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Optimal gantry angle setting in volumetric modulated arc therapy for rectal cancer

WANG Bei*, QUAN Hong", QIU Jie?, YANG Bo?, PANG Ting-tian? LIU Xia’, LIU Nan’, DONG Ting-ting®

1. School of Physics and Technology, Wuhan University, Wuhan 430072, China; 2. Department of Radiotherapy, Peking Union Medical
College Hospital & Chinese Academy of Medical Sciences, Beijing 100730, China

Abstract: Objective To investigate whether it is need to avoid the bladder in volumetric modulated arc therapy (VMAT) for
patients with rectal cancer. Methods The CT images of 12 patients with rectal cancer were randomly selected to contour the

target volume and organs at risk. Seven plans without avoiding bladder, and respectively avoiding 30°-330°, 40°-320°, 50°-
310°, 60°-300°, 70°-290°, 80°-280° were designed for the same CT image. Two rotating arcs were adopted by each plan to
irradiate. The dose distributions of target volumes and organs at risk were evaluated. The variance analysis method was
applied to analyze whether there were the significant differences among the different avoiding methods. The optimal
avoiding method was researched, and the reasons were analyzed. Results The target coverage of 7 plans met the clinical
requirements. For the plan without avoiding the bladder among the 7 plans, the conformity index and homogeneity index of

target volume were the optimal (P=0.000, P=0.000), and the planning target volume (PTV) covered by 95% prescribed dose
(PTVgs) was the largest (P=0.000), and the PTV covered by 105% prescribed dose (Viss), Dmean, Dmax, Ds Were minimum (P=

0.000, P=0.000, P=0.000, P=0.000), and the V., Vs, D OF bladder were the lowest (P=0.044, P=0.043, P=0.000), and the
Dnex Of small intestine, bone marrow, body were the lowest (P=0.039, P=0.000, P=0.000). The V, of the bladder in plan

avoiding 60°-300° is lowest (P=0.005). No significant differences were found in other measurements concerned with angle
changes. Conclusion The plan without avoiding bladder can be applied in VMAT for patients with rectal cancers, and two
rotating arcs can be adopted to irradiate.
Key words: rectal cancer; volumetric modulated arc therapy; bladder; gantry angle; organs at risk
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Tab.1 Dose distribution of target volumes in 7 plans (Mean+SD)

Angle/®
Item P value
None 30-330 40-320 50-310 60-300 70-290 80-280

Veos/% 99.96+0.27 99.93+0.42 99.92+0.37 99.91+0.42 99.91+0.45 99.87+0.52 99.83+0.55 0.000
V 105/ % 11.51+7.16 16.40+6.35 16.38+7.20 18.67+6.36 19.77+6.46 27.47+6.33 31.55+6.79 0.000
V1% 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.01+0.03 0.09+0.29 =

Diean/ Gy 51.52+0.17 51.62+0.16 51.60+0.17 51.65+0.16 51.66+0.16 51.84+0.14 51.93+0.16 0.000
Dl Gy 53.93+0.42  54.29+0.31  54.36+0.38  54.43+0.33 54.51+0.37 54.96+0.31  55.22+0.53 0.000
HI 1.05+0.01 1.06+0.00 1.06+0.01 1.06+0.01 1.06+0.00 1.07+0.01 1.07+0.01 0.000
Cl 0.93+0.01 0.92+0.01 0.91+0.01 0.90+0.01 0.90+0.01 0.88+0.02 0.88+0.02 0.000

SD: Standard deviation; HI: Homogeneity index; Cl: Conformal index



- 900 - 2 Bl ek 933%:
2.2 OARFIEHZR Dunean B AHIT , A 3hE TF K1 14 /N (P=0.039) | ‘& i (P=

7RI A IS B Vs Vio . Vao . Drnean I AT, (EEE T 0.000) . Body (P=0.000) 1) Dy i AEK , 7 F R 8 26 47
60°~300° [ 11Xl Voo (1) I (P=0.005) , ANkt 14 1) ek DXAHIT , LA TE LR 2,
Vo Vo . Do B/ (P=0.044, P=0.043, P=0.000) , 7F 2.3 MUZE
TR /N B 86 L Body AY Vs, Ve Vao . Vao . Vio Vo 7RI A MU AL (P=0.781, % 2) .

