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Purpose:
To demonstratethat thenumberof IMRT plansneededto fully representthe
trade-off spacein multi-objectiveoptimization is small (<50).
Methodand Materials:
For clinical IMRT cases,we computea databaseof Paretooptimalplans
usingestablishedmethods. A treatmentplanis Paretooptimalif theredoes
not existanotherplan which is betterin at least oneobjectiveandat leastas
goodin every objective. We analyzeParetooptimalplan databases by three
methods.Thefirst methodexaminesthepoints asthey are added
sequentially, andfor eachnewly addedpoint we determinehow “new” that
point is (i.e. how far thatpoint is from theconvexhull of thepreviously
generated points). Principalcomponent analysis(PCA) on theset of
beamletsolutionsis usedto understandtheshapeof thePareto surfacein
beamletspace. Correlationsbetweenobjectivesarefoundby computing
Spearmancorrelation coefficientson eachpair of objectives.
Results:
We computePareto surfacesfrom 3 to 10 dimensionsfor pancreas,prostate,
and braincases.For all cases,we find that afterabout 40 plans,
subsequentlygeneratedplansareverycloseto what can beachievedby
averaging the previousplans. Therefore,allowing for averaging of plans,
which is possible if theplanshavenot beensequencedyet, the entire Pareto
surfacecanbe well approximatedby a small number of plans.
Conclusion:
Sincetheshape of thefeasible setis relatively simple,asdemonstratedby
PCA, thePareto surfaceis simpleto describe,regardlessof the numberor
typesof objectivesused. Once plansthatspanthis spacearecomputed,
furtherplansdo not addto the diversityof solutionsavailable. Basedon the
analyses,we offer a simplified strategyfor finding a small set of spanning
Paretooptimal plans.


