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OBJECTIVES 

 Understand the increasing role for lung SBRT/SABR 
 Understand the need to balance tumor control and 

toxicity in choosing dose 
 Understand difficulties and controversies in 

comparing dose amongst regimen (3DCRT to 
SBRT/SABR) 

 Understand goals of SBRT Thoracic TCP Working 
Group – Preliminary Findings 
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SCOPE OF THE PROBLEM 
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LUNG CANCER 

Jemal et al, CA Cancer J Clin 2010 

Stage Distribution: IASLC Lung Cancer Data Base 
 Clinically Staged Cases, 

N = 53,646
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Presenter
Presentation Notes
#2 leading diagnosed cancer in both men and women in US
#1 cause of cancer-associated death in both men and women
Significant percentage - > 1/4 however are early stage (i.e. stage I, LN negative) potentially curable patient and form the pt population that may benefit from SBRT
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LUNG CANCER BY AGE 

SEER, 2007-2011 

Presenter
Presentation Notes
Moreover, due to it’s association with tobacco and latency after tobacco use, median age at dx 70, with majority of pt dx between ages of 55-85
These older pts often have co-morbid conditions such as COPD, heart disease that makes surgery potentially a risky endeavor 
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 Surgery 

 Lobectomy/ 

   pneumonectomy 

 Sublobar resection 
(segmentectomy, wedge) 

 Radiation 

 SBRT 

 EBRT 

 Observation 

Medically operable 

Medically inoperable 

Borderline 
medically operable 

Wouldn’t touch with 
a 10-foot pole 

??? 

?? 

? 

EARLY STAGE NSCLC TREATMENT OPTIONS 

Courtesy of J. Bradley 

Presenter
Presentation Notes
Due to advances in surgery and RT, the optimal treatment for many pt with stage I NSCLC is evolving
There may be overlap of tx
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COULD LUNG SBRT PLAY A BIGGER ROLE IN THE 
TREATMENT OF EARLY STAGE NSCLC IN THE NEAR 
FUTURE? 

Presenter
Presentation Notes
Transition slide – about National Lung Screening Study Results
For years, due to potential curability of early stage NSCLC and the fact that outcomes drop significantly with advanced dz, screening study have been performed
Overall outcomes have been disappointing
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LUNG CANCER SCREENING: NLST 

 Purpose: Could yearly CT screening reduce lung 
cancer mortality compared to CXR screening? 

Aberle D, et al., NEJM 2011 
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NLST 

 Results: 
 53,454 patients 
 High risk: 55-74 years old, 30 pk-year, if former smoker, quit 

within previous 15 years 
 Rates of positive screen: 24% vs. 7% (CT vs. CXR) 
 247 vs. 309 deaths from lung cancer per 100,000 person-year 

from CT vs. CXR 
 20% relative reduction in lung cancer mortality from low-dose CT 

screening (6.7% absolute reduction) compared to CXR screening 
Aberle D, et al., NEJM 2011 

Presenter
Presentation Notes
- It would be interesting to study the tx options for those with tissue-dx early stage lung CA in these pts that were screened with CT vs. CXR
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NLST FINDINGS 
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NLST CONCLUSIONS 

 Yearly low-dose CT screening in high-risk 
population reduce lung cancer mortality compared 
to CXR screening 

 Potentially, many of these patients are too frail for 
surgery: SBRT 

 Possibly, more cancers are detected at earlier 
stage, obviating the need for surgery: SBRT 
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SBRT/SABR 
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Presenter
Presentation Notes
Any situation including there is a dose response curve
Giving inadequate dose lead to suboptimal cure rate
However, giving too high or aggressive or a regimen can cause toxicity (fistula, pneumonitis) that makes the risk benefit ratio unfavorable
It is clinician’s job to find the sweet spot at the near plateau of TC curve and before the toxicity curve reaches the steep part of the sigmoid curve 
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RTOG 0236 – Peripheral Tumor SBRT Dose 
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36 month 
local control = 98% (CI: 84-100%  

RTOG 0236:  

