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PTV Doesnõt Work for Protons

ÅSingle volume doesnõt describe necessary 
dose coverage for all beams

ÅNeed to prescribe dose to CTV, with 
defined positional and range uncertainties

ÅEvaluate CTV and OAR including 
uncertainties

ÅOptimization algorithm needs to consider 
these uncertainties when determining 
spot weights

ÅRange uncertainties

ÅSetup variations

ÅIntra-fractional motion
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Proton PTVs Different for Each Beam
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Evaluate DVH òbandó, not just curve



Standard Optimization



Range Uncertainty Optimization



Dose Calculation

ÅIt has been well published that current 
pencil beam calculation algorithms have 
notable limitations

ÅIt has been recommended to use Monte 
Carlo calculations





TPS on Left                          MC on Right



Robust 
Optimization



Biological Considerations

ÅIt has been well published that the 
Relative Biological effectiveness of Proton 
therapy is larger that 1.1 near the Bragg 
Peak

ÅNotable side effects, such as Brainstem 
necrosis in pediatric cases have been 
reported



Linear Energy Transfer


