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Application of multi-criteria plan quality assessment system in rectal cancer
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Abstract: Objective To analyze the dosimetric differences between two techniques for rectal cancer with an automatic plan
assessment system, and to establish a basis for refining the automatic planning process. Methods Twenty cases of rectal cancer
were selected. Intensity-modulated radiotherapy (IMRT) technique was applied in 10 cases and Rapid Arc technique in the other
10 cases. The planning data of patients were imported into PlanIQ software to create plan quality metrics based on RTOG protocol
and TG report files. The criterions included target coverage, homogeneity index, conformity index, and the dosimetric indicators
of femoral head, small intestine, bladder and other organs-at-risk. After the integration of plan quality metrics, a rectal cancer
plan quality assessment system was established. The established assessment system was used to score each criterion and compare
the corresponding dosimetric parameters. Results The target coverage and hot spot in Rapid arc group were better than those
in IMRT group, with statistical significance. The organs-at-risk sparing in Rapid arc group was superior to IMRT group except
small intestine, and the differences in the Vs, Dy 0f small intestine, the V.o, D, of femoral head, and the V., V.s of bladder were
statistically significant (P<0.05). No significant differences were found between the two groups in homogeneity index and
conformity index (P>0.05). According to the final scores obtained by quality assessment system, Rapid arc was proved to be better
than IMRT, and the differences in scores were statistically significant (£<0.05). Conclusion Multi-criteria plan quality assessment
system can effectively evaluate programs, reduce the workload of program reviews, and provide a good source of data for the
databases of automatic planning.
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Fig.1 Definition of plan quality assessment method

Maximum Middle range Minimum
Structure Parameter
Score Criterion Score Criterion Score Criterion
PTV Dos 20 =50 Gy 0.1-19.9 45.5-50.0 Gy 0 <45.5 Gy
Vier 20 <5% 0.1-19.9 4.90%-10.01% 0 >10.01%
Do 10 <52 Gy 0.1-9.9 52-55 Gy 0 >55 Gy
CI 5 =1 0.1-4.9 0.5-1.0 0 <0.5
HI 5 <0.05 0.1-4.9 0.05-0.20 0 =0.2
Small intestine Vs 5 <180 cc 0.1-4.9 180-230 cc 0 >230 cc
Vi 5 <130 cc 0.1-4.9 130-160 cc 0 >160 cc
Vs 5 <65 cc 0.1-4.9 65-90 cc 0 >90 cc
1D 10 <55 Gy 0 >55 Gy
Femoral head R Vi 5 <10% 0.1-4.9 10.00%-15.01% 0 >15.01%
Vs 5 <5% 0.1-4.9 5.00%-10.01% 0 >10.01%
Do 5 <50 Gy 0 >50 Gy
Femoral head L Vi 5 <10% 0.1-4.9 10.00%-15.01% 0 >15.01%
Vs 5 <5% 0.1-4.9 5.00%-10.01% 0 >10.01%
1D 5 <50 Gy 0 >50 Gy
Bladder Vi 5 <40% 0.1-4.9 40%-55% 0 >55%
Vis 5 <I5% 0.1-4.9 15%-30% 0 >30%
Dix 10 <55 Gy 0 >55 Gy

PTV: Planning target volume; CI: Conformity index; HI: Homogeneity index
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Tab.2 Dosimetric comparison between IMRT group and Rapid arc group
Parameter Rapid arc group IMRT group tvalue P value
PTV
Duy/Gy 48.70+1.97 50.36+0.53 2.580  0.032
CI 0.86+0.35 1.08+0.04 -1.951 0.083
HI 0.10+0.037 0.09+0.01 -1.083 0.307
Vil % 1.48+2.02 12.23+9.05 3.637  0.005
Dua/Gy 54.37+0.65 55.50+0.56 -3.945 0.003
Small intestine
Vis/ce 102.59+50.44 70.26+44.85 -1.265 0.238
Valce 68.07+38.41 38.01+27.09 -1.724  0.119
V.s/ce 46.54+28.59 15.08+12.01 -2.941 0.016
D,/ Gy 53.00+0.81 51.74+1.45 -2.613 0.028
Femoral head R
Va/% 2.03+1.85 6.73+4.50 2.651  0.026
Vis/% 0.12+0.24 1.37+2.10 1.815  0.103
Du/Gy 44.38+3.33 48.10+2.27 2.569  0.030
Femoral head L
Vaul% 1.81+2.70 7.724+3.76 3.585  0.006
Vis/% 0.16:+0.43 1.66+1.52 2.782  0.021
Dua/ Gy 44.23+2.98 49.50+1.84 3.447  0.007
Bladder
Vi/% 38.39£10.12 69.48+15.74 5.093 0.001
Vis/% 29.91+9.70 53.91+12.73 4.654  0.001
Dua/Gy 53.42+1.72 54.41+0.85 1.743  0.115
IMRT: Intensity-modulated radiotherapy
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