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Comparison of doses of heart and substructures in VMAT versus IMRT for middle thoracic
AN Yijun', ZHAO Biao', YU Lidan®, HE Liqiu', ZHAO Yutao', YANG Yi

1. Department of Radiation Oncology, the Third Affiliated Hospital of Kunming Medical University & Yunnan Cancer Hospital
Kunming 650118, China; 2. Graduate School, Kunming Medical University, Kunming 650500, China

Abstract: Objective To compare the differences in the doses of heart and substructures in volumetric modulated arc therapy
(VMRT) and intensity-modulated radiotherapy (IMRT) of middle thoracic esophageal cancer, and investigate a better radiotherapy

technology for heart protection. Methods Fifteen patients with middle thoracic esophageal cancer confirmed by pathology were

enrolled in this study. The target areas and organs-at-risk were delineated with the same criterion, and meanwhile 7-fields IMRT

radiotherapy.

Results Under the same target coverage, compared with IMRT plan, VMAT plan had significant reductions in the high-dose
those in IMRT plan (P<0.05). The comparison in low-dose regions revealed that the V; of right ventricle was higher and the Vs

regions of heart and substructures, particularly in V-V, of the whole heart, V,, and Vs of pericardium, V4, of left atrium, Vs

e

]

and V;, of right atrium, V-V, of right ventricle, V- Vs, of planning risk volume-right coronary artery (PRV-RCA) (all P<0.05)
Moreover, the mean dose of the whole heart, left ventricle, right ventricle and PRV-RCA in VMAT plan were much lower than

i

and V,, of PRV-LAD were lower in VMAT plan as compared with IMRT plan (P<0.05). No statistical differences were found

in other parameters (P>0.05). Conclusion Both VMAT and IMRT can meet the radiotherapy needs of middle thoracic esophageal
cancer patients, but VMAT can further decrease the doses of heart and substructures and reduce the heart injuries caused by

Keywords: esophageal cancer; volumetric modulated arc therapy; intensity-modulated radiotherapy; heart; dosimetry
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and 1-arc VMAT plan were designed for each patient. The dose of heart and substructures were compared between the two plans
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2.1 EDNFIELER

VMAT 5 IMRT FLE, 4500 Vo . Vas Vo Vs, Vi DA
K Do BAR , HEA G127 22 7 (P<0.05) , 1M1 Vs Vio,
Vs EE LG T2E 2253 (P>0.05) . TEANGE TR
F1AE L,

F1 2OFIEEE(7+s)
Tab.1 Comparison of the dose of the whole heart (Mean+SD)

Parameter VMAT IMRT tvalue P value
Vi/% 76.07+19.83 74.00+19.39 1.467  0.165
Vi/% 64.67£19.97 63.00+£22.50 0.872  0.398
Vis/% 52.13+18.05 51.93+17.00 0.308 0.762
Va/% 38.27+13.04 41.13£14.07 -4.002  0.001
Vos/% 25.00+7.46 31.27+11.61 -4.547  0.000
Vi/% 15.87+4.55 20.00+6.71 -4.196  0.001
Vis/% 10.07+2.63 12.334£3.79 -5.264  0.000
Val/% 6.73+1.44 7.93+2.46 -3.850  0.002
Due/cGy 1 730.79+437.97  1798.36+468.53  -3.596  0.003

VMAT: Volumetric modulated arc therapy; IMRT: Intensity-modulated
radiotherapy

2.2 PEFIELLE

VMAT 5 IMRT H.48, PE Voo VosBI%, H A G531
22225 (P<0.05) , 111 Vs Vio. Vis\ Vio Vis, Ve LA K Dyean I
W LG22 5 (P>0.05) , 45z 2 /A 1,
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g: PRV-LAD dosimetric comparison

h: PRV-RCA dosimetric comparison

i: Mean dose comparison
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Fig.1 Dosimetric comparison between VMAT and IMRT

PRV: Planning risk volume; LAD: Left anterior descending coronary artery; RCA: Right coronary artery

R2 PEFIELEE (x2s)