 First North American cooperative 
group trial of SBRT 

 Phase II: 55 pts (44 Stage IA, 11 
Stage IB), medically inoperable, 
peripheral tumors 

 54 Gy in 3 treatments 

 Tumor control: 98%, Survival 72% at 
3 years, median OS 48 months 

Presenter
Presentation Notes
- We have a better understanding of the optimal for peripheral tumors in lung SBRT
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Central Tumor Toxicity with SBRT 

Presenter
Presentation Notes
Phase II Indiana 60-66 Gy for SBRT
Increase risk in central lesion
2 cm of proxy bronchial tree
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TUMOR CONTROL RATE BY BED10 

Control Rates by BED10 For All Patients 

Onishi, H, JTO, 2007 

Presenter
Presentation Notes
BED- 89’ BJ of Radiology – based on LQ and cell survival – quantify biological effective of any radiotherapy accounting for change in dose- per fx, dose rate, total dose, overall time of tx. 
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OPTIMAL DOSE FOR PERIPHERAL TUMORS? 

Onishi, H, JTO, 2007 

5 yr. OS by BED10 in Medically Operable Patients 

BED = nd(1+d/α/β) 
 
Schemes > 100 Gy:  
16 Gy x 3 = 48 Gy 
12 Gy x 4 = 48 Gy 
10 Gy x 5 = 50 Gy 
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ELEKTA CONSORTIUM: LOCAL FAILURE BY DOSE  

• 2-year LF of 15% for low BED vs. 4% for high BED 

Grills, I et al., JTO, 2012 

Years 

• 411 stage I NSCLC patients, 434 tumors 

Presenter
Presentation Notes
# pts?
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DOSE RESPONSE LUNG SBRT 

 PURPOSE: 
 Is there a relationship between tumor control probability (TCP) 

and the Biological Effective Dose (BED) in Stage I NSCLC? 
 Is there evidence for further dose escalation? 
 Are we really doing better than before (SBRT vs. 3DCRT)? 

N. Mehta and P. Lee et al., PRO, 2012 
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METHODS  

 42 PUBLISHED STUDIES (48 DATA POINTS) – Heterogeneous! 
 July 1988-March 2010 
 Crude Local Control (TC) ≥ 2 years as a function of BED 

 Scatter plot TC vs. BED 
 TCP = exp([d-TCD50]/k) / [1+exp([d-TCD50]/k)] 
 Daily fraction size ≥ 6 Gy considered SBRT- Assumptions! 

 N. Mehta and P. Lee et al., PRO, 2012 

Presenter
Presentation Notes
Challenge: (1) Tease out studies with mixed NSCLC and mets (2) Converting dose to best uniform isocenter dose (3) Studies with multiple total doses, fx #, dose/fx – figuring how many pts treated for this as each potentially accounts for a data point (4) Study includes standard dose/fx – what is considered SBRT? 
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RESULTS 

 2696 patients (SBRT: 1640; 3D-CRT: 1050 
 704 adenoCA, 847 SCC, 1145 NOS 
 Daily fx size 1.2 – 4 Gy (total dose: 48-103) for 3D-CRT 
 Daily fx size 6-26 Gy (total dose 20-66) for SBRT 
 Median aBED 105.6 Gy (59.6 – 286.6) 

N. Mehta and P. Lee et al., PRO, 2012 
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RESULTS 
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CONCLUSIONS 

 Largest meta-analysis to model TCP as a function of 
BED for curative radiotherapy for stage I NSCLC 

 Near plateau, TCP is ≥ 90% with BED ≥ 124 Gy 
(USC) 

 Corresponds to 53 Gy in 3 fractions at isocenter 
(48 Gy in 3 fractions at periphery) 

N. Mehta and P. Lee et al., PRO, 2012 
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CONTROVERSY 

Presenter
Presentation Notes
Ideal experiment to fractionate to same BED compared with SBRT to same BED
Can never be done
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NEW BIOLOGY OLD BIOLOGY 

Presenter
Presentation Notes
- I did not anticipate our paper would instigate and fuel such furious debate
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OLD BIOLOGY VS. NEW BIOLOGY 

