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4-D imaging 
Sophisticated plans 

CT scan on treatment couch 

Delivery in <4 mins (FFF) 

A technique for delivering external beam radiotherapy  

i. with a high degree of accuracy to an extra-cranial target,  

ii. using high doses of irradiation, 

iii. in 1-8 treatment fractions.   

SBRT 

S. Senan, M. Guckemberger, U. Ricardi 
 
IASLC Textbook Multidisciplinary approach to 
Thoracic Oncology, 2014 



UNIVERSITA’ DEGLI STUDI DI TORINO 

From SBRT to SABR  
(Stereotactic ABlative Radiotherapy) 



SBRT in peripheral stage I a- I b NSCLC 

Loo et al, Discovery Medicine 2011 
UNIVERSITA’ DEGLI STUDI DI TORINO 



Need for pre-treatment pathology prior to SABR 
 
 
 

Models to predict the probability of malignancy using  
clinical, CT and FDG-PET features of a solitary pulmonary 
nodule (SPN) have been developed  

 
Caution should be employed however if such models have  

not been validated for specific geographic regions of  
practice 
 
A likelihood of malignancy threshold of 85% has been  

suggested prior to treatment of a SPN without  
pathologic confirmation of malignancy 

 
 



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 in ES-NSCLC 

[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  

Senthi S, Lancet Oncol 2012 

Post-SABR recurrences (676 patients) 

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) 





[Takeda et al, JTO 2014] 







Kestin et al, R&O, 2014 

Prescription to the edge of the 
PTV (60-90% of the isocenter 

dose;  
10-40% target heterogeneity) 

Onishi et al, Cancer 2004 

The BED10 was based on 
prescription dose at isocenter 
 
5-year local control rate: 84% 
for BED10 > 100 Gy vs 37% for 
BED10 < 100 Gy  
(p < 0.001) 

Dose-response in SBRT 



The median calculated BED of the cohort was 150 Gy, 
which is roughly equal to 54 Gy in 3 fractions 



[Matsuo et al, IJROBP 2011] 



Ricardi et al, Lung Cancer 2014 



[Guckenberger et al, JTO 2013] 



The effect of tumor size on curability of 
stage I NSCLC (7620 resected pts) 

Survival rates @ 12 yrs 

 5-15  mm 69% 

16-25 mm 63% 

26-35 mm 58% 

36-45 mm 53% 

 >45   mm      43% 

Wisnivesky JP et al., Chest, 2005 

Early stage NSCLC 



SBRT: treatment response 

At 130 months 

At treatment 

At 3 months 



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 





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 



Radiation pneumonitis ≥Grade 3 (CTCAE V3.0) 

subgroup Grade 3,4,5 Grade 5 

All patients  
(n= 2278 pts) 

3.3% 0.6% 

Operable patients  
(n= 683 pts) 

1.9% 0.4% 

Pulmonary emphysema (+) 
(n= 449 pts) 

4.4% 1.1% 

Pulmonary fibrosis (+)  
(n= 243 pts) 

11.9% 5.9% 

Japanese multi-institution analysis 

No pathological diagnosis: 606 pts 

Onishi H, Proc ASTRO 2013 





SABR is the non-surgical treatment of choice in peripheral 

early stage NSCLC [NCCN guidelines 2014; ESMO Clinical 

Practice Guidelines 2013]  

4-D imaging CT scan on treatment couch Delivery in <4 mins (FFF) 

 

Efficacy and safety 

SBRT 



Elderly (>75 
years old) 

Severe COPD  

Patients 
concerned 
about risks 

Patients fit for 
surgery, CT 
screening 



• SBRT in the elderly population, in patients with severe 
pulmonary comorbidities and in medically inoperable pts 

 
 
 

 SBRT is safely practiced in patients with severe 
pulmonary comorbidities and very poor pretreatment 
pulmonary function 

 
 

 
 

Clinical outcome after SBRT for early stage NSCLC 





Disparities in Treatment of Patients with Inoperable Stage I 
Non–Small Cell Lung Cancer: A Population-Based Analysis 

[Koshy et al, JTO 2015] 



Overall survival among patients with inoperable stage I non-
small cell lung cancer 

[Koshy et al, R&O 2015] 



 
 

 
• SBRT vs. lobectomy for medically operable patients refusing 

surgical resection 
 

 Few studies (limited numbers of patients) after SBRT 
where surgical resection was refused by the patients 

 

 
 

Clinical outcome after SBRT for early stage NSCLC and 
implications for patient selection 



J Thorac Oncol. 2007 Jul;2(7 Suppl 3):S94-100 



Phase III RCT of Surgery versus SABR 



Absence of randomized data does not imply the absence of evidence, 
and we must rely on other forms of comparative effectiveness 

research to inform clinical practice  [Louie AV, Lancet Oncol 2013] 







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 

 



Elderly (>75 
years old) 

Severe COPD  

Patients 
concerned 
about risks 

Patients fit for 
surgery, CT 
screening 



Survivorship following SABR 
 

 

 

» QoL:  

– minimal clinically meaningful changes in pulmonary function 
and QoL 

 

 

 

 

 

 

 

 

 

 

 



Quality of life 

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

p = 0.05) 
• Non-significant changes for other items  

Fatigue 
29 vs 39.8 

p= 0.05 



42 

Survivorship following SABR 

 

 

» Second primary lung cancer (SPLC):  

– risk of developing a SPLC at a rate of approximately 3% per 
year (smoking cessation!) 

 

 

 

 

 

 

 

 

 

 

 



Metachronous second primary 
lung cancer (SPLC) 





Survivorship following SABR 
 

 

 

» Distinguishing fibrosis versus recurrence: 

– benign CT changes that mimic recurrence 

– high-risk radiological features on serial CT scan 

– SUVmax value above 5 highly suggestive of relapse 

 

 

 

 

 

 

 

 

 

 

 

 



Fibrosis or recurrence after SABR? 

Huang K al, Radiother Oncol 2014 



Predicting survival after SABR in ES-NSCLC 

» Patient factors: 

– Clinical (age, comorbidities, ILD, Charlson Index) 

– Risk of SPLC (smoking) 

 

» Tumor factors: 

– Tumor size 

– Imaging-based biomarkers (SUVmax) 

– Mediastinal node staging (CT, CT-PET, EBUS-EUS) 

 

» Radiation factors: 

– Dose 

– Planning issues 


