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SBRT-Early Stage NSCLC
Objectives

• Review rationale, process, toxicity and 
evidence for SBRT in stage 1 NSCLC

• Update on the outcome after 3 years of our 
center experience with SBRT



SBRT-Early Stage NSCLC
Introduction

• Lung cancer is the leading cause of cancer related death 
worldwide.

• Incidence is expected to rise due to aging population.

• Majority of patients present with advanced or 
metastatic disease.

• Incidence of early stage NSCLC is expected to rise due to 
wider use of CT thorax in general practice and 
implementation of CT screening which has shown to 
lead to earlier detection.



Stage 1 NSCLC Treatment Options
• Surgery:

-Lobectomy
-Wedge resection

• Radical Radiation therapy:
-Conventional fractionation RT
6000cGy/30 fractions:200cGy/fraction daily(old, no longer used)

-Hypo-fractionated RT
6000cGy/15 fractions:400cGy/fraction daily

-SBRT: Stereotactic Body Radiation Therapy
6000cGy/8 fractions:750cGy/fractions daily for central tumors
4800cGy/4 fractions:1200cGy/fraction every other day for 
peripheral tumors



SBRT 
• Delivering high dose RT to the tumor in a limited # of 

fractions using highly conformal technique IMRT or VMAT.

• Sparing normal adjacent tissue due to rapid dose fall off 
beyond PTV.

• Several beams are directed at the tumor from different 
angles.

• Strict breathing motion control.

• 4D CT for planning, fusion with diagnostic PET scan.

• Image-guided Radiation Therapy (IGRT).



SBRT Delivery



SBRT Outcome
• Early Phase 2 Data:

-Timmerman JAMA 2010

-Taremi IJROBP 2012

-Lagerwaard IJROBP 2008

• Local control at 2-4 years: 89%-97%

• Overall survival at 2-3 years: 55%-64%

• Distant mets at 2-3years: 20-23%



SBRT Toxicity
• Fatigue

• Skin irritation

• Radiation pneumonitis

• Rib pain, #

• Rare: esophageal, bronchial, pericardial,

brachial plexus injury, death.



SBRT at WRCC

• A Randomized Trial of Medically-Inoperable Stage I Non-Small 
Cell Lung Cancer Patients Comparing Stereotactic Body 
Radiotherapy Versus Conventional (hypo-fractionated) 
Radiotherapy (LUSTRE)

• T1/T2a N0 M0 NSCLC,biopsy proven or a suspicious growing 
nodule on serial imaging with malignant PET FDG avidity for 
which a biopsy would be extremely risky

• Deemed medically inoperable due to medical comorbidities

• Radiotherapy is preferred by the patient due to high operable 
risk.



SBRT at WRCC

• First SBRT treated on LUSTRE protocol in October 2015

• A total of 9 patients treated with SBRT on Study.

• A total of 14 patients treated with SBRT off study.

• So total of 23 patients treated with SBRT over 3 years.



SBRT 
Outcome at WRCC

October 2015-April 2018:

• No local recurrence within the radiation field so far.

• 2 patients died, 1 died from a second and different 
malignancy and 1 died from lung cancer progression in 
the contralateral lung and mediastinum

• No severe grade 3 or 4 toxicity reported



Conclusions
• SBRT is a good alternative treatment to surgery for early 

stage NSCLC.

• A good option for medically inoperable high risk patients. 

• Comparable local control rates to surgery in stage 1 NSCLC.

• Well tolerated with minimum toxicity.

• SBRT for early stage NSCLC is well established in Windsor 
with excellent outcome over 3 years.

• Our next goal in Windsor is to use SBRT in other 
malignancies.



SRS Brain Metastases

• 20-40% of cancer patients will develop brain metastases during 
the course of their disease.

• Median survival without treatment is estimated at 1-2 months.



SRS Brain Metastases
Objectives 

• Review treatment options for brain mets

• Discuss and review SRS as a very important 
modality for the treatment of brain mets

• Compare the benefits and toxicity of different 
treatment modalities for brain mets



SRS 
Definition

• Stereotactic Radio Surgery is a non-surgical radiation therapy used to treat 
functional abnormalities and small tumors of the brain, It can deliver 
precisely-targeted radiation in fewer high-dose treatments than traditional 
therapy, which can help preserve healthy tissues and achieve a superior 
tumor control.



Treatment Modalities
• Surgical resection

• Whole brain radiation therapy (WBRT)

• Stereotactic Radio-Surgery (SRS)

• Surgery+SRS

• Surgery+WBRT

• WBRT+SRS

• Systemic therapy

• Supportive and palliative care (steroids only)



Surgery
• Histological diagnosis

• Improves neurological symptoms

• Improves functional independence

• Improves survival

• Indicated as initial treatment for selected pts with 
solitary or few brain mets and large (>3cm) causing 
mass effect or refractory edema and significant 
neurological deficit



Whole Brain Radiation Therapy
(WBRT)

• Improves Intracranial disease control

• It is better than best supportive care for pts with multiple (>4) 
brain mets and good performance status.