Tab.2 Pericardium dose comparison (Mean+SD)

Parameter VMAT IMRT tvalue P value
V<% 66.33+25.30 63.33+£23.57 1.429  0.175
Vi/% 50.13+24.51 50.60+23.62 -0.309  0.762
Vis/% 34.73+20.40 34.07+22.17 0.435  0.670
V% 21.47+13.62 24.80+16.03 -2.774  0.015
Vas/% 13.27+8.41 17.07+11.49 -2.606  0.021
V% 8.73+5.36 10.53+6.22 -2.086  0.056
Vis/% 6.40+3.33 6.73+3.83 -0.734  0.475
Va/% 4.87+2.36 5.00+2.42 -0.367  0.719
Due/cGy  1297.094516.21 1 330.89+550.31 -1.776 ~ 0.097

23 LAFIZELLE

VMAT 5 IMRT %8, LA V.o 8% H B A 45 i1
757 (P<0.05) , T Vs, Vi, Vis. Vao Vas, Vio, Vs LA K
Do P LG T2 22 5 (P>0.05) o S5 R UL 3 M
K1,

2.4 RAFIZEILE

VMAT 5 IMRT %5, RA Vas Vi 3K HL B A 48
P27 25 5 (P<0.05) , T Vs, Vieu Vis. Vo, Vs, Vi L K
Due P & TC G0 1127 22 5 (P>0.05) o &5 5 UL 3 4 1
K1,

25 LVFIZELLE

VMAT 5 IMRT 7E LV Vs, Vio. Vis, Vag Vas, Vio,
Vis\ Vio A K D L E I T0 S22 22 7 (P>0.05)
AR NFRSFIE T,

