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Purpose: Insteadof seeingrespiratorytumormotion asanobstacleto preciseplanningand
delivery,motioncanbe viewedasanadditional degreeof freedomin improving radiotherapy.
Using 4D approach,the dosefrom a givenbeamanglecanbespreadover differentpartsof
normaltissues,particularly serialstructuressuchasthe spinal codeand esophagus,while
targeting themoving tumor. Consequently,themaximumdoseto normal structuresfor the4D
plancanbelowerthanwhenthemotion inclusiveor gatedtreatments are used. Theaimof this
work wasto utilize anatomicmotion to improveIMRT plans.

Method and Mater ials: For a 4D CT scanof onelung cancerpatient (tumor motion of 2.1cm
andvolumeof 3 cm3), an IMRT planwascreated. Threebeamswere chosenwith thebeamangle
arrangementasfollows: thefirst beampassedthrough the spinal cordto the tumor, thesecond
passed throughtheesophagus to thetumor, andthethird passedthrough thetumor only. Four
different approacheswere applied: (1) gatedat exhale(GE), (2) gatedat inhale(GI), (3) motion
inclusive(MI), and(4) 4D.

Results: Themeanandmaximum dosesto serial structures aresignificantly decreasedin the4D
plan,compared to otherthreeplans. Thedosereceivedby 5% of volumeis reducedby 38%,
40%,and 36%for thespinal cordand29%,33%, and35% for theesophagusin the4D plan,
compared to theGE, GI, andMI plans,respectively.

Conclusion: Takingadvantageof respiratorytumor motion asanadditional degree of freedom
can substantially improve targetcoverageandsparenormal tissues. Up to 40% and35%
reductionin thehigh doseareaof thespinal cord andesophagus,respectively, wasobservedwith
4D IMRT planning.
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