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Introduction: 4-D PET/CT haspotentialto greatly improve the accuracy of radiotherapytargetdefinition for treatment sites
whereinternal organ motion is significant. While PET has an inherently greatercapacityto detect cancerthan CT, the best
methodology for applying 4-D PET to targetdefinition is not currently well understood. In our study, targetsof differentsizes
in a dynamicphantom wereimagedusing3-D and4-D PET/CT with the goal of betterunderstanding how to bestapply these
imagesto radiotherapytargetdefini tion.

Materials and Methods: Usinga PET/CTscanner with 4-D capability,3-D/4-D imagestudieswereacquiredusinga dynamic
phantom.Hollow spheres filled with 18F-FDG were inserted into a cavity within the phantommadeof material of a density
similar to lung. Recovery coefficients(RCs) were determined using 3-D and 4-D PET imagesacquiredwith the phantomin
static mode anda dynamicmodesetto simulaterespiratory motion.

Results: The activity concentrationin the spherefrom the 3-D PET imagescan be underestimatedby 40% (23%) in 2 cm (1
cm) motion. The4-D PET successfully recoversmostof the lossof activity concentrationresulting from therespiratorymotion
with 1% (4%) lossin 1 cm (2 cm) motion.We found that thepercentrecoveryslightly varieswith minimum 82%(93%) at the
middle of expirationandinhalation andmaximum 98% (99%) at the end of expirationandinhalation in 2 cm (1 cm) motionin
the4-D PETimages.

Conclusions: We demonstrate that the speedof respiratory motion at phase−sampling position affectsthe measured activities
of 4-D PET dueto spatialmismatch betweenthe 4-D PET and3-D CT images for attenuationcorrection.Therefore, RC loss
causedby respiratorymotionmaybeminimizedusing 4-D PETwith 4-D CT attenuationcorrection.