2 TN RBETNELR(£+s)
Tab.2 Dose distribution of organs at risk in 7 plans (Mean+SD)

Angle/®
Item P value
None 30-330 40-320 50-310 60-300 70-290 80-280
Bladder Vsl% 100.00+0.00 100.00+0.00 100.00+0.00 99.94+0.20 99.99+0.02 100.00+0.00 100.00+0.00 -
Vi1/% 99.70+1.01 99.16+1.93 99.25+1.76 98.06+4.32 98.29+4.72 98.72+2.65 99.73+0.80 -
Vaol% 79.29+9.62 72.96+8.99 73.70+8.67 68.05+8.67 66.31+7.93 71.82+8.62 76.64+7.11 0.005
Vaol% 40.1445.53 41.92+6.37 43.62+6.43 42.11+7.07 41.7248.31 44.12+8.03 48.49+9.15 0.158
V.ol% 22.51+6.27 24.43+6.68 26.35+7.07 26.77+7.56 27.82+8.43 30.92+9.51 32.57+9.84 0.044
Vsi/% 8.96+3.59 10.29+4.04 11.81+4.16 11.97+4.24 12.66+5.24 14.27+5.38 14.77+5.82 0.043
Dinear/ Gy 29.84+1.70 29.73+2.07 30.31+2.05 29.51+2.25 29.46+2.61 30.78+2.57 32.02+2.78 0.096
Drad GY 53.22+0.41 53.53+0.48 53.57+0.49 53.79+0.49 53.91+0.52 54.23+0.47 54.57+0.71 0.000
isnTeiltline V% 59.87+7.46 61.27+7.20 61.75+6.98 62.15+6.99 62.67+6.12 63.10+6.65 63.20+6.84 0.914
Vi1/% 48.82+7.70 48.54+7.08 48.43+7.32 48.99+7.33 49.17+7.53 51.17+7.86 51.28+7.32 0.925
Vaol% 37.12+6.94 33.70+9.04 32.23+9.64 29.80+8.87 28.68+9.16 27.06+9.31 27.768.92 0.075
V% 17.35+7.55 17.03+7.28 16.52+7.69 15.17+7.03 14.57+6.96 13.43+6.65 13.06+6.53 0.649
V.l% 7.75+4.47 7.85+4.67 8.13+4.76 7.84+4.79 7.96+4.97 7.91+5.02 7.85+4.87 1.000
Vso/% 2.35+2.05 2.49+2.13 2.46+2.08 2.57+2.23 2.57+2.09 2.78+2.29 3.15+2.46 0.982
Dineanl Gy 15.42+2.56 15.13+2.72 14.99+2.86 14.65+2.70 14.58+2.77 14.48+2.81 14.57+2.74 0.975
Drad GY 51.65+0.92 51.87+0.83 51.83+0.85 52.07+0.89 52.06+0.84 52.38+0.70 52.81+1.10 0.039
?T?:rerow V% 94.13+5.93 94.45+5.88 94.67+5.82 94.63+5.89 94.70+5.86 94.44+5.81 93.99+5.58 1.000
V1/% 88.78+6.55 88.37+6.55 88.55+6.53 87.93+6.46 87.7316.47 87.28+6.39 86.57+6.38 0.984
V.ol % 77.94+6.66 76.51+7.16 76.81+7.62 76.47+8.06 76.28+7.79 74.74+8.23 72.64+8.30 0.729
Vao/% 50.36+6.33 53.72+4.91 54.54+5.48 54.89+5.09 55.06+5.87 54.35+4.93 53.4245.51 0.405
V.ol% 20.79+5.36 23.34+5.45 24.67+5.70 25.62+5.82 25.66+5.45 26.73+5.73 25.95+4.86 0.150
V% 5.48+2.66 5.81+2.66 6.26+3.93 6.62+2.87 6.67+3.09 7.23+2.06 7.25%2.86 0.689
Dinear/ Gy 29.21+2.02 29.66+1.95 29.99+2.11 30.09+2.13 30.11+2.19 29.98+2.10 29.48+2.15 0.920
D/ Gy 53.68+0.48 53.97+0.43 53.88+0.47 54.15+0.33 54.29+0.46 54.64+0.51 54.98+0.61 0.000
Body V% 45.66+5.00 46.09+5.05 46.39+5.18 46.27+5.16 46.38+5.17 46.23+5.03 45.99+5.05 1.000
V1/% 39.57+4.37 39.01+4.59 38.88+4.74 38.39+4.82 38.21+4.78 37.80+4.74 37.48+4.45 0.938
Vaol% 24.92+3.40 25.33+3.33 25.44+3.31 25.30+3.15 25.41+3.30 25.18+3.02 25.23+3.09 1.000
Va/% 12.69+2.30 13.43+2.31 13.85+2.31 14.13+2.23 14.34+2.21 14.69+2.10 15.02+2.10 0.189
V.ol% 8.05+1.58 8.30+1.64 8.47+1.69 8.51+1.69 8.66+1.69 8.88+1.77 8.99+1.70 0.844
Vol % 5.47+1.04 5.54+1.07 5.61+1.08 5.65+1.07 5.68+1.07 5.77+1.10 5.79+1.09 0.991
D GY 11.85+1.41 11.98+1.44 12.06+1.47 12.03+1.45 12.07+1.45 12.09+1.41 12.10+1.41 1.000
Do/ Gy 53.93+0.42 54.29+0.31 54.36+0.38 54.48+0.34 54.52+0.38 54.98+0.32 55.31+0.66 0.000
Left femur Ds/Gy 36.79+2.83 37.67+2.47 37.90+2.52 38.97+2.84 39.00+2.42 38.37+2.28 36.80+2.73 0.188
Right femur Ds/Gy 36.14+3.67 37.16x2.54 37.24+2.98 37.96+3.54 37.81+3.50 37.53+3.93 36.41+2.68 0.822
Monitor unit 601.58+54.24 594.92+104.12 607.17+83.59 585.58+82.96 616.92+81.07 604.42+124.47 597.51+91.42 0.781
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