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PTV Doesnot Wo r Kk

AS | ngle volume doesno
dose coverage for all beams

ANeed to prescribe dose to CTV, with
defined positional and range uncertainties
AEvaluate CTV and OAR iIncluding
uncertainties

AOptimization algorithm needs to consider
these uncertainties when determining
spot weights

ARange uncertainties
ASetup variations
A\Intra-fractional motion
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Proton PTVs Different for Each Beam
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Eval uate DVH Oband
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Fig. 1. Comparison of the robust IMPT optimization method and the OTV-based method: DVHSs of CTV and
hypothalamus in a pediatric brain case. The DVHs for the nominal scenario and eight uncertainty scenarios
are plotted in each panel. The result of the robust optimization is on the left, and the result of the OTV-based
IMPT optimization is on the right.
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Standard Optimization

(a) nominal range (d) beam at 45 degree
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Range Uncertain

a) nominal range

ty Optimization

(d) beam at 45 degree
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o Dose Calculation

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

Alt has been recommended to use Monte
Carlo calculations
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Figure 5. Above are the dose colorwash of the TPS generated distribution (left) and the Monte Carlo generated dose
distribution (right) for a central brain tumor with a CTV (red) that is approximately 2cm in diameter. The graph in the center
displays the dose profile through the center of the CTV. Note thatthe MC dose distribution is 2.2% lower than that from the
TPS. This difference is attributed to the small target size and the complex heterogeneous surroundings. This plan would be
suitable for renormalization.
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Robust
Optimization
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Biological Considerations

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

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



o Linear Energy Transfer



