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Effect of collimator angle on postoperative cervical carcinoma volumetric modulated
therapy plan

CHEN Ya-zheng, XIAO Ming-yong, SUN Chun-tang, LIAO Xiong-fei, XU Jing-hui, KANG Sheng-wei, LI Jie, WANG Pei
Department of Radiation Oncology, Sichuan Cancer Hospital, Chengdu 610000, China

Abstract: Objective To investigate the effect of collimator angle on postoperative cervical carcinoma volumetric modulated arc
therapy (VMAT) plan. Methods The VMAT plans (CCW179°-181°, CW181°-179°) with different collimator angles including
(0°,0°), (0°,10°), (0°,20°), (0°,30°), (0°,45°), (-10°,10°), (-20°,20°), (-30°,30°), (-45°,45°) were designed for a case with cervical
carcinoma after operation. Among the 9 plans designed by using Varian Eclipse system, angles of the plans with the best and worst
dosimetric parameters were screened out and applied to 20 postoperative cervical carcinoma patients. The conformal index (Cl),
homogeneity index (HI), the Vi, Vo, Vo, Vo OF organs at risk (OAR), mean dose (D), and monitor units were compared between
the two groups. The paired t test of SPSS software was used to statistic the dose parameters of target volumes and OAR. Results
The CI, HI and volume-dose parameters of OAR (such as bladder, rectum) of 9 plans were shown in line chart. The collimator
angles of the plans with the best and worst dosimetric parameters were respectively (0°,30°), (0°,0°). Between the two groups
of (0°,30°) and (0°,0°) treatment plans for 20 postoperative cervical carcinoma patients, HI and CI of planning target volume
in (0°,30°) plan were superior to those in (0°,0°) plan (HI: t=6.666, 6.231, 15.464; CI: t=6.650, 6.35, 14.981, P<0.05). The Vx,
V.o, Drean OF bladder decreased by 13.5%, 3.4%, 3.7% respectively (t=4.649, 4.511, 3.833, P<0.05), and the V, Vo, Drean OF rectum
decreased by 13.4 %, 30.3%, 6.6% respectively (t=4.945, 4.455, 8.864, P<0.05), and the Vo, V4, Drean Of small intestine reduced
by 30.2%, 48.4%, 2.7% respectively (t=3.972, 4.077, 9.604, P<0.05). However, the average monitor units with a planning delivery
increased by 12.7% (t=7.028, P<0.05). No obvious characteristics were found in left and right femoral head and sacrum.
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Conclusion The collimator angle has significant impacts on the postoperative cervical carcinoma VMAT. During the process

of postoperative cervical carcinoma VMAT planning, collimator angle should be taken into account in order to design a more

optimized and effective treatment plan.
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Tab.1 Target dosimetric parameter comparison of 9 plans
Target Collimator angle Desoi/CGY Desi/CGY Dsoi/CGY D.w/cGy Cl HI
PCTV1 (0°,0°) 4431.39 4 476.82 4709.41 4930.87 0.768 0.106
(0°,10°) 4 458.26 4514.87 4733.47 4901.34 0.830 0.094
(0°, 20°) 4501.01 4549.27 4 741.65 4 856.50 0.899 0.075
(0°,30°) 4 559.68 4561.90 4721.53 4847.27 0.964 0.061
(0°, 45°) 4530.04 4570.01 4707.48 4828.76 0.900 0.063
(-10°, 10°) 4 464.21 4514.17 4721.10 4 846.02 0.843 0.081
(-20°, 20°) 4508.40 4556.72 4725.74 4847.01 0.896 0.072
(-30°, 30°) 4 552.60 4599.07 4774.53 4.895.29 0.949 0.072
(-45°, 45°) 449411 4534.87 4693.13 4 860.60 0.828 0.078
PCTV2 (0°,0°) 4593.70 4 626.80 4747.11 4817.93 0.981 0.047
(0°, 10°) 4612.79 4 655.35 4753.95 4813.21 0.988 0.042
(0°, 20°) 4 605.67 4632.34 4751.38 4818.25 0.981 0.045
N (0°, 30°) 4614.91 4638.20 4723.80 4.837.99 0.991 0.047
(0°, 45°) 4 602.47 4619.49 4726.03 4 810.63 0.983 0.044
(-10°, 10°) 4557.22 4590.74 4725.39 4811.07 0.932 0.054
(-20°, 20°) 4611.59 4 643.57 4741.16 4807.10 0.991 0.041
(-30°, 30°) 4621.25 4 651.86 4763.69 4877.21 0.981 0.054
(-45°, 45°) 4563.73 4601.08 4747.42 4829.13 0.954 0.056
PCTVIn (0°, 0°) 4293.32 4 359.09 4 650.95 4 883.57 0.611 0.127
(0°, 10°) 4329.77 4399.85 4671.72 4 885.61 0.661 0.119
(0°, 20°) 4412.82 4475.12 4699.04 4 858.97 0.775 0.095
(0°,30°) 4538.23 4598.65 4714.85 4.814.00 0.930 0.058
(0°, 45°) 4 487.66 4535.78 4710.88 4834.48 0.857 0.074
(-10°, 10°) 4368.74 4 436.16 4681.03 4851.32 0.706 0.103
(-20°, 20°) 4 461.80 4518.62 4713.31 4 855.33 0.846 0.083
(-30°, 30°) 452451 4573.19 4765.63 4.896.59 0.923 0.078
(-45°, 45°) 4 449.71 4501.86 4693.41 4859.84 0.792 0.087
PCTV: Planning clinical target volume; CI: Conformal index; HI: Homogeneity index
R2 IMRINGRBEFRFESHLER
Tab.2 OAR volume dose parameters comparison of 9 plans

