
Accuracy in Radiation Therapy: 
Current Achievements, Future 

Solutions

Tim Craig
Radiation Medicine Program, Princess Margaret Hospital
Department of Radiation Oncology, University of Toronto

 



Acknowledgements
Physics
Stephen Breen 
Kristy Brock
David Jaffray
Harry Keller
Doug Moseley
Tom Purdie
Mike Sharpe

Radiation Oncology
Charles Catton
Peter Chung
Laura Dawson 
Cynthia Menard

Radiation Therapy
Cynthia Eccles
Vickie Kong
Alana Pellizarri
Cathy Rocca
Elizabeth White

McMaster 
Tamas Terlaky
Yuriy Zinchenko



Outline

• Radiation therapy
• State of the art technologies

– IMRT
– IGRT

• Accuracy
– Magnitude of problem
– Solutions to problem
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Radiation Therapy

• Goal
– High dose to 

tumour volume
– Low dose to 

surrounding 
healthy tissue
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Intensity Modulated Radiation 
Therapy (IMRT)

• Varies x-ray fluence 
across the treatment 
field

• Optimized assignment 
of non-uniform 
intensities to tiny 
subdivisions of beams



Intensity Modulated Radiation 
Therapy (IMRT)



























Outline

• Radiation Therapy
• State of the art technologies

– IMRT
– IGRT

• Accuracy
– Magnitude of problem
– Solutions to problem



Prostate Fiducial Markers



Prostate Fiducial Markers



Cone-Beam CT



CBCT 
Markers

CBCT Soft 
Tissue σ = 0.9,  2.2,  2.3

ΣΣΣΣ = 0.5,  2.2,  1.2

R/L A/P S/I

σ = 0.6,  1.3,  1.3
ΣΣΣΣ = 0.4,  1.0,  1.0

R/L A/P S/I

Cone-Beam CT
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De Creviosier et al IJROBP 2005

Impact of Systematic Errors



SBRT Liver Case Study

• Six-fraction protocol
• Daily on-line imaging and active 

breathing control

GTV min 49 Gy, PTV min 29 Gy



Liver - On-Line Correction



Liver - On-Line Correction

Delivered - GTV min 50 Gy

Planned - GTV min 49 Gy, PTV min 29 Gy



Liver - No Correction



Liver - No Correction
Planned - GTV min 49 Gy, PTV min 29 Gy

Delivered - GTV min 16 Gy
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Solutions to Uncertainty

• Reduce
– Better imaging for planning
– Better imaging for treatment localization

• Anticipate
– Margins
– Robust optimization
– Adapt



Imaging for Planning



4D-CT
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PTV

Planning Target Volume (PTV): CTV + geometric uncertainty

CTV

Clinical Target Volume (CTV): GTV + microscopic disease

GTV

Gross Tumour Volume (GTV): Tumour as seen on image



Robust Optimization

Chu et al, Phys Med Bio, 2005



Adaptive

Plan Fx 1 Fx 1 (Post-treatment)

Fx 2 Fx 3 Fx 4



Conclusions

• IMRT and IGRT are powerful new tools 
for radiation therapy 

• Large uncertainties in treatment delivery 
result in poor treatment outcomes

• Quantitative margin design, robust 
optimization, and adaptive processes 
can reduce the impact of uncertainties


