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Vansteenkiste,	J.	et	al.	2014.	–	2nd	ESMO	Consensus	Conference	on	
Lung	Cancer	-	Annals	of	Oncology	

SABR as a standard of care for early stage, 
medically inoperable: ESMO 



SABR as a standard of care for early stage, 
medically inoperable: NCCN 

NCCN Guidelines Version 4.2017 	



SABR in Stage I NSCLC: phase II studies 

[Loo et al, Discovery Medicine 2011] 
UNIVERSITA� DEGLI STUDI DI TORINO 



Mono-institutional largest study,  
with/without histological diagnosis 

UNIVERSITA� DEGLI STUDI DI TORINO 

[Senthi et al, Lancet Oncol 2012] 

676 patients 
 
Median follow-up time: 
32.9 months 

German Society for Radiation Oncology 
(DEGRO) Observational Multicentric Study 

OS @3 years 47.1%  

[Guckenberger et al, JTO 2013] 

SABR in stage I histologically 
proven NSCLC:  

an Italian multicenter 
observational study 
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FREEDOM FROM LOCAL RECURRENCE 
% 1 year: 96.7 % 2 years: 90.9 % 3 years: 89.7 

FREEDOM FROM NODAL RECURRENCE 
% 1 year: 91.9 % 2 years: 89.0 % 3 years: 85.5 

FREEDOM FROM DISTANT RECURRENCE 
% 1 year: 90.4 % 2 years: 80.4 % 3 years: 75.9 

DISEASE FREE SURVIVAL 
% 1 year: 82.9 % 2 years: 70.2 % 3 years: 65.5 

CANCER SPECIFIC SURVIVAL 
% 1 year: 97.2 % 2 years: 88.9 % 3 years: 82.1 

OVERALL SURVIVAL 
% 1 year: 94.0 % 2 years: 81.6 % 3 years: 68.0 
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Reference Study type N° of 
patients 

Region % biopsy Overall Survival 

Haasbeek Population registry 1570 Netherlands 72 50% (2 yrs) 

Ricardi Retrospective 196 Italy 100 68% (3 yrs) 

Guckenberger Retrospective 591 Central 
Europe 

85  47% (3 yrs) 

Grills Retrospective 505 United States 
Canada 
Netherlands 
Germany 

87-95 
72 
41 
70 

48% (3 yrs) 

Onishi Retrospective 2278 Japan 73 91% (2 yrs) 

Senthi Retrospective 676 Amsterdam 35 41 mo (md) 

Baumann Prospective 57 Sweden 
Denmark 
Norway 

67 60% (3 yrs) 

Timmerman Prospective 55 North America 100 56% (3 yrs) 

Studies demonstrating the variable rates of pathologic 
confirmation worldwide prior to SABR 

[Louie et al, R&O 2015] 



Local Regional Distant 

Actuarial 2-year rates 4.9% 7.8% 14.7% 

Actuarial 5-year rates 10.5% 12.7% 19.9% 

•  Stage I-II NSCLC (2003-2011); median follow-up 32.9 months (IQR 14.9 - 50.9);  
•  66% of recurrences were distant (DR); isolated DR made up 46% of recurrences  

Median time to event 

Local recurrence 14.9 months (95% CI  11.4-18.4) 

Regional recurrence 13.1 months (95% CI  7.9-18.3) 

Distant recurrence 9.6 months (95% CI  6.8-12.4) 

2nd primary tumors 18 months (95% CI  12.5-23.5) 

Pattern of failure following SBRT 



SABR outcomes in central tumors 
Timmerman R, JCO 2006 
 
Used SABR dose of 60/66 Gy in three fractions  
 
“Scheme should not be used for tumors near the central airways due to 
excessive toxicity” 
 
Systematic review of SABR in central tumors 
 
20 publications: 563 patients (315 early stage NSCLC) 
 
Local control rates > 85% when prescription dose  
(BED10) > 100 Gy 
 
Treatment related mortality 2.7% overall vs 1% when normal tissue dose 
(BED3) < 210 Gy 
 
Grade 3-4 toxicities appear commoner following SABR in central tumors, but 
occurred in less than 9% of patients 

[Senthi et al, R&O 2013] 