2.6 RVFIZ L%
VMAT 5 IMRT 48, RV Vi35, Vi, Vas . Vi LA
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5 610 2, S5 R BEET R VMAT 45 IMRT F.0JE B I S5 30 2 LA - 651 -
&3 LAFIERER (75) Vis. Vi, Vi J:W‘j%%%i+%%% (P>0.05) . gj:l:% DL
Tab.3 Left atrium dose comparison (Mean+SD) %:E 6 HI |7§] 1,
Parameter VMAT IMRT tvalue P value
6 RVFIBELE (7
Vi/% 98.8743 .44 98.47+3.40 1309 0212 ® RLR (7 es)
Tab.6 Right ventricle dose comparison (Mean+SD)
Vi/% 97.20+5.52 96.47+6.12 1.519  0.151
V% 93.73+8.85 93334924 0.878 0395 Parameter VMAT IMRT tvalue P value
Vu/% 88.07+11.92  87.93x1151  0.193  0.849 Vi/% 66.87£29.21 61.73428.62 2.279 0.039
Vasl% 80.13+13.34 79.20+12.00 1.220 0.243 Vi/% 55.20+30.84 53.07+29.70 1.474 0.163
Vil 68.80£14.75  6847£1294 0390  0.702 Vis'% 36.27%26.82 39.07£29.99 1349 0.199
Vil% 52.73+13.65 55.33+12.70 21.960  0.070 Vao/% 13.93+14.40 28.47+24.63 -3.747  0.002
Va/% 38.60£1243  42.67+11.83  -3.004  0.009 Vsl 3.0044.81 154751826 3241  0.006
Du/cGy 3 619.67+448.64 3 666.11+418.87 -2.066  0.058 V% 0.531.55 4.00+5.98 -2.634  0.020
Vis/% 0.07+0.26 0.67+£2.09 -1.260  0.228
e Vi/% 0.00+0.00 0.07+0.26 -1.000 0.334
=4 RAFIBELER (xxs)
Tab.4 Right atrium dose comparison (Mean=SD) Duen/cGy 1 109.69+£532.58  1232.42+684.02 -2.485 0.026
Parameter VMAT IMRT tvalue P value
Vil% 83.07+23.35 78.33+26.02 1.408  0.181 2.7 PRV-LAD F| £ Lb 3
V% 67.6030.90 68.33429.96 0316 0.756 VMAT 5 IMRT F.#, PRV-LAD VsV, 5%, H
Vis/% 50.93+34.12 52.27+31.61 -0.324  0.751 E&ﬁ%i‘l‘%%ﬁ(f’<005) ’ ﬁﬁV15 Va0, Vas V30, Vis Vg
) e e =1 o B[]
Va/% 34.334+31.73 31.87+28.30 1.245 0.233 Lj‘& Dmeaniﬁ%%ﬁl+%§#(P>0.05) ° /D%JL‘%%
7THRIE 1,
Vas/% 15.80+19.55 22.00+23.37 -2.535  0.024
Vi/% 5.67+9.19 10.93+14.25 -2.258  0.040 )
#7 PRV-LADFIE LR (x+5)
Vi/% 1.73£3.47 3.40+5.46 -2.1400.050 Tab.7 PRV-LAD dose comparison (Mean+SD)
Va/% 0.60+1.45 1.33+2.38 -1.852  0.085
Parameter VMAT IMRT tvalue P value
Diea/cGy 1552.84+710.38  1555.71+745.19 -0.078  0.939
Vs/% 80.00+21.53 87.40+17.79 -3.998  0.001
N Vi/% 61.60+26.31 72.67+20.72 -2.765  0.015
%5 LVHIEER(7+s)
Tab.5 Left ventricle dose comparison (Mean+SD) Vis/% 36.60+25.71 31.93+23.08 1.286 0219
Va/% 19.60+14.47 17.20+19.33 0.873  0.397
Parameter VMAT IMRT tvalue P value
Vas/% 9.47+8.42 11.60£16.26 -0.862  0.403
Vs/% 58.73+£33.12 57.934£32.61 0.614  0.549
Vi/% 3.07+4.83 4.33+7.90 -1.396  0.185
Vi/% 38.93+33.18 42.73+£31.79 -1.642  0.123
Vis/% 0.73+1.58 0.00 1.798 0.094
Vis/% 25.07+27.90 26.33+25.41 -0.880  0.394
Vi/% 0.07+£0.26 0.00 1.000 0.334
Va/% 14.73+20.85 14.33+18.61 0.383  0.708
Due/cGy 1 293.94+463.26 1353.374450.30 -1.230  0.239
Vas/% 7.00£11.46 7.13+£10.68 -0.178  0.861
V% 3.07+5.71 3.47+5.78 S1146 0271 PRV-LAD: Planning risk volume-left anterior descending coronary artery
Vis/% 1.27+£2.43 1.67+£3.20 -1.572  0.138
Val% 0.53+1.30 080186  -1.293 0217 2.8 PRV-RCA FIELLEE

VMAT 5 IMRT 7£ PRV-RCA Va. Vas. Vi LL &
Dienn P B HA G122 22 5 (P<0.05) , 1M V5. Vio. Vis,
Vis Vi L E TG 25 57 (P>0.05) . 4R IL%ES
K Duean AR, ¥ HA o122 22 57 (P<0.05) , 11 Vi, FIE 1,

Duen/cGy  976.99+661.79  995.04+652.28 -0.656  0.522




- 652 - H ] B2 B

AR $354

%<8 PRV-RCA FIELLE (7+s)
Tab.8 PRV-RCA dose comparison (Mean+SD)

Parameter VMAT IMRT tvalue P value
V<% 67.07+26.12 61.87+27.08 1.650  0.121
Vi/% 52.40+28.88 52.13£28.02 0.076  0.940
Vis/% 37.07+28.70 36.33+29.53 0.430 0.674
V% 16.80+17.98 26.40+26.51 -3.119  0.008
Vas/% 4.33+6.22 16.73+20.56 -3.043  0.009
V% 1.47+3.48 6.07+7.81 -2.588  0.021
Vis/% 0.80+1.93 1.40+3.04 -1.790  0.095
Vu/% 0.33+1.05 0.73+2.09 -1.382  0.189
Due/cGy 1 132.68+£548.39  1240.59+674.00 -2.222  0.043
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