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Purpose: Proton dose distributions, IMPT in particular, are highly sensitive to setup and range
uncertainties. We report a novel method, based on per-voxel standard deviation (SD) of dose
distributions, to evaluate the robustness of proton plans and to robustly optimize IMPT plans to
render them less sensitive to uncertainties.

Methods: For each optimization iteration, nine dose distributions are computed - the nominal
one, and one each for + setup uncertainties along x, y and z axes and for + range uncertainty. SD
of dose in each voxel is used to create SD-volume histogram (SVH) for each structure. SVH
may be considered a quantitative representation of the robustness of the dose distribution. For
optimization, the desired robustness may be specified in terms of an SD-volume (SV) constraint
on the CTV and incorporated as a term in the objective function. Results of optimization with
and without this constraint were compared in terms of plan optimality and robustness using the
so called 'worst case'l| dose distributions; which are obtained by assigning the lowest among the
nine doses to each voxel in the clinical target volume (CTV) and the highest to normal tissue
voxels outside the CTV. The SVH curve and the area under it for each structure were used as
quantitative measures of robustness. Penalty parameter of SV constraint may be varied to
control the tradeoff between robustness and plan optimality. We applied these methods to one
case each of H&N and lung.

Results: In both cases, we found that imposing SV constraint improved plan robustness but at the
cost of normal tissue sparing.

Conclusions: SVH-based optimization and evaluation is an effective tool for robustness
evaluation and robust optimization of IMPT plans. Studies need to be conducted to test the
methods for larger cohorts of patients and for other sites.
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