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Dosimetric comparison of static/dynamic intensity- modulated radiotherapy and volumetric

modulated arc therapy for thoracic esophageal cancer
WANG Ruihao, ZHANG Shuxu, TIAN Yunhong, SHEN Guohui, LIAO Boyu, LI Wanzhen, WANG Linjing, LI Huijun
Radiotherapy Center, Affiliated Cancer Hospital & Institute of Guangzhou Medical University, Guangzhou 510095, China

Abstract: Objective To explore the dosimetric differences of static intensity-modulated radiotherapy (sIMRT), dynamic intensity-
modulated radiotherapy (dIMRT) and volumetric modulation arc therapy (VMAT) for thoracic esophageal cancer. Methods The
Monaco 5.11 treatment planning system was used to design 5 radiotherapy plans (namely, fixed 5-field SIMRT, 7-field SIMRT,
5-field dAIMRT, 7-field dIMRT and single arc VMAT plan) for 10 patients with pathologically-confirmed esophageal cancer
randomly selected from patients admitted in 2016-2017. The dose distribution in target areas, the dose of organs-at-risk, monitor
unit (MU), and delivery time were compared to evaluate the efficiency of different plans. Results The dose in target areas met
the requirements of clinical prescription in all 5 plans. The fixed 7-field IMRT plans were superior to fixed 5-field IMRT plans
in target coverage, dose conformity and heterogeneity, without statistical significances (P>0.05). The differences in the high-dose
regions (Vs and Vy) of whole lung among 5 plans didn't showed statistical significances (P>0.05). Compared with SIMRT plans,
dIMRT plans significantly reduced the dose in low-dose regions (Vsand V) of whole lung. Compared with fixed-field IMRT
plans, VMAT increased the low-dose regions (Vs and V,,) of whole lung, but only the dose difference in Vs had statistical
significance (P<0.05). The dose of heart and spinal cord in 5 plans showed no statistical significances. The MU and delivery time
significantly increased with the increasing number of fields in fixed-field IMRT plans. Compared with sSIMRT plans, the MU
of dIMRT plans increased significantly (P<0.05), while the delivery time decreased significantly (P<0.05). Compared with sSIMRT
and 5-field dIMRT plans, the MU of VMAT plans increased significantly (P<0.05), but VMAT plans had the shortest delivery
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time and the highest efficiency. Conclusion For thoracic esophageal cancer, 5-field dIMRT can shorten the delivery time and

improve the treatment efficiency while meeting the dosimetric requirements and protecting the normal tissues. VMAT can

significantly reduce the treatment time, but increase the dose of low-dose regions of whole lung at the same time, which means

VMAT plan doesn't shows obvious dose advantage for thoracic esophageal cancer.

Keywords: esophageal cancer; static intensity-modulated radiotherapy; dynamic intensity-modulated radiotherapy; volumetric

modulated arc radiotherapy; dosimetry
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Tab.1 Dosimetric comparison of target areas among 5 plans (Mean+SD)

Structure Parameter 5-field SIMRT

7-field SIMRT

5-field dIMRT 7-field dIMRT VMAT

PGTV Vos/% 99.31+1.10 99.22+1.59

Duin/cGy 5615.97+270.53 5676.96+311.89

Ds/cGy 6 655.31+46.10 6 646.33£70.78
HI 1.07+0.03 1.06+0.03
CI 0.65+0.11 0.66+0.11
PCTV Vos/% 97.65+2.16 98.96+1.37

D.i/cGy 3705.23+836.68 3 760.08+785.65

D/cGy 6 666.73+£33.58
HI 1.27+0.05 1.2540.03

CI 0.43+0.14 0.43+0.13

6 646.72+71.09

99.11+1.12 99.73+0.72 98.89+1.39

5582.5+441.90 5708.4+298.12 5512.66+400.78

6 654.11+61.07 6 654.274£52.29 6672.81491.31
1.06+0.02 1.05+0.02 1.07+0.03
0.65+0.13 0.69+0.07 0.62+0.16

98.20+1.80 98.63+2.22 97.98+2.01

3447.05+1 011.32 3 665.87+933.30 3 602.10+£952.37

6 651.24+65.23 6 647.44+53.39 6 664.49+64.63
1.27+0.05 1.25+0.04 1.26+0.04
0.42+0.15 0.44+0.14 0.44+0.12

SsIMRT: Static intensity-modulated radiotherapy; dIMRT: Dynamic intensity-modulated radiotherapy; VMAT: Volumetric modulated arc

radiotherapy; PGTV: Planning gross tumor volume; PCTV: Planning clinical tumor volume; HI: Heterogeneity index; CI: Conformity index
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Tab.2 Dosimetric comparison of organs—at-risk among five plans (Mean+SD)

Structure Parameter 5-field SIMRT 7-field SIMRT S-field dIMRT 7-field dIMRT VMAT

Lung Vi/% 63.65+8.23 62.01+6.99 60.81+7.07° 59.75+6.01° 65.38+8.88
Vi/% 48.41+3.12 47.93+2.65 44.96+2.90"" 45.44+3.70° 48.50+2.33
Va/% 27.28+3.64 29.08+2.81 25.21+4.25° 27.74+2.37 27.44+3.63
Vi/% 14.46+1.65 14.72+1.83 13.51£1.96 14.01£1.71 14.64+2.63

Heart Vi/% 31.69+20.47 32.35+20.51 31.70+20.16 31.98+20.35 30.04+19.18
Va/% 19.96+15.06 18.70+12.49 19.90+£14.97 19.51+13.68 19.04+12.55

Spinal cord Dys/cGy 3790.31£219.39 3851.224210.46

3 861.01£202.04 3 873.99£195.96 3861.09+£252.79

a: Compared with 5-field SIMRT, P<0.05; b: Compared with 7-field SIMRT, P<0.05; c: Compared with VMAT, P<0.05.
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Tab.3 Dosimetric comparison of total monitor units and delivery time among five plans (Mean+SD)

Parameter 5-field SIMRT 7-field SIMRT 5-field dIMRT 7-field dIMRT VMAT
Monitor units/MU 568.01+88.81 604.85+42.69 642.81+113.61 691.39+76.44 687.38+123.41
Delivery time/min 11.49+1.46 14.56+1.36 6.73+0.97 9.34+0.93 3.14+0.64
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