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Dosimetric comparison of tomotherapy, static IMRT and VMAT techniques in radiotherapy for

cervical cancer
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Radiotherapy Center, Affiliated Cancer Hospital and Institute of Guangzhou Medical University, Guangzhou 510095, China

Abstract: Objective To compare the dosimetric disparities among static intensity-modulated radiotherapy (IMRT),
volumetric modulated arc therapy (VMAT), and tomotherapy (TOMO) techniques in cervical cancer radiotherapy for
providing data support for clinical decision-making scheme of radiotherapy. Methods The clinical data of 19 cervical cancer
patients, treated at the Affiliated Cancer Hospital and Institute of Guangzhou Medical University from February to May in
2024, were analyzed. Three plans were devised for each case using IMRT, VMAT, and TOMO techniques, followed by
dosimetric evaluation in terms of various metrics such as dose volume parameters of the target areas as well as organs-at-risk
(OAR), conformity index (CI), homogeneity index (HI), and delivery time. Results All 3 plans met the clinical prescription
ean @nd D of
PCTV and PGTVnd. For OAR, TOMO demonstrated significant advantages over IMRT and VMAT in the D, of the
bladder, the D, .., D,.... Vs> V4 Of the rectum, the D, .., D...., V. V;,0f left and right femoral heads, and the D, V,,, Vs,0f
the pelvis (P<0.05). In addition, the TOMO group showed significantly higher CI for both PCTV and PGTVnd as compared
with IMRT and VMAT groups, and lower PGTVnd HI than IMRT group (all P<0.05). Although there was trivial difference

among 3 groups in term of PCTV HI, TOMO group performed slightly better than the other two groups. Notably, VMAT

requirements for the target areas. Compared with static IMRT and VMAT, TOMO had significantly lower D

max? max> mean?®

technique had the shortest treatment time. Conclusion In various treatment modalities for cervical cancer, TOMO is superior
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to IMRT and VMAT in terms of target dose coverage, OAR dose distribution, CI, and HI. However, VMAT has the highest

efficiency.

Keywords: cervical cancer; tomotherapy; volumetric modulated arc therapy; static intensity-modulated radiotherapy;

dosimetry
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Table 1 Dosimetric comparison for planning target volume
among IMRT,VMAT and TOMO (Mean+SD)

e IMRT VMAT TOMO
PCTV
e/ GY 50.16+1.96  49.65+1.72 48.37+1.490b
D, /Gy 66.7642.92  65.18£1.26  63.88%1.41
V45/% 97.56+0.95 97.56+1.5 97.71£1.23
PGTVnd
D,../Gy 62.8140.74  62.48+0.40  62.00+0.57¢
D, /Gy 66.12+1.73 65.12+1.16  63.88+1.41®
V/% 98.87+1.03  98.69+2.33 98.36+1.55

o, IMRT 5 TOMO 41 [.4¢ , P<0.05;°: VMAT 5 TOMO 4 Lt %%,
P<0.05;<:IMRT 5 VMAT 41 I 4% , P<0.05
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Table 2 Dosimetric comparison for OAR among IMRT,

VMAT and TOMO (Mean=SD)