- Brown et al. argues for a monotonic 
relationship between TCP and BED 

- We avoided Old vs. New Biology 
- Equation is poor man way to normalize 

the dose 
- Unknown (model ≠ mechanism) 

- As dose increase, TC asymptote to 100% 
- BED is derived from LQ/USC models, 

flawed; Circular argument 
- Abscopal and vascular effects of SBRT? 
- Timing of normal tissue effects: e.g.. 

pneumonitis  
- different between 3DCRT and SBRT 

Presenter
Presentation Notes
Brown – no shift in slope of the curve comparing 3D vs. SBRT
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ARGUMENTS THAT IF IT AIN’T BROKE WHY FIX IT 

Presenter
Presentation Notes
Review argues that LQ model is adequate to explain effects of SBRT; data for altered mechanisms of action of hypofractionation (i.e. vascular damage and abscopal effect) is preliminary (agreed). A better biological model with more parameters to account for possible additional effects of SBRT (need biologists to illustrate the mechanisms and important variable); LQ model isn’t for high dose per fraction – that is not why it was derived; what about hypoxia; authors argues that single fx or SBRT led to less cell kill due to not optimizing fractionation and effects on hypoxic cells, and suggest that the failed benefit of hypoxic radiosenstizers in fractionated therapy could be of benefit in SBRT (but clinical results do not show a need for them).
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Counter Arguments 

Presenter
Presentation Notes
Statistical argument – that each data point has wide spread when accounting for 95% CI due uncertainty of the data (pooled analysis, and not meta analysis as we don’t have all the details for each data point)
Accounting for spread, LQ model does not fit raw data well and not from same distribution. 
Brown responded – Chi2 not appropriate to assess validity of LQ to fit SBRT data. All models have limitation ( I agree).
Find this argument in print a bit silly and amusing…need to focus on real data and findings in the lab
More importantly – we need to work on mechanistic lab models of SBRT and whether there are new mechanism of cell death (2) we need to see if additional clinical/treatment parameters need to be accounted for with hypofractionation (i.e. new or modified models with additional parameters) to better predict outcome (i.e. in disease such as pancreatic CA where local failure is still a problem despite dose escalation). 
Thus, these are the goals of WGSBRT thoracic TCP
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OTHER FACTORS THAT MIGHT INFLUENCE TUMOR CONTROL 

 Age, histology (in situ vs. invasive), tumor size/volume, tumor location, 
tumor doubling time, lung function? 

 
Treatment Factors:  
 Total dose, dose per fraction, number of fractions? 
 Length of treatment? Time effects (BED 100 can be achieved with 

3DCRT but takes many weeks). Tumor cell repopulation? 
 Treatment techniques, margins, image-guidance, etc.? 
 Prescription standards? Normalized to isocenter as best as possible 

 

Patient Factors: 
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Working Group on Biological Effects of 
Hypofractionated Radiotherapy/SBRT (WGSBRT) 
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WGSBRT Organization 

 Five top-level groups: 
 Tumor Control Probability (TCP) 
 Normal Tissue Complication Probability (NTCP) 
 Radiobiology 
 Rationale for Prescription Schemes 
 Reporting Standards 
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WBSBRT Subgroups 

 The TCP and NTCP groups have divided into six 
anatomical subgroup 
 Cranial 
 Head & Neck 
 Thoracic 
 Abdominal  
 Pelvic 
 Spine 
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WGSBRT – Thoracic TCP  

 Methodology:  
 118 clinical studies reviewed on SBRT for lung cancer 

 Reviews by 12 members of the Thoracic TCP Working Group – primary data 

 Selected re-review by group co-chairs for consistency 

 Data modeling by Allen Li and his group (KM/actuarial figure digitized). 

 
 

 Objectives:  
 Better model than LQ, USC for thoracic SBRT TCP? 

 More accurate predictions for tumor control by biological and physical dose 

 Discern intrinsic radio sensitivity of lung tumors to SBRT (α/β) 
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Sample Data Review Sheet for Consistent Data Collection 
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Updated/Clean Version 
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