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Purpose

To develop a prototype treatment planning system for Arc-Modulated Radiation Therapy
(AMRT), which deliverstheoptimal radiation distribution with only onebeamrotation.

Method and Mater ials

The AMRT planning starts with inverse planning, typically using 36 equally-spaced(fixed)
beams and producing 36 continuous intensity maps. After inverse planning, an AMRT leaf
sequencingalgorithmconvertsthe optimized intensity patternsto a sequence of MLC apertures
along a single arc. Finally, a homegrown Monte-Carlo superposition-based dose calculation
engineis usedto quickly and accuratelyevaluatetheplanqualities.

A big challengeto AMRT is leaf sequencing. Our algorithm is basedon a key observationthat if
eachoptimized intensity patternis deliveredthrough its neighboring beamangleswithin a ±5º
range,there is only negligible error on the resulting dose distribution. Thus, the sequencing
problembecomes how to guaranteetheinterconnectednessof theMLC apertures along the single
arc, while reproducingor closely approximatingthe optimizedintensity patterns. We modelthis
problem as computing shortestpaths in directed acyclic graphs, and solve it efficiently using
various algorithmic techniques.

Results

We applied our AMRT approach to 18 clinical caseswith a wide rangeof treatment sites.In
termsof doseconformity, we observed that AMRT plans outperform gantry-fixed IMRT plans
andrival intensity-modulatedarc therapy(IMAT) plans. In termsof delivery efficiency, AMRT
plansaremuch moreefficient andcanbe deliveredin lessthan5 minutesfor complexhead-and-
neck cases.TheAMRT planning time is currently about 1-2 hours.

Conclusion

We developed a prototype treatmentplanning system for AMRT, which delivers the optimal
radiation distribution with only one beam rotation. Experimental studies demonstrated the
potentials of our newapproachto dynamicIMRT which warrants further investigations.


