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Feasibility of deformable image registration algorithm for interfractional dose calculation in

radiotherapy for prostate cancer
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Abstract: Objective To evaluate the feasibility of interfractional dose evaluation based on deformable image registration (DIR)
algorithm in the radiotherapy for prostate cancer. Methods A deformed cone beam CT (CBCT) with obvious registration errors
was generated by the DIR from cone beam CT (CBCT) to replan CT. Based on the rigid pelvic phantom-based noise model, peak
spectrum conversion method and layer-by-layer linear transformation method were used to correct the deformed CBCT and then
generate two sets of virtual CBCT in which the anatomical structures were consistent with those in replan CT. The two sets of
virtual CBCT were taken as the golden standard of DIR evaluation. The replan CT was taken as the baseline to evaluate the Gamma
passing rate of virtual CT generated by the DIR from planned CT to virtual CBCT. The evaluation coefficients of two groups
of virtual CT were compared, so as to verify the feasibility of converting replan CT to virtual CBCT. Moreover, the dice coefficient
of region of interest generated by deformation field mapping was evaluated, so as to verify the feasibility of semi-automatic
segmentation based on the deformation field in DIR. Results The Gamma passing rates (1 mm/1% and 2 mm/2%) of virtual CT
derived from two different set of virtual CBCT were(98.08+0.43)%/(97.95+0.37)% (P>0.05) and (99.53+0.08)%/(99.55+0.10)%
(P>0.05). The dice similarity coefficient of region of interest generated based on deformation field was 0.78-0.95. Conclusion
Virtual CBCT is a promising method to solve the problem that DIR algorithm lacks of golden standard and to verify the feasibility
of DIR-based algorithm to evaluate the interfractional dose in the radiotherapy for prostate cancer.
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Fig.1 Workflow of deformable image registration algorithm for interfractional dose calculation in

radiotherapy for prostate cancer which was verified based on virtual CBCT
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Fig.2 Frequency spectra of CBCT and replan CT after linear transformation with or without the exclusion of couch and air
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replan CT and the pixel values of a layer
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Fig.4 Noise spectrum of a rigid phantom and the noise spectrum generated by peak spectrum conversion and layer—by-layer linear transformation
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