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Purpose: To demonstrate, both in phantomand patient, the feasibilit y of approximating the subject’sdensitydistribution via an
average4DCT image(AVG-CT), calculatecumulative dosedeliveredduringrespirationwith this technique,andevaluatetheresults
with a full 4D dosesummation.

Method and Materials: A seriesof 4DCT numerical phantoms(9 phases,lungtumorexcursions2, 3, and 4 cm in S-I direction) and
their AVG-CT images were generated. For full 4D dosesummation, static dosewascalculated on eachphase,eachdosematrix was
sampledwith knowndisplacement,and dosewasaccumulatedoverall phases.Usingthesameclinical plan, theAVG-CT cumulative
dosewascalculatedby combining thestaticAVG-CT dose with known tumor displacement,andassuming thedosedistribution was
the samefor all phases. Four lung cancer caseswere also evaluatedfor stereotacticbody radiotherapyand conformal treatments.
Here, deformableimage registration was usedto generatethe patient-specific motion model from 4DCT. Doseaccumulationwas
analogous to phantom, however, eachphase’sdosematrix wassampled using the displacement vector field. Dosediscrepancy(D)
betweenfull 4D summationandAVG-CT approach wascalculatedandcompared.

Results: For all phantoms,AVG-CT approximationyieldedslightly highercumulative doses compared to full 4D summation, with
dosediscrepancyincreasing with increasedtumor excursion. In vivo, using theAVG-CT coupledwith deformable registrationyielded
a modestincreasein cumulative dose relative to full 4D dosesummation andnot at clinically applicable levels(D < 2%). Evenfor a
patient with substantial tumormotionnearthe diaphragm,dosediscrepancywaswithin 4%.

Conclusion: Simplifying 4D doseaccumulation via the AVG-CT, while fully accountingfor tumor deformation dueto respiratory
motion,hasbeenvalidated, thereby introducingthepotential to streamlinetheuseof 4D dosecalculationsin clinical practice.
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