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Purpose: Theaim of this work was to developthe formalismfor, andexperimentallyverify, radiotherapydelivery to
tumors undergoingspatial andmorphologicalchangesinducedby respiration.

Method and M aterials: To determine theleaf sequenceto bedeliveredat a given time basedon a 4D plan,

( ),PlanL M θ , in which theleafsequencevariesnot only with monitor units, M , but alsorespiratory phaseθ canbe

summarizedby ( ) ( ) ( ) ( ), , , , , ,Del Plan Del PlanL t L M R T x y z T x y zθ θ= + −   whereT is the3D target positionand

L areleaf positions. A 4D treatmentplan of a translating,rotating,deformingtumor exhibitinghysteresiswith values
well abovethosetypically observedclinically wascreated.The theory derivedwas coded into a prototype4D MLC
controller. Thetreatment planwasloadedontothecontroller,and deliveredon a linear accelerator. The motion was
detectedby themonitoringof themarker block by theRPM system. TheRPM signal was output in real time to the
MLC controller thatreshapedthebeamaccordingto thepositionandphase of theincomingsignal. An EPID,
operating in cine modewasusedas the detector.

Results: Thetreatment planfrom phase T0-T9 matchedthereal-time EPID images. TheEPID images demonstrate
the ability of theMLC leaves,driven basedon thetheoryderivedabove,to conformto spatial andmorphological
changes.

Conclusion: A theoryhasbeendevelopedto deliver4D plans in which theleaf sequencescan varyasa function of
phaseto accountfor thespatial andmorphologicaltumorandnormaltissuechangeswith respiration. This theory has
beenintegratedinto a MLC controller. A 4D radiotherapytreatmentplanthatincludestranslation,rotation, hysteresis
and deformation wasdelivered. Themethodallowsfor variablerespiratorypatternsduring treatment delivery.
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