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Dosimetric study of optimum treatment mode applied in five-field intensity-modulated radio-
therapy for postoperative cervical cancer
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Abstract: Objective To discuss on the optimum treatment mode applied in five-field intensity-modulated radiation therapy
(5F-IMRT) for postoperative cervical cancer. Methods Under the influence of four types of variables, including treatment
position, dose calculation algorithm, mulitleaf collimator (MLC) motion mode and X-ray energy, the dosimetric differences
on the target volume, organs at risk (OARSs) and normal tissue were compared by changing one variable at a time. The four
types of variables included eight variables, supine position and prone position, anisotropic analytical algorithm (AAA) and
pencil beam convolution (PBC) algorithm, sliding window (SW) and multiple static segments (MSS), 6 MV X-ray and 15
MV X-ray. Based on the above compared results, the dosimetric differences on planning target volume (PTV), OARs, and
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normal tissue between group A which comprised the superior four variables and group B which comprised the relatively

inferior four variables, were compared. The dosimetric parameters included the dose distribution of target volume, OARs
and normal tissues, conformal index (Cl), homogeneity index (HI), monitor units (MU) and treatment time (T). SPSS 19.0
software was used to analyze the data, and the independent sample and paired t-tests were chosen for statistical analysis. P<
0.05 indicated that differences were statistically significant. Results The mean dose (Dre.) 0f PTV, maximum dose (Dra) of
small intestine and Vs of bladder in prone position were lower than those in supine position. Compared with PBC
algorithm, the CI of PTV of AAA was larger, while the HI of PTV, Vs, of bladder, and D,.x of rectum of AAA were lower.
Compared with MSS, the CI of PTV and MU of SW were larger, and the T of SW was longer, while the HI of PTV, Vs, of
bladder, and the Dy 0f rectum of SW were lower. Compared with 6 MV X-ray, the Dye., and Cl of PTV of 15 MV X-ray
were larger, while the HI, D, of the spinal cord, Vs, of bladder, and Dy of femoral heads of 15 MV X-ray were lower.
Compared with group A comprising the prone position, AAA, SW, and 15 MV X-ray, the Dy 0of PTV and HI of PTV
decreased by 1.4% and 53.4% respectively, and Cl of PTV increased by 5.8%, and D... of small intestine, Dy Of rectum, Vs,
of bladder and D,.x of femoral heads respectively decreased by 4.4%, 2.2%, 109.1%, and 1.5% in group B. Conclusion The
treatment mode of prone position, AAA, SW and 15 MV X-ray should be chosen in 5F-IMRT for the postoperative cervical

cancer, which is more capable of meeting the target volume constraints and achieving maximal protection for OARSs.

Key words: cervical cancer; five-field intensity-modulated radiation therapy; treatment position; dose calculation algorithm;

mulitleaf collimator; X-ray energy
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c: Sagittal view
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Fig.1 Transversal, coronal and sagittal views of planning target volume
(PTV)
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Fiaid i Beam  Gantry Beam  Gantry
] Field  Angle Field 5 Feld 1 Field  Angle
Fidd1  0° ; -.‘ Field1  40°
Field2 85" Field2  95°
Field 3 140° Field3  180°
Field 5 Field 2 Field4 2200 Field4  265°
Fild5  275° Fi'ﬂ“ .- Field5  320°
Field 4 Filed 3 2
X . Standard (=—x Standard
& ‘_: Hewd of Prone Fi;ld 3 - Head of Supine
a: Supine position b: Prone position
12 {PEMILFFEMI 78R
Fig.2 Beam field set for supine position and prone position
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Tab.1 Dosimetric parameters comparison of different treatment positions
Item Parameter Prone position Supine position t value P value
PTV DreanlCGY 5088.91+25.25 5119.40+39.11 -4.56 0.001
D D2)/ €Gy 5 253.80£29.86 5 306.60+£67.94 -2.42 0.039
Drin(Des)/CGy 4797.73+24.75 4 816.25+7.22 0.79 0.450
Cl 0.730+0.025 0.730+0.024 1.50 0.017
HI 0.091+0.003 0.098+0.012 -8.06 0.000
OARs Small intestine-Dn.. /cGy 4708.24+141.48 4 893.04+87.46 -1.52 0.160
Spine cord-Dy./cGy 3531.56+245.44 3717.52+228.65 0.16 0.880
Bladder-Vs/% 29.39+13.43 50.10+5.60 -2.97 0.016
Rectum-Di./cGy 4 908.33+66.33 4 910.22+26.43 -5.43 0.000
Femoral head-D.../cGy 4 852.95+70.02 4 877.85+56.23 3.32 0.220
Others MU 1467.20+85.59 1465.40+42.32 -0.54 0.610
T/min 4.89+0.28 4.89+0.14 -0.54 0.610

OARs: Organs at risk; Cl: Conformal index; HI: Homogeneity index; MU: Monitor unit; T: Treatment delivery time
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Tab.2 Dosimetric parameter comparison of different dose algorithms