OAR Collimator angle V2ol % Vol % Vil % Diean/ CGY Di./cGYy

Rectum (0°,0°) 98.7 77.9 31.9 3620.6 4761.13

(0°, 10°) 98.0 72.1 31.2 3447.4 4781.82

(0°, 20°) 98.1 62.7 26.7 33914 4802.94

(0°, 30°) 61.9 37.7 16.4 3359.3 4781.44

(0°, 45°) 97.5 51.9 242 3256.1 4786.44

(-10°, 10°) 97.5 71.0 29.6 3509.2 4797.46

(-20°, 20°) 97.1 54.6 24.4 3285.1 4 785.07
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#23% 2(Continued Tab.2)

OAR Collimator angle V2ol % Vao/% Vaol% DreanlCGY D../cGy
(-30°, 30°) 97.3 52.9 245 3266.1 4825.74

(-45°, 45°) 95.3 52.2 26.0 3236.3 4727.92

Bladder (0°,0°) 100.0 72.6 28.9 3527.6 4722.38
(0°, 10°) 98.5 66.3 27.3 3447.4 4699.02

(0°, 20°) 97.8 67.1 27.0 3470.9 4719.47

(0°, 30°) 89.0 34.3 15.6 3396.3 4691.01

(0°, 45°) 95.0 61.9 27.7 3345.7 4 690.57

(-10°, 10°) 100.0 66.4 26.3 3448.8 4690.06

(-20°, 20°) 100.0 67.6 26.1 3453.1 4703.42

(-30°, 30°) 99.5 66.4 29.6 3450.8 4740.31

(-45°, 45°) 100.0 67.0 30.5 34713 4 674.45

Intestine (0°, 0°) 518 24.5 9.8 23415 4696.71
(0°, 10°) 55.3 23.8 8.9 23373 4730.16

(0°, 20°) 55.4 214 6.4 22953 4588.89

(0°, 30°) 51.0 17.1 4.1 2279.4 4 263.85

(0°, 45°) 63.5 18.1 4.9 23445 4770.51

(-10°, 10°) 54.7 22.9 7.0 2294.8 4672.29

(-20°, 20°) 55.9 18.4 5.0 22853 4 556.54

(-30°, 30°) 58.8 18.7 5.1 23415 4 585.40

(-45°, 45°) 66.0 20.8 5.9 24173 4 549.80

Left femoral head (0°,0°) 47.8 9.9 0.0 2052.2 3614.66
(0°, 10°) 56.7 10.9 0.0 2159.0 3 666.96

(0°, 20°) 54.99 9.62 0.0 21437 3542.90

(0°, 30°) 59.8 7.6 0.0 21958 3473.33

(0°, 45°) 66.4 8.8 0.0 2283.8 3240.18

(-10°, 10°) 62.3 14.9 0.0 2257.7 3784.34

(-20°, 20°) 65.5 10.1 0.0 2244.0 3455.03

(-30°, 30°) 82.8 13.7 0.0 2504.5 3541.01

(-45°, 45°) 73.9 121 0.0 2393.9 3488.63

Right femoral head (0°, 0°) 37.8 11.9 0.0 1954.6 3673.19
(0°, 10°) 36.7 12,5 0.0 1941.2 3642.42

