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Stereotactic Radiotherapy 

• Guiding principal elements 
– Ablative doses: ≥ 8Gy 
– Focused dose distributions 
– Accurate geometrical radiation delivery 

• Long standing success of SRS 
– >80-90% local control for benign, malignant tumors, AVM, 

trigeminal neuralgia* 
– Recent findings to pursue multiple brain metastases# 

• Treatment of multiple mets mono-isocentrically 

• Newly, established success of SBRT 
– 1990’s Karolinska Institute, Sweden 

– Quick adoption for early-stage cancer and oligometastases 

 
 

 

*Lippitz B, et al. Cancer Treat Rev. 2014. 40(1) 
#Yamamoto M, et al. Lancet Oncol. 2014. 15(4) 
Blomgren H, et al. Acta Oncol. 1995. 43. 
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Increasing Use of SBRT 

• More disease sites being pursued with SBRT techniques 
– Stage I NSCLC - RTOG 0618, 0236, 0915, 0813 
– Lung Metastases 
– Spinal Tumors – RTOG 0631 
– HCC/Liver Metastases 
– SCC H&N – U Pitt. 

• Open clinical trials:  
– 253 w/SBRT keyword* (4/2/2014) 

• Push for establishing stereotactic programs in both 
academic and private centers  

*www.clinicaltrials.gov 
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SBRT Survey 

• Sample: 1600 rad oncs. 
– 551 responses 
– 37.5% (A) / 62.5% (P) 
– 63.9% SBRT users 

• >50% adopt after 2008 
• 76.0% users plan to increase 

use 
• 66.5% of non-users planned 

to adopt SBRT 
• Common sites 

 
 

*Pan H, et al. Cancer. 2011. 117(19) 
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Radiobiology Challenges 

– Normal tissue toxicity 
• Tolerance Tables 

– RTOG Study Updates – f/u time relatively short 
– AAPM TG 101: Dose/Volume constraints 

– Radiobiological modeling 
• High dose models 

– Linear Quadratic-Linear (LQ-L) 
– Universal Survival Curve (USC) 

• Lack in vivo tumor dependencies 
– Environmental/Molecular responses 

• Microvasculature endothelial apoptosis w/ 15-20Gy single fraction 
doses* 

• Induction in T-cell priming  reduction of primary tumor in certain cell 
lines with 15-25Gy single fraction doses# 

*Garcia-Barros M, et al. Science. 2003. 300 
#Lee Y, et al. Blood. 2009. 114 
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Technical Challenges 

– Radiation delivery equipment 
• Machine accuracy – mechanical and imaging 
• Reduced localization residual errors - 6 DOF couch correct. 
• Real-time patient monitoring 
• Easier implementation motion management 

– Respiratory inhibition  Gating/ABC & Tracking solutions 

– Immobilization equipment 
• Improve patient setup reproducibility 
• Improve patient comfort 

– Quality assurance equipment 
• Smaller and improved dosimeters 
• Improve phantom design – SRS/SBRT-specific 



Department of Radiation Oncology 
School of Medicine 

Safety Challenges 

– Specialized training of staff 
• Role definition of staff in stereotactic programs 
• Formalize training requirements 

– Quality assurance programs of equipment 
• Stereotactic Acceptance and Commissioning 
• Stereotactic Quality Assurance 

– Establishment of safety programs 
• Patient/Process QA 
• Documentation 
• Ongoing Quality Improvements 
• Prevention of catastrophic failures 

 
Solberg TD, et al. PRO. August. 2011. 
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Detrimental Consequences - SBRT 

• PTV (Min Dose) 
– 1mm: -4.3% 
– 3mm: -12.2% 
– 5mm:-20.2% 

Clinical 

3D Dis. = 5mm • GTV 
– 1mm: -2.7% 
– 3mm: -10.3% 
– 5mm: -20.1% 
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Detrimental Consequences - SRS 

Original 

5mm 

AJ Patel, et al. ISRS 2013. Toronto.  
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Ideal Rad Del. Equipment  

• Accuracy/Stability 
– Tight machine specs (≤ 1.0mm) 

• Precision via fine apertures 
– microMLC / IRIS collimator & MLC 

• Image guidance 
– Accurate localization (≤ 1.0mm) 
– Volumetric image information 
– Real-time imaging 

• Delivery efficiency 
– Higher dose rate 
– VMAT delivery 

• Throughput 
– Fast, integrated workflow 
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Universal Functionality 

TrueBeam™ STx 

TomoHDA™ 

VersaHD™ 
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Specialized Functionality 

Vero™ 

EDGE™ 

CyberKnife M6™ 

GK Perfexion™ 
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Future Potential  

• Real-time 4D volumetric imaging 
• Non-ionizing, soft tissue contrast 
• Design 

– Three 60Co sources with DF-MLC 
– Split-magnet MRI (0.35T) system 

• Automatic gating based on soft 
tissue detection 

• Real-time adaptive tools 

MR-Guided/Real-time 3D-based (MRgRT) 

ViewRay™ 
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Don’t forget the fundamentals! 