• Improves intracranial disease control when added to surgery or 
SRS in selected pts with few mets and good performance status.

• Improves median survival vs best supportive care.

• Concern with side effects: late neuro-cognitive dysfunction.



Surgery vs Surgery+WBRT
Patchel RA et al JAMA1998

• Multicenter RCT,95 pts with solitary brain met
• Adding WBRT reduced intracranial relapse from 70% to 18% 

(p<0.001)
• Reduced neurological death 44% to 14% (p=0.003)
• No difference in median survival 48 weeks with 

surgery+WBRT vs 43 week with surgery (p=0.39) and in 
length of time patients remained functionally independent 
(median length of time remained at KPS>=70% was 37 
weeks with surgery+WBRT vs 35 weeks with surgery, 
p=0.61)

• For solitary brain met, WBRT added to Surgery improved 
intracranial control and neurological death but without 
effects on survival or duration of functional independence.



WBRT vs WBRT+SRS Boost
Andrews et al RTOG 9508 study Lancet 2004

• Multi-institutional RCT,333pts, 1-3 mets, unresectable, <4cm size, 
KPS>70%, RPA class 1-2.

• Univariate analysis showed a survival advantage in the WBRT and 
stereotactic radiosurgery group for patients with a single brain metastasis 
(median survival time 6·5 vs 4·9 months, p=0·0393

• Patients who had WBRT+SRS are more likely to have a stable or improved 
KPS, at 6 months 43%vs 27%, p=0.03.

• Multivariate analysis showed survival advantage in favor of WBRT+SRS 
group with RPA class 1 (p<0.0001) and favorable histology-NSCLC-
squamous (p=0.012)

• SRS should be the standard of care for solitary unresectable brain mets 
and should be considered for 2-3 mets.



SRS vs SRS+WBRT 
Aoyama et al JROSG-99-1 JAMA 2006

• RCT, 132 pts, 11 Japanese centers
• 1-4 brain mets, <3 cm size, KPS>70, RPA class 1-2
• Adding WBRT reduced intracranial recurrence 76.4% to 

46.8% at 1 year (p<0.001)
• No difference in 1 year actuarial survival (28.4% vs 38.5%, 

or MS=8 months vs 7.5 months (P=0.42)
• Salvage brain radiation required more in SRS group (29 pts) 

vs SRS+WBRT group (10 pts), p<0.001.
• No difference in neurological or functional preservation and 

toxic effects.
• Adding WBRT to SRS improved intracranial control not 

survival probably due to good salvage therapy.



Surgery or SRS vs Surgery or SRS+WBRT 
Kocher M et al EORTC 22952-26001, JCO 2011

• 359 pts, 1-3 brain mets, size: up to 4cm (SRS) and up to 7cm (surgery), 
WHO PS=0-2

• Adding WBRT reduced 2 yr intracranial relapse:
– at SRS site: from 31% to 19% (p=0.04)
– at Surgical site: from 59% to 27% (p<0.001)
– elsewhere in brain: SRS:48% to 33%  (p=0.023), surgery: 42% to 23% 

(p=0.008)

• Intracranial progression caused death in 44% of SRS or surgery alone 
arms vs 28% in WBRT added to SRS or surgery arms (p=0.02)

• No difference in median overall survival 10.7 months vs 10.9 months 
(p=0.89) or in median time to WHO PS>2: 10 months vs 9.5 months 
(p=0.71), so no improvement in the duration of functional independence

• Adding WBRT to SRS or surgery improved intracranial control but no 
survival benefit and no improvement in the duration of functional 
independence



SRS vs SRS+WBRT
Chang E et al Lancet Oncology 2009

• RCT from MDACC, 58 pts, 1-3 brain mets, RPA class 1-2
• Primary endpoint: Neurocognitive function
• Trial was halted because of 96% confidence that total recall at 4 months 

for SRS+WBRT 64% vs only 20% SRS alone, and it persisted at 6 months.
• Adding WBRT to SRS improved 1-year intracranial relapse from 73% to 

27% (p=0.0003)
• Median survival was higher for SRS only group (15.2 months vs 5.7 

months) and 1 year survival for SRS only group was higher(63%vs 21%), 
p=0.003

• More decline in learning and memory at 4 months (52% vs 24%) using 
HVLT-R scoring

• SRS alone group tolerated treatment well with less fatigue and appetite 
loss, less steroids dependence, less delay in chemo and better tolerance to 
chemo

• Recommends SRS alone then close monitoring



WBRT and Impact on Quality Of Life (QOL)
EORTC 22952-26001 Soffietti R et al JCO 2013 

• Analysis of “Health Related Quality Of Life (HRQOL)” results of the 
EORTC 22952-26001 trial, of 359 pts with 1-3 brain mets receiving 
SRS or Surgery +/-WBRT

• Analysis of QOL using QLQ-C30 analysis at baseline, every 3 months 
for 3 years (6 HRQOL scales: global health status, physical, role, 
cognitive and emotional functions,and fatigue), compliance was 
88.3% at baseline and dropped to 45% at 1 year.

