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Automatic treatment planning based on the degree of overlap between OAR and PTV
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Abstract: Objective To establish a mathematical model of differential dose-volume histogram (DVH) according to the
anatomical structure of prostate cancer patients for predicting the DVH of organs-at-risk (OAR) sub-blocks, and to improve
the quality and efficiency of treatment plan by the accurate prediction of the DVH of OAR and automatic treatment planning.
Methods Nine of 17 prostate cancer patients were randomly selected as training set and the rest as test set. Planning target
volume (PTV) was expanded to cover OAR, and the OAR in the expanded area was successively separated into sub-blocks
with a thickness of 3 mm. According to the skewed normal Gaussian function, a precise mathematical model of sub-block
differential DVH was established for analyzing the relationship between the degree of overlap between OAR and PTV and
sub-block differential DVH. The script program based on Pinnacle’ was used to obtain the OAR sub-blocks of 8 patients in
test set, and each OAR differential DVH was predicted to guide the plan. Results The smaller the degree of overlap between
OAR and PTV was, the more obvious the variation of differential DVH was. The homogeneity index and conformity index of
automatic plan were superior to those of original plan (=-1.871, 3.742; P<0.05). The V,,, of PTV in automatic plan was
decreased, while V,,,, was increased, but the differences were not statistically significant (P>0.05). Compared with those in
original plan, the V,,, V,, V,, (&=-2.471, -3.439, -2.376; P<0.05) and V,, (P>0.05) of the bladder in automatic plan were
lower; and the V., V., V5 and V,, (=-2.540, -3.416, -2.666, -2.777; P<0.05) of the rectum were also decreased. The
correlation analysis showed that the differences of the V,,, V,, V,, and V,, of the bladder between automatic plan and original
plan were negatively or positively correlated with the degree of overlap (correlation coefficient=-0.357, -0.976, -0.857, 0.381;
P=0.385, 0.000, 0.007, 0.352), but there was no statistical significance between the differences of V., and V,, and the degree
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of overlap. Conclusion The automatic treatment plan for prostate cancer designed using the precise DVH prediction model

based on the degree of overlap between OAR and PTV increases target dose and decreases OAR irradiation dose.

Keywords: prostate cancer; degree of overlap; automatic planning; organs-at-risk; dose-volume histogram
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Fig.1 Sub-block segmentation of the bladder
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Fig.2 Degree of overlap between the bladder and planning
target volume (PTV)
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Fig.3 Fitting of bladder sub-blocks A, (i=1, 2, 3, 4) in 9 patients
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Tab.1 Degree of overlap between the bladder and PTV in training set
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Fig.4 Automatic treatment planning based on the degree of overlap between organs—at-risk (OAR) and PTV
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Fig.5 Isodose curves between automatic plan and original plan
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