Central and Ultra-central lesions 

•  Central Lesions 

•  Ultra-Central Lesions 

RTOG 0813 trial à to establish the safest dose that can be delivered in 5 fractions 
for central lesions  
à Preliminary data reported that patients treated with the highest dose level (60 
Gy in 5 fractions) had a 23 % rate of grade 3–5 toxicity 

[Bezjak et al, IJROBP 2016] 



SABR in operable patients 

[Onishi et al, IJROBP 2011] 



SABR VS Surgery in Early Stage NSCLC: RCTs 

ROSEL 
Collaborators: The Netherlands Organisation 
for Health  Research end Development; 9 
dutch centers (2008); terminated in 2010: 
recruited 22/960 patients 

STARS Collaborators: Accuray©; 15 centers (2009); 
terminated in 2013: recruited 36/1030 
patients 

ACOSOG 
Collaborators: American College of 
Surgeons; 53 centers (2011); terminated 
in 2013: recruited 10/420 patients 



CER studies comparing surgery versus SABR in stage I NSCLC 

Study Study design N° of 
patients 

Surgical 
procedure 

Overall Survival 
 

Surgery       SABR 

Conclusions/ 
comments 

Crabtree Propensity-score 
matching 

Unmatched: 
surgey=458 
SABR= 151 
matched: 
112/group 

(Bi)lobectomy, 
78% sublobar, 
19% 
pneumonectomy, 
4% 

78%               47% 
3 yrs              3 yrs 
 
 
68%               52% 
3 yrs              3 yrs 

Althoug surgical resesction 
seems to result in better OS 
versus SABR, matching these 
patients remains challenging 
 

Matsuo Propensity-score 
matching 
 

Unmatched: 
surgey=65 
SABR= 115 
matched: 53/
group 
 

Sublobar resection 56%               40% 
5 yrs               5 yrs 

SABR is an alternative to 
sublobar resection in high-
risk patients who cannot 
tolerate lobectomy due to 
comorbidities 

Shirvani SEER population, 
propensity-score 
matching 

Unmatched: 
surgey= 
8711 
SABR= 382 
matched: 
251/group 

Lobectomy  83% 
Sublobar     17% 
 

Lobectomy vs SABR, HR 
1.01 (SA: 1.16-1.28) 

Lobectomy is preferred for 
older adults fit for surgery. 
SABR is promising as it offers 
a lower risk  of 
periprocedural death 

Solda Systematic review Weighted average of surgical  
patients from IASLC database vs 
reviewed SABR studies 

68%                72% 
2 yrs               2 yrs 

Results favor direct 
comparison of surgery and 
SABR for operable localized 
NSCLC 

Varlotto Match-pair and 
propensity scoring 

Unmatched: 
surgey=180 
SABR= 137 
matched: 89/
group 
 

Lobectomy 73% 
Wedge       27% 

69%               41% 
3 yrs              3 yrs 
 
 
86%               42% 
3 yrs              3 yrs 
 

On usual matching, wedge 
and lobectomy had 
significantly improved OS 
over SABR, differences 
disappeared when adjusting 
for propensity score 



Study Study design N° of 
patients 

Surgical 
procedure 

Overall Survival 
 

Surgery       SABR 

Conclusions/ 
comments 

Verstegen Propensity-score 
matching 

Unmatched: 
surgey=86 
SABR=527 
matched: 
64/group 

VATS lobectomy 77%                    80% 
3 yrs                   3 yrs 
 
 

No significant difference in 
OS supports the need to 
compare the two 
treatments in a 
randomized control trial 
 

Grills Retrospective 
 

Surgery = 
69 
SABR = 55 
 

Wedge resection 87%                    72% 
30 mo                 30 mo 

OS was improved after 
surgery. SABR patients 
tended to be older with 
more comorbidities 

Louie Markov model Lobectomy and SABR outcomes 
modeled from various sources 

At 5 yrs, surgery 2-3% 
benefit in OS 

Large patient numbers 
wuold be required to 
detect small differences in 
OS 

Shah Markov model Lobectomy, wedge resection 
and SABR outcomes modeled 
from various sources 

Not reported, model 
validated based on 
recurrence pattern 

SABR is the dominant 
strategy compared to 
wedge resection. In 
patinets eligible for 
lobectomy, surgery is most 
cost-effective 

