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Purpose: Understandingthe kinetics of tumor growth/shrinkagerepresentsa critical step in
quantitative assessmentof therapeutics and realization of adaptive radiation therapy (ART). We
establish a novel framework for image-based modeling of tumor change and demonstrate its
performance.

Methods and materials: Due to the non-conservationof tissue, similarity-baseddeformable models
are not suitable for describing the tumor growth/shrinkage process. Under the hypothesis that the
tissuefeaturesin thetumorvolumeor theboundary regionare partially preserved,we modelthe tumor
kinetics by a two-step procedure: (1) auto-detection of homologoustissue featuresshared by the
planning CT and subsequenton-treatment CBCT images using the Scale Invariance Feature
Transformation (SIFT) method; (2) establishmentof voxel-to-voxel correspondence between two
input imagesfor the remainingspatial points by a basis spline interpolation.The correctness of the
tissuefeaturecorrespondenceis doubly assuredby a bi-directionalassociation procedure, in which the
SIFT featuresaremappedfrom planningCT to CBCT andreversely. Only theassociationscommonto
both mappingsareusedin BSpline interpolation.A number of syntheticdigital phantomexperiments
andfive clinical HN casesare usedto assesstheperformanceof theproposedtechnique.

Results: Imagecontentsof thedigital phantoms aremodified in variousways. It is foundtheproposed
technique can identify any of the changesfaithfully. The subsequent feature-guided BSpline
interpolationreproduces the“groundtruth” with anaccuracybetterthan1.3mm.For theclinical cases,
the new algorithm works reliably for a volume change less than 30%, suggesting the time span
betweentwo consequent imagingsessionsshouldnot beunreasonablyfar awayin orderfor themodel
to function properly.

Conclusions:An image-basedtumor kinetic modelhas beendevelopedto betterunderstand the
tumor responseto radiation therapy. The techniqueprovidesa solid foundation for future head-
and-neckART.


