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Local controlby radiationtherapyrelatesdirectly to thedosedeliveredto thediseased
tissue, but canbelimited by thedosetoleratedby adjacentstructures.This axiomhas
guidedclinical practiceinto a number of technologicalshifts overthepastseveral
decades.Intensity-modulatedradiotherapy(IMRT) has emergedasanimportant meansto
achievehigherdosesandto intensify treatment,while simultaneously decreasingthedose
in normaltissues.However, theproximity of critical normalorgansto diseaseand
geometricuncertaintiesarisingfrom organmovementcontinueto presentsignificant
challengesin someanatomical sites.

Advancesin image-guidedradiation therapy(IGRT) permitmorefrequentsoft-tissue
imagingin thecourseof treatment delivery,creatingopportunitiesto enhancethe
accuracyandprecisionof treatment. A framework for consideringimage-guidance
strategiesandtheir implicationsfor treatmentplanningis required.For example,target
localizationcanimprovegeometricaccuracyin theon-line setting;i.e.,duringtreatment
delivery. An off-line statistical analysisof a patient’s imagescanalso enhance precision
by supportingtheadaptation of margins. Evena completere-optimizationof theplan is
possible, in responseto systematicanatomical changesaccumulatedwith theprogression
of treatment. Frequentre-optimizationis potentiallyinefficient andexpensive,within the
constraints of currenttechnologies,clinical practices, andQA standards.Clearly, there
are trade-offs between thelevel of effort requiredto anexploit IGRT for adaptivere-
planning,and thepotential benefits of re-planning.Theconcept of robust optimization
pointsto thepossibilitydesigning treatmentplansthat aretolerant to uncertaintiesin
treatmentdelivery.Robust plansmayreduce theneedfor routinere-planningin response
to variationsin patientsetup,organmovement,or progressive changesleadingto organ
deformation.

This presentationreviews clinical experience with IGRT, and explorestheimplications,
opportunitiesandchallenges for treatmentplanningin theeraof IGRT. Thecentral
principlesof usingIGRT in IMRT treatmentplanningwith respectto requirementsfor
adaptivere-planningand thedesign of robust IMRT treatments. 
 

Educational objectives:

1. To reviewill ustrateclinical applicationsof IGRT.
2. To describehow theadoptionof IGRT can influenceexternalbeam treatment

planning.
3. To outlinehow IGRT informationis usedfor re-planningof IMRT treatments,

andin thedesign of plans that aretolerantto uncertainties in treatmentdelivery.