Zheng Meta-anakysis Forty SABR studies (n = 4850) 
and 23 surgery studies (n = 
7071) 
 

~ 80%                  57% 
3 yrs                    3 yrs 

When adjusting for 
potential operability in 
SABR patients, no 
difference found in OS 

CER studies comparing surgery versus SABR in stage I NSCLC 

[Louie et al, R&O 2015] 



SABR VS Surgery in Early Stage NSCLC: CER 

•  SABR	could	be	an	op=on	for	trea@ng	operable	stage	I	NSCLC	
•  Small	pa=ent	sample	size	and	short	follow-up:	addi=onal	randomised	studies	in	

operable	pa=ents	are	warranted	

Chang et al., Lancet Oncology 2015  



[Mokhles et al, Lung Cancer 2015] 



Better outcome for surgery after 3 years: 
 
 

  optimal lymph node staging: adjuvant therapy 
 

  still some differences between the two groups: 
matching was done with only a limited number of 
variables (i.e., staging procedure not included as 
covariate)  

 
  respiratory failure over time (RILI) 

  unable to provide CSS rates 



SABR VS Surgery in Early Stage NSCLC: ongoing RCTs 

NCT 02629458	

NCT 01753414	

NCT 02468024 

SABRtooth 

VALOR trial	 Veteran	Affairs	Lung	cancer	surgery	OR	stereotac@c	Radiotherapy	



Treatment	Delivery	

	

Treatment	Planning	

	Pa=ent	Fixa=on	

Imaging	

Stereotac@c	Abla@ve	Radia@on	Therapy	(SABR)	



Features of Lung SABR 



UNIVERSITA� DEGLI STUDI DI TORINO 

2003 2010 

Slow CT 
scan 



Technical Advances may have an impact  
on efficacy and toxicity 

4D planning CT Mid-ventilation Treatment plan 

4D Volume View 4D image reg. Patient shift Delivery 

Planning 

Treatment	



SABR Guidelines 



Planning Concepts For Breathing 

Maximum	
exhale	

Geometrical	average	
posi@on	

Maximum	
inhale	

Conven@onal	
free	

breathing	

Internal	
target	
volume	

Ga@ng	or	
breath	
holding	

PTV	

GTV	

ITV	

CTV	
Time-weighted	
average	posi@on	

Mid-posi@on	

UNIVERSITA� DEGLI STUDI DI TORINO 

[Wolthaus et al., IJROBP 2008] 



	respiratory	surrogate:	abdominal	pressure	piezo-electric	belt																									

4DCT	à		accurately	compensate	for	target	mo@on	and	
define	pa@ent’s	specific	internal	margins	

Virtual	simula@on	



Scan	lenght:	20 Average	full	exhalation	phase:	58%
Numero	di	cicli	catturati:	21 Average	full	inhalation	phase:	99%
Mean	BRT:	23	bpm Amplitude	range:	0.89-1.12
Breath	rate	range:	22-27	bpm Amplitude	standard	deviation:	0.05

ASD	<		0.2	

										Mean	BRT	>	25	

Irregular	breath	cycle	à	inaccurate	image	reconstruc@on	



Create	contours		on	one	phase	
of	respiratory	cycle	à		
propagate	on	all	10	phases	(DIR,	
deformable	image	registra@on)	
à	ITV	

MIP	 AVERAGE	CT	20%....	



ITV	



3 mm 

3 mm 

CTV	=	GTV	

	

ITV
10

	average	CT	 PTV	=	ITV	+	3	mm	isotropic	

    Higher accuracy should translate in less toxicity  
and better PTV coverage 



Use of “risk-adapted” SBRT protocol 

• 	Peripheral	lesions	(T1a-T1b):		
	
- 	54	Gy/	3	frac@ons	(isodose	80%)	
- 	45	Gy/	3	frac@ons	(isodose	80%)	
	

• 	Peripheral	lesions,	with	extensive	contact	with		
		the	chest	wall,	or	larger	tumors	(T2a):		

	
-  55	Gy/	5	frac@ons	(isodose	80%)	
-  50	Gy/	5	frac@ons	(isodose	80%)	
	
• 	Central	lesions:		
	
-	60	Gy/	8	frac@ons	(isodose	80%)	
	

		