SR IMRT VMAT TOMO
T
D, ../Gy 44.5141.69  44.21+1.91 42 942 30b
D, . /Gy 58.48+5.00 56.95+6.09 55.01+6.51
V,/% 100.00£0.00  99.83+0.76 99.78+0.97
V% 98.7542.34  98.17+5.55 95.05+7.2
V,/% 83.98410.53  86.21+12.14  79.74+15.29
V., /% 57.49+14.2 54.07+12.52 48.4+13.272
=07
e/ GY 45.84+1.67  44.87+1.46 43.56+1.420b
D, /Gy 54.74+5.60 52.91+5.68 50.55+5.39ab
V% 100.00+£0.00  99.62+1.16 98.25+3.06%
V, /% 83.98+10.53  93.1449.15 83.35+11.98¢b
V% 64.66£19.36  53.28+13.03¢ 49.3+9.47¢
N
ea/ GY 29.0246.96  27.87+7.26 25.49+6.35
D, /Gy 62.22+5.10 61.70+4.59 61.19+5.08
V, /% 84.70+16.96  83.51+18.89  83.30+19.12
V% 71.86£18.94  70.93+20.16  61.52+16.74
V. /% 49.93+17.29  45.60+£17.77  39.84+14.69
V% 20.71£12.20  26.69+12.08  23.06+10.83
e Sk
D, ../Gy 27.9442.17  26.29+2.12 22.98+4.5]ab
D, . /Gy 48.49+3.85  46.77+3.53 42.40+3.474b
V, /% 99.99+0.05 99.99+0.02 99.97+0.08
V,0/% 89.5349.67 82.02£13.87  62.95+24.80
V., /% 32.51£11.87  24.65+6.41¢ 14.61+21.18%
F ek
ean/ GY 27.60+1.93 26.16+2.28 23.37+5.03%
D_ /Gy 47.8143.17  47.04+3.57 42 4743830
V, /% 99.96+0.16  99.53+1.85  100.00+0.00
V,/% 87.11£11.23  83.09£15.05  65.47+25.03¢
V,/% 31.35410.10  24.02+6.30°  16.16 £21.67%
i
D, ../Gy 19.99+6.63 18.88+5.93 16.14+5.05
D,_, /Gy 38.68+3.09  38.99+2.48 38.10+3.37
V., /% 64.84420.32  65.24+20.35  53.95+14.64
V,/% 58.96£19.22  56.3+18.14  48.21+16.19
=1
e/ GY 9.39+5.21 8.30:+4.84 8.47+5.17
D, /Gy 34.64+15.58  32.87+16.61  29.86+15.29
V, /% 10.55+6.93 7.4146.15¢ 9.06+9.19
Pl
D, ../Gy 9.62+5.69 8.58+5.07 8.96+5.60
D, /Gy 33.11£16.06  32.00+ 16.72  28.85+15.42
V /% 9.89+7.03 7.93+5.83 8.94+8.97
B
D, ../Gy 35.19+1.92 33.9542.04¢ 31.63£1.62®
D, /Gy 64.68+2.40 63.66+1.35 62.82+1.74¢
V,/% 90.2+5.27 89.24+6.57 82.5346.80¢®
V% 64.48+5.81 58.46+5.97¢ 54.4249.39a
V. /% 6.75+4.47 5.18+3.83 2.07+1.58®

«:IMRT 5 TOMO b3, P<0.05;: VMAT 5 TOMO HA, P<0.05;

«.IMRT 5 VMAT [t4;, P<0.05

2.3 BXFIEHFHFDVHE LR
1R 1 5] 25 H 38 [R]— CT )2 1 1Y 50 X7 4
A B, BT L IMRT 315 5 E0CH X ] IE 3 20 4032 3]
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Figure 1 Dose distributions of IMRT, VMAT, and TOMO plans

for a cervical cancer case
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Figure 2 Dose—volume histograms of PTV and OAR in 3 radiation plans for a case
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Table 3 Comparisons of CI and HI among IMRT, VMAT,
and TOMO (MeanxSD)

HEIX E2 IMRT VMAT TOMO

PCTV Cl  0.691£0.092  0.741£0.091  0.843+0.034
HI  0.35320.467 0.335+0.666 0.314+0.086

PGTVnd  CI  0.518+0.175 0.565+0.164 0.7150.118%
HI  0.070£0.018  0.074£0.077 0.065+0.078"

a.IMRT 5 TOMO H.%% , P<0.05;°: VMAT 5 TOMO H.4¢ , P<0.05

2.5 #&% H R A E T EE

IMRT . VMAT F1 TOMO 4 AL HH st (14351 A
(99.39425.99) s5.(88.27+18.98) s F1(601.82+241.71) s,
B4y MR s, A% T IMRT F VMAT %1, TOMO
THRI AR 7 B[] f2 25 4 (P<0.05) o /S48 IMRT 5
VMAT Z [H] ) 25 5 AN B I8 {0 VMAT 1697 B o] d5c
i E S5a =
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