(0°, 20°) 45.15 1815 0.0 2030.7 3636.91

(0°, 30°) 47.4 8.99 0.0 2043.0 3452.56

(0°, 45°) 48.8 7.4 0.0 2036.3 3252.33

(-10°, 10°) 38.6 111 0.0 19719 3678.50

(-20°, 20°) 54.6 9.2 0.0 2 140.0 3543.74

(-30°, 30°) 59.2 7.2 0.0 2134.2 3508.85

(-45°, 45°) 65.9 7.5 0.0 22253 3506.16

Sacrum (0°,0° 97.7 66.8 29.5 3439.6 4753.23
(0°, 10°) 96.2 66.2 28.9 34158 4734.82

(0°, 20°) 96.5 66.3 28.1 3412.2 4766.44

(0°, 30°) 96.3 64.2 271.7 SO 4776.55

(0°, 45°) 95.7 66.8 28.0 3397.8 4777.34

(-10°, 10°) 96.4 70.1 28.9 3458.3 4758.16

(-20°, 20°) 95.9 61.4 27.3 3346.7 4748.67

(-30°, 30°) 99.1 65.1 29.7 34440 4 813.04

(-45°, 45°) 97.8 71.1 29.6 34727 4726.28

OAR: Orangs at risk
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Fig.1 Line charts of dosimetric parameters of planning target volume and OAR with 9 different collimator angles

P1, P2, P3, P4, P5, P6, P7, P8, and P9 represented the plan with the collimator angles of (0°, 0°), (0°, 10°), (0°, 20°), (0°, 30°), (0°, 45°), (-10°, 10°), (-20°,
20°), (-30°, 30°), and (-45°, 45°), respectively. The Fig.1a and b respectively represented HI and ClI, and the fig.1c, d, e, f respectively showed the

changing trend of Vz, Vo, Vi 0Of organs such as rectum, bladder, small intestine and bones. Dose of one cubic centimeter for organs was shown in

fig.1g, and D Of organs was shown in fig.1h.
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Tab.3 Dosimetric parameters of targets and OAR of two groups of plans with collimator angles of (0°, 0°) and (0, 30°)

Target Parameter (0°,0°) (0°,30°) t value P value
PCTV1 Dees/CGY 4 454.70+42.55 4 487.07+52.18 2.797 0.014
Desi/CGY 4 503.84+38.42 4 530.76+47.20 2.009 0.063
Dsow/CGY 4720.41+47.20 4710.03+24.63 1.468 0.163
Daav/CGY 4 904.33+40.62 4 835.80+16.10 7.900 0.000
HI 0.095+0.015 0.074+0.012 6.666 0.000
Cl 0.81+0.06 0.86+0.06 6.650 0.000
PCTV2 Dee/CGY 4 506.67+54.04 4 526.92+57.55 3.624 0.002
Desi/CGY 4 556.92+49.08 4 570.78+48.05 2.164 0.047
Dsoi/ CGY 4738.48+22.61 4728.05+18.69 1.785 0.094
Do/ CGY 4 851.12+31.74 4 822.81+14.80 3.633 0.002
HI 0.727+0.016 0.626+0.013 6.231 0.000
Cl 0.89+0.05 0.91+0.60 6.350 0.000
PCTVIn Desei/ CGY 4 209.00+93.85 4 433.15+63.51 14.381 0.000
Desy/CGy 4 286.91+89.27 4 482.91+73.81 10.675 0.000
Dsow/CGy 4 641.30+85.4 4 695.81+22.98 2.425 0.029
Do/ CGY 4 863.19+12.14 4 840.34+16.43 4.284 0.001
HI 0.141+0.02 0.086+0.015 15.464 0.000
Cl 0.56+0.11 0.79+0.08 14.981 0.000
Bladder Vao/% 72.06£15.23 62.30+£10.68 4.649 0.001
Vul% 28.90+8.50 27.90+3.20 4511 0.000
Dreanl CGY 3527.60+20.31 3396.30+18.69 3.833 0.000
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