibited   

Science 2003 



 (2) Indirect effects: Cancer stem cells 
- Cancer stem cells are considered radioresistant (1) 
- Cancer stem cells identified in perivascular niche (2) 
- SBRT destroying endothelial cells may eradicate 
cancer stem cells 

  Hypothetical cell death mechanisms after SABR 

 
(3) Indirect Effects: Anti-tumor  immunity 
-{.w¢ Ƴŀȅ ǘǳǊƴ ǘƘŜ ǘǳƳƻǊ ƛƴǘƻ ŀƴ άimmunogenic hubέΥ 
priming systemic immune response 
- Clinical evidence SBRT contributes to antitumor 
immunologic response at a distant site (2) 