• SRS or Surgery only arm reported better HRQOL scores for global 
health assessment at 9 months and physical function at 8 weeks 
and cognitive function at 1 year and fatigue at 8 weeks.

• Exploratory analysis for all other HRQOL scales suggested worse 
scores for the WBRT group but none was clinically relevant.

• WBRT may negatively impact some aspects of QOL
• Recommends observation with MRI’s which is not detrimental on 

QOL.



SRS vs SRS+WBRT and Impact of Neurocognitive 
Function

Brown PD et al JAMA 2016

• RCT, 34 centers, North American, 213 pts with 1-3 brain mets, Feb 2002-Dec 2013
• Primary endpoint: “Cognitive function” using Hopkins Verbal Learning Test-

Revised (HVLT-R) to assess immediate memory and learning, fine motor control, 
verbal fluency, processing speed, executive function, delayed memory and 
recognition.

• Adding WBRT caused more cognitive deterioration at 3 months (94% vs 45%, 
p=0.007) and 12 months (94% vs 60%,p=0.04).

• Adding WBRT caused more decline in QOL, mean change from baseline -10.9 
points vs -1.3 points (p=0.002)

• Longer time to intracranial relapse with WBRT+SRS vs SRS(p<0.001),without 
difference in median OS(SRS 10.4months vs SRS+WBRT 7.4 months(p=0.92)

• No difference in functional independence with mean change from baseline of -1.5 
points for SRS vs. -4.2 points for SRS+WBRT (p=0.26)

• It is WBRT not recurrent disease that impairs QOL and function
• Recommends SRS alone due to absence of survival benefit and deterioration of 

cognitive function at 3 months when adding WBRT to SRS.



SRS Brain Mets
Conclusion

• Highly effective and precise targeted radiation therapy for limited 
number of brain mets

• Good alternative to surgery in selected cases

• Preserves cognitive and learning functions, and better QOL 
without compromising overall survival compared to adding WBRT 
in selected patients with 1-4 mets.

• Higher intracranial relapse rates compared to WBRT but 
salvageable and deferring WBRT did not affect functional 
independence

• We are hoping to get the technique to Windsor 



Thank you
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NOTE: This diagram represents typical disease progression. Note that some patients are metastatic at diagnoses, and are thus still hormone-sensitive.
1. Chen Y, et al. Lancet Oncol. 2009;10:981-991.
2. Hofland J, et al. Cancer Res. 2010;70:1256-1264.
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Curative Treatment Options!
• Active Surveillance
• Surgery

– Open
– Laprascopic
– Robotic
– Perineal

• External Radiation
– Dose Escalated EBRT
– HypoFractionated EBRT
– SBRT

• Brachytherapy:
– LDR/HDR Monotherapy
– LDR/HDR + EBRT

• Cryotherapy
• High Intenstify Frequency Ultrasound (HIFU)
• Photodynamic Therapy (PDT)
• Clinical Trials



Radical Prostatectomy



External Beam Radiotherapy



Seed Brachytherapy



HDR Brachytherapy



Curative Treatment Options!



Brachytherapy vs EBRT

LDR brachy HDR / EBRT

Smith GD et al., IJROBP 2015; 91(3): 505-516



The Silver Tsunami

Scenario % Increase # of cases

2006 Incidence - 25,355

Best case in 2021 73% 35,121

Most-likely case in 

2021

288% 78,799

Worst-case in 2021 1260% 275,796

CCO estimates are close to most-likely scenario



Prostate Cancer: Largest Increase in Cost





RapidArc vs SBRT

Macdougall ND et al., Clin Oncol 2014





Summary of SBRT Studies

Loblaw DA et al., Radioth & Oncol 2013; 107: 153–158



Loblaw DA et al., Radioth & Oncol 2013; 107: 153–158



Cyberknife LINAC based SBRT

http://e-uhs.efxinternet.com/admin/Image Library/CyberKnife/cyberknife.jpg














Out of Pocket Costs

Sethukavalan P et al., CJU 2012



Departmental Costs
(not charges or reimbursement rates)

Category Standard IGRT 78/39 HDR/EBRT LDR brachy SBRT 40/5

Personnel Costs 

Total $4,387 $2,825 $442 $1,047

Variable Costs

Variable Costs 

Total $2,600 $1,345 $172 $333 

Disposable Costs

Disposable Costs 

Total $0 $400 $2,936 $90

Dept costs (per pt) $6,987 $4,569 $3,550 $1,470 



The Litmus Test of Public Healthcare

Last Resort Do More of This

Stop Doing This

Figure out best trade-off 

methodology

Patient Outcomes
Worse Better
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Summary

Prostate SBRT is:

• Feasible

• Effective

• Well tolerated (especially with high quality 
planning / delivery)

• Cheaper than all alternative treatments

• More convenient



Questions?


