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Comparison of different plans based on generalized equivalent uniform dose optimization for rectal

cancer: fixed-field intensity-modulated radiotherapy vs volumetric modulated arc therapy
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1. School of Nuclear Science and Technology, University of South China, Hengyang 421000, China; 2. Department of Oncology,
Xiangya Hospital, Central South University, Changsha 410008, China

Abstract: Objective To compare the biological and dosimetric differences of volumetric modulated arc therapy (RapidArc)
and fixed-field intensity-modulated radiotherapy (IMRT) based on generalized equivalent uniform dose (gEUD)
optimization for rectal cancer and provide some reference for clinical decision. Methods Ten patients with rectal cancer
were selected, and three kinds of plans were designed for each patient, namely five-field IMRT (SFIMRT), seven- field
IMRT (7FIMRT) and RapidArc plans, with the same prescription dose of 50 Gy/25 F for planning target volume (PTV).
Finally, we applied paired ¢ test to compare the differences among three plans in the mean dose- volume histogram and
monitor unit, the conformity index (CI) and homogeneity index (HI) of PTV, the normal tissue complication possibility of
organs-at-risk, the gEUD and physical dose of PTV and organs-at-risk. Results All the target dose distribution in three
plans met the clinical requirement. The CI and HI of RapidArc were better than those of SFIMRT and 7FIMRT (P<0.05). In
the protection of small intestine and bladder, 7FIMRT and RapidArc had no significant differences (P>0.05), and both of the
two plans are better than SFIMRT (P<0.05). For the protection of bilateral femoral head, RapidArc was superior to 7FIMRT
(P<0.05), and 7FIMRT was better than SFIMRT (P<0.05). RapidArc had significantly less monitor units as comparison with
SFIMRT and 7FIMRT (P<0.05). Conclusion In the plans based on gEUD optimization, RapidArc and 7FIMRT were
superior to SFIMRT, moreover, RapidArc had advantages in CI and HI of PTV, sparing of femoral head and delivery
efficiency compared to 7FIMRT.
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Tab.1 Comparison of PTV and monitor unit among three plans (Mean+SD)

Parameters SFIMRT(1) 7FIMRT(2) RapidArc(3) Py Pss Piss
Diean/cGy 5125.249.1 5135.2+10.1 5131.5+10.3 0.054 0.373 0.063
Dosi/cGy 4962.7+4.9 4958.1+7.2 4952.4+7.3 0.049 0.025 0.000
Du/cGy 5273.849.9 5278.4+17.9 5257.1£15.2 0.479 0.000 0.008
CI 0.88+0.02 0.88+0.02 0.90+0.01 0.809 0.033 0.025
HI 1.050+0.020 1.050+0.030 1.048+0.030 0.340 0.000 0.020
Vierd/em’ 0.00+0.00 0.54+1.20 0.07+0.20 0.199 0.191 0.271
gEUD/cGy 5119.2+8.7 5128.8+10.4 5125.949.3 0.061 0.474 0.039
MU 997.6+109.9 1337.4+195.7 650.6+37.8 0.000 0.000 0.000

PTV: Planning target volume; SFIMRT: Five-field intensity-modulated radiotherapy; 7FIMRT: Seven-field

intensity-modulated radiotherapy; RapidArc: Volumetric modulated arc therapy; CI: Conformity index; HI:

Homogeneity index; gEUD: Generalized equivalent uniform dose; MU: Monitor unit
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Fig.1 Comparison of the mean dose—volume histogram of PTV and organs—at-risk among three plans
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Tab.2 Comparison of organs—at—risk among three plans (Mean+SD)

Parameters SFIMRT(1) 7FIMRT(2) RapidArc(3) P2 Piys Py
Small intestine
Dieun/cGy 2530.4+697.6  2416.0+577.3 2461445904  0.065  0.124  0.151
Du/cGy 4978743560  4955.6+391.4  49552+471.9 0294 0988  0.578
NTCP 2.0+2.3 1.4+1.5 1.5+1.6 0.112 0065  0.147
Val% 16.5£12.5 12.9+8.5 12.749.3 0.037  0.806  0.013
Vs/% 4.8+0.4 42433 42433 0333 0702 0351
gEUD/cGy 3606.84429.1  3526.8+385.8  3513.04423.1  0.031 0422  0.005
Bladder
Dueu/cGy 3951.6£253.1  34403+273.1  3475.8£3103  0.000  0.160  0.001
D../cGy 5169.3+53.1 5186.5+39.3 5176.4+16.2 0.248 0457  0.704
NTCP 0.60+0.50 0.41+0.30 0.41+0.30 0.012 0854  0.035
Vi/% 51.5+10.7 39.1+7.7 39.7+8.5 0.000 0461  0.001
Vso/% 21.149.0 19.247.6 20.946.6 0.044  0.043  0.846
gEUD/cGy 4095.04224.6 3732142241  3748.5+253.5  0.000 0431  0.001
Femoral head-L
Dyea/cGy 28412+103.1  2651.1+89.5 2614.8+146.0  0.000 0225  0.000
Da/cGy 4068.8+244.6  4098.84262.6  3898.5£173.0  0.723  0.010  0.033
Vao/% 98.6=2.5 92.0+5.4 88.1+10.5 0.004  0.166 0014
Viol% 2.3+1.4 3.042.0 1.5+1.1 0277  0.008  0.062
¢EUD/cGy 2042.6+114.1  2839.1£109.7  2783.6+1383  0.029  0.086  0.004
Femoral head-R
Dyeu/cGy 2819.5+67.6 2 641.3+89.5 2669.14100.3  0.001 0217  0.004
Du/cGy 4026242935  4205.84268.0  3903.3£1353  0.051  0.004  0.182
Vaol% 89.7+0.6 92.0+6.4 93.4+5.8 0.012  0.661  0.018
Viol% 2.5+1.4 3.6+2.1 1.4+0.9 0.012  0.005  0.020
gEUD/cGy 2913.8+82.2 284641004  2815.0+81.3 0.155  0.006  0.033
NTCP: Normal tissue complication possibility
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