Breath		
cycle	

2013à Advanced IGRT 
4D-CBCT 



SABR is well tolerated: toxicity is uncommon 
•  505 lung tumors in 483 patients 
•  Median time to pneumonitis: 0.4 years 

Pneumonitis grade incidence 
Grade 2 or higher 7% 
Grade 3 or higher 2% 

Grade 5 0.2% 

 Grills IS, JTO 2012 

•  500 pts with T1-2N0 tumors (2003-2009)  

•  Median follow-up 33 months (13-86 months) 

•  Severe chest wall toxicity uncommon 

•  severe pain in 2.2%, 

•  rib fractures in 2.7% 

Bongers E, 2011 





 
q Poor baseline PFT did not predict decreased OS 
 
q FEV1 mean decline 5.8%;  DLCO mean decline 6.3% (SS at 6 weeks 

and 3 months) 

q Minimal changes of arterial blood gases and no decline in oxygen 
saturation 

[Stanic S et al, IJROBP 2014] 

Toxicity and QOL 



[Lagerwaard et al, JTO 2012] 

Quality of Life – self assessed 



Pulmonary function and quality of life:  
outline of a prospective study 



[Ferrero, Badellino et al, Lung Cancer 2015] 



Logistic regression analysis 



•  Lung Cancer Symptom Scale (LCSS) 
•  Worsening of the item 2 “Fatigue” (mean basal value =29, mean value at T135 = 39.8, p = 

0.05) 

Fatigue	
29 vs 39.8	

P 0.05 

[Ferrero C, Badellino S et al, Lung Cancer 2015] 



Acute radiological changes after SBRT 

•  Diffuse consolidation                                   20-30%  
   (consolidation more than 5 cm in largest dimension)	
•  Patchy consolidation                                    8-22% 
    (consolidation less than 5 cm in largest dimension)	
•  Diffuse ground glass opacities            4-8% 
    (more than 5 cm of GGO)	
•  Patchy ground glass opacities         10-15% 
    (less than 5 cm of GGO)	
•  No evidence of increased density                    20-40% 



Late radiological changes after SBRT 

 
Radiation fibrosis (later than 6 months)  
(Koenig’s classification, AJR 2002): 
 
•  Modified conventional pattern 
•  Mass-like pattern 
•  Scar-like pattern 

 Modified conventional pattern  Mass-like pattern  Scar-like pattern 



Fibrosis or recurrence after SABR? 

[Huang K et al, 2013] 



Fibrosis or recurrence after SABR? 

HRF: High Risk Factor 

[Mattonen et al, 2014] 



Poster	ASTRO	2016	



Difficult SABR scenarios 

[Baker et al., Radiation Oncology 2016] 



Systemic Therapy 

•  Which patients are candidate? 
•  Classical adjuvant? 
•  Biomarkers driven/targeted 

agents? 



One of the following features based on CT-PET 
imaging: 

Centrally located clinical T1-T2 
Peripheral located T2 

Suspicion of N1 or N2 disease 

Non-FDG avid primary lung tumor and lymph nodes 

 

Determine loco-regional nodal status 
(N0-N3) based on CT-PET imaging 

INTERVENTION: 
Single scope complete mediastinal and 

hilar staging procedure: 
EBUS followed by EUS-B 

Optional: 
Sputum collection and bronchoscopy 

with minimal lavage 

 

Determine change of loco-regional 
nodal status (N0-N3) based on 

endosonographic staging 

 

(suspected) NSCLC and possible 
SABR candidate STAGE	study:	STereotac@c	Abla@ve	

radiotherapy	for	lung	cancer	a`er	
staGing	with	Endosonography		
	
	

SABR with Complete mediastinal staging 

  
Prof Dr J.T.Annema,  
email: j.t.annema@amc.uva.nl 
 
Prof Dr S. Senan,  



Conclusions 

•  SABR is currently widely accepted as the best alternative 
to surgery for inoperable early stage lung cancer 

•  SABR might be offered also to operable patients 
•  IGRT-motion management are essential for prescribing 

high BED: IMRT is an option 
•  Mature data with long-term follow up are needed to 

better understand the pattern of relapse across time 
•  Predictive and prognostic factors are needed to possibly 

offer to higher risk patients adjuvant therapies  
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