Despite the nice equipment….. 
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SBRT Immobilization Devices 

• No stereotactic coordinates 
– IG provides the stereotaxy 

• Interfraction error: µ ≤ 3-5mm* 
• Improve patient comfort 
• Respiratory inhibition devices 

Hamilton, et al. Neurosurgery. 1995. 
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Abdominal Compression 

• Basis: Limit diaphragm motion by 
inflating lungs with chest wall 
musculature 

• Goal: Restrict cranial-caudal 
motion and reduce ITV volume 

• SBRT Lung study* 
– Lower lobe 

• 3.5mm (amp) / 3.6cc (ITV) 
– Upper lobe 

• 0.8mm (amp) / 0.2cc (ITV) 

Bouilhol G, et al. Phys Med. 2013 
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SRS Immobilization Devices 

• Frameless IG-SRS 
• Ease of workflow 
• Setup accuracy studies 

– BrainLAB: 0.76 ± 0.46mm* 

*Gevaert T, et al. IJROBP. 85(5). 2012 
#Pan H, et al. Neurosurgery. 71(4). 2012 

• SIG-SRS 
• Initial study show 

comparable clinical 
outcomes for brain mets# 

• Improved patient comfort 
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Quality Assurance Equipment  

• Small/Narrow field geometry 
– New dosimeters for improved dosimetric characterization 

• AAPM Rpt 54 – detector dimension < half field size (era ~ 1.0cm2) 
• AAPM TG 101 – spatial resolution ≤ 1.0mm (era ~ 5mm) 
 

PTW MicroLion 
• Liquid ion chamber 
• Vol.: 0.0017cm3 

PTW E-Type Diode 
• P-type Si 
• Vol.: 0.002mm3 

IBA SFD 
• P-type Si 
• Vol.: 0.036mm3 

SN EDGE 
• Vol.: 0.0019mm3 
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Small Field Measurement Errors 
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*Slide courtesy of TD Solberg 
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Small Field Measurement - “Daisy chain” 

AAPM Rpt 54, Task Group 42. AIP. New York, NY. 
1995. 
*Dieterich S, et al. Med Phys. 2011. 38. 
Slide courtesy of Min Leu 
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SBRT/SRT – Patient Specific QA 

• OCTAVIUS 1000 SRS 
– High spatial resolution for small 

field IMRT plans 

• microLion-based array 
• 10x10cm2 active area 
• 977 liquid chambers 
• (2.3mm x 2.3mm x 0.5mm) 



Department of Radiation Oncology 
School of Medicine 

Overall Geometrical Accuracy 

1.0 mm 
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Newer QA Phantoms 

• Specialized SBRT/ SRS phantoms 
– End-to-end testing crucial 

• Spatial accuracy (Hidden target) 
• Dosimetric accuracy 

– E2E needs to incorporate imaging 
– Tolerance: ≤ 1.0mm* 

*Solberg TD, et al. PRO. August. 2011. 
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Ind. Verification – IROC Phantoms 

• Ind. E2E test 
– Var. phantoms 

• Lung 
• H&N 
• Liver 
• Pelvis 

• Required for 
newly established 
programs* 

• Clinical trials 

*Solberg TD, et al. PRO. August. 2011. 
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Let’s not forget about safety…. 
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SBRT guidelines 

2010 
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Required read 
• Technical 

recommendations 
• Normal tissue tolerance 

tables 
• Touched on program 

development and 
personnel roles 
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Practical Program Guidelines 

2011 
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Program Goals 

*Solberg TD, et al. PRO. August. 2011. 

• Establish program goals with clinical and admin team – disease sites 
• Identify resources needed for successful program 
• Ensure equipment will satisfy program goals 
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Personnel Qualifications 

*Solberg TD, et al. PRO. August. 2011. 
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Patient-specific QA 
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Patient Specific QA – Process Checklists 
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Summary 

• Increasing demand for SBRT/SRS to be implemented 
due to clinical success 

• Novel radiation delivery system and equipment is 
facilitating the implementation of SBRT/SRS programs 

• New programs must be aware of guidelines and place 
strict emphasis on quality assurance of entire process 

• All personnel must be trained and aware of their role 
and commitment to the process 
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Thank you for your time and attention! 
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Respiratory Inhibition 
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