Item Parameter AAA PBC algorithm Mean+SD t value P value
PTV D/ CGY 5049.54+23.20 5088.91+25.24 -39.37+27.30 -4.56 0.001
D D2)/ cGy 5230.99+28.73 5 253.80+29.86 -22.81+29.84 -2.42 0.039
Drin(Des)/CGY 4 803.78+7.82 4797.73+24.75 6.04+24.29 0.79 0.450
Cl 0.740+0.016 0.730+0.023 0.008 7+0.020 0 1.50 0.017
HI 0.085+0.005 0.091+0.003 -0.005 8+0.020 0 -8.06 0.000
OARs Small intestine-Dy.. /cGYy 4 509.34+415.31 4708.24+141.48 -198.90+414.40 -1.52 0.160
Spine cord-Di./cGy 3537.61+238.40 3531.56+245.44 6.05+119.53 0.16 0.880
Bladder-Vs/% 24.97+12.86 29.39+13.43 -4.42+4.71 -2.97 0.016
Rectum-Dy./cGy 4 838.93+54.85 4908.44+66.33 -69.40+40.44 -5.43 0.000
Femoral head-D./cGy 4 895.06+74.62 4 852.95+70.02 42.11+40.17 3.32 0.220
MU 1451.70+81.62 1467.20+85.60 -15.50490.92 -0.54 0.610
T/min 4.84+0.27 4.89+0.29 -0.052+0.310 -0.54 0.610

AAA: Anisotropic analytical algorithm; PBC: Pencil beam convolution
&3 SW5MSSHIFIESHELR
Tab.3 Dosimetric parameter comparison of SW and MSS

Item Parameter SW MSS Mean+SD t value P value
PTV Dreanl CGY 5049.54+28.73 5 066.82+45.55 -42.11+29.75 -3.550 0.006
D D2)/ cGy 5230.99+7.82 5273.11+9.53 -3.40+6.64 -4.480 0.002

Duin(Des)/cGy 4 803.78+7.82 4 807.18+9.53 -3.402+6.650 -1.620 0.140

Cl 0.740+0.016 0.730+0.017 0.006 6+0.004 3 4.830 0.001

HI 0.085 0+0.004 7 0.093 0+0.007 1 -0.007 7+0.005 5 -4.420 0.002

OARs Small intestine-Dya. /cGy 4 509.34+415.31 4744.07£129.21 -234.73+415.46 -1.790 0.110
Spine cord-Dy./cGy 3537.61+238.40 3497.45+238.06 40.16+136.24 0.930 0.380
Bladder-Vs/% 24.973+12.850 27.182+12.690 -2.21+6.89 -1.013 0.033
Rectum-D,./cGy 4 838.93+54.85 4 895.54+66.62 -56.61+33.43 -5.354 0.000

Femoral head-D../cGy 4 895.06+74.62 4 893.73+98.01 1.33+51.54 0.082 0.937

MU 1451.70+81.62 1339.10+83.21 112.60£70.82 5.028 0.001

T/min 4.839+0.272 4.226+0.277 0.375+0.236 5.028 0.001

SW: Sliding window; MSS: Multiple static segments
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Tab.4 Dosimetric parameter comparison of 6 MV X-ray and 15 MV X-ray
Item Parameter 6 MV X-ray 15 MV X-ray Mean+SD t value P value
PTV Diear/CGY 5049.54+23.20 5031.17+17.03 18.37+8.77 6.624 0.000
De(D2)/ cGy 5230.994+28.730 5 189.897+21.760 41.09+9.79 13.272 0.000
Diin(Dee)/CGY 4 803.775+7.822 4796.954+4.515 6.821+5.815 3.710 0.005
Cl 0.740 8+0.016 0 0.758 5+0.012 0 -0.018 0+0.004 7 -11.920 0.000
HI 0.085 4+0.004 7 0.078 6+0.003 8 0.006 8+0.002 0 13.017 0.000
OARs Small intestine-Dua /CGYy 4 509.34+415.31 4 567.18+95.59 -157.80+404.75 -1.233 0.249
Spine cord-Dy./cGy 3537.61+£238.40 3481.25+244.08 56.36+31.73 5.617 0.000
Bladder-Vsi/% 24.973+12.850 21.321+11.900 3.65+2.40 4.819 0.001
Rectum-Dy./cGy 4 838.93+54.85 4827.60+26.04 11.33£39.33 0.911 0.386
Femoral head-Dy./cGy 4 895.06+74.63 4 825.43+78.22 69.63+41.97 5.246 0.001
MU 1451.70+81.63 1 358.40+57.69 93.30+56.66 5.207 0.001
T/min 4.839+0.272 4.528+0.192 0.311+0.189 5.207 0.001
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c: Sagittal view
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Fig.3 Dose distribution comparison between group A and group B

in transverse, coronal, and sagittal views
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Tab.5 Dosimetric parameter comparison of two groups

Item Parameter Group A Group B t value P value
PTV D/ CGY 5101.90+42.82 5031.17+17.03 4.85 0.000
Drex(D2)/ cGy 5295.41+63.24 5189.90+21.76 4.99 0.000
Drin(Dss)/cGy 4692.33+38.45 4796.95+4.52 -1.07 0.310
Cl 0.714 5+0.034 0 0.760 0+0.0120  -3.84 0.003
HI 0.120 0+0.067 0 0.079 0+0.003 8 1.99 0.042
OARs Small intestine-Dy. /cGy 4 873.55+415.31 4 667.18+95.59 5.15 0.000
Spine cord-Di./cGy 3611.11+238.40 3481.25+244.08 1.11 0.280
Bladder-Vs/% 44.59+12.85 21.32+11.90 5.34 0.001
Rectum-Dr./cGy 4 935.68+57.81 4 827.60+26.04 5.39 0.000
Femoral head-D../cGy 4 897.28+60.17 4 825.43+78.22 2.30 0.000
MU 1245.13+71.05 1 358.40+57.69 -3.92 0.001
T/min 4.150+0.236 4.53+0.19 -3.92 0.001

Group A=supine position +PBC algorithm +MSS+6 MV X-ray, Group B=prone position +AAA +SW +15 MV X-ray
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