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Dosimetric study on coplanar and noncoplanar volumetric modulated arc therapy and helical

tomotherapy for hepatocellular carcinoma

YAN Bing, WU Aidong, ZHANG Hongbo, LIU Lei, XUE Xudong, SHEN Qi
Department of Radiation Oncology, the First Affiliated Hospital of USTC (Anhui Provincial Hospital), Hefei 230001, China

Abstract: Objective To compare the differences in normal liver tissue sparing and target dose distribution among coplanar
volumetric modulated arc therapy (C-VMAT), noncoplanar VMAT (NC-VMAT), and helical tomotherapy (HT) for hepatocellular
carcinoma. Methods Three plans, namely C-VMAT, NC-VMAT and HT plans, were designed for 10 patients with hepatocellular
carcinoma. The dosimetric differences of target areas and organs-at-risk among different plans were evaluated with dose volume
histogram. Results The maximum dose, mean dose, D, and homogeneity index of target areas in HT plan were better than those
in C-VMAT plan and NC-VMAT plan (P<0.05), while the minimum dose, Dy and conformity index of target areas were similar
in 3 plans. Expect for the Dy of target areas, no statistical difference was found between C-VMAT plan and NC-VMAT plan
(P<0.05). NC-VMAT plan had obvious advantages in the low-dose volume (Vs and Vo) of normal liver tissues. However, HT
plan was superior to C-VMAT plan and NC-VMAT plan in the high-dose volume (V4 and Vsy) of normal liver tissues. The
maximum dose of spinal cord in NC-VMAT plan was the least, and there was significant difference in the maximum dose of spinal
cord between C-VMAT plan and NC-VMAT plan. The mean doses of left and right kidneys in NC-VMAT plan were higher than
those in C-VMAT plan, with significant differences (P<0.05), and no significance was found in the other dosimetirc parameters
of normal tissues among 3 groups. Conclusion All of the 3 plans satisfy the requirement of prescribed dose. Compared with VMAT
plans, HT plan increases the homogeneity index of target areas, and reduces the high-dose volume of normal liver tissues.
However, the low-dose volume of normal liver tissues can be reduced in NC-VMAT plan.
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A0 X ) Dues + Diean « D2 &2 HI 34 15 F VMAT 11 K
(P<0.05) , HFHFN IR 8] ZE Dy . Dos LA B2 C1 7 THI 25
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Fig.1 Comparison of isodose distributions among 3 different plans
C-VMAT : 2L 75 B BT 5 NC-VMAT : AF 161 758 BUSEF5 P30T s HT « e 2 ey

1.0y 1 3T XIEIX TR FIEFR(n=10, xxs)
i bl ﬁgwhﬁl\—;ﬁ Tab.1 Comparison of target dosimetric parameters among 3
0.8 —— HT different plans (n=10, Mean+SD)
| PTV
X064 ) 2 HT C-VMAT NC-VMAT Pfi* Pffi* Pfi*
£ ;
= i ‘ll Duw 64.97£1.33  66.06+1.42 66.08+1.23 0.04 0.03  0.98
| : i
QOA 'I Duin  52.93£3.11 50.91+4.02 49.31+3.18 0.82 0.01 0.12
1
0.2 48 AT LiverPGTV : Duew  61.70£0.34  62.6044.20 62.69£0.47 0.00 0.00  0.60
. TEN “ """" \
RN el oy \ Dy 59.10£0.57 59.0140.49 58.68£046 0.56 0.03  0.02
\ o ol }!
0.0 . Kindey-L o o = i D, 6337+0.59 64.67+0.85 64.75£0.87 0.00 0.00 025
/Gy HI 0.07+0.02  0.09+0.02 0.10£0.02 0.00 0.00 0.25
B2 3HETRNFIEARNESELR CI 1.16£0.06  1.15£0.05  1.15£0.05 0.54 0.54 0.86

Fig.2 Dose—volume histogram of 3 different plans
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NC-VMAT 5 C-VMAT iHlM L BAT Geit22 2 3, JAR
W2, FERFREAEY 518, 3 ZH 3R TR 2450 5, NC-
VMAT 1/t F C-VMAT , H 5 HT #IHL 22 R4 T X
FFHREARG R X S BN FHE Vs Ve, HT 55 C-VMAT A b
TG T2F R S AR HT SR I 57 B X S5 Vi il
Vo LT C-VMAT(P<0.05), HT 5NC-VMAT AL,
NC-VMAT B PR B X 25U VoAV, i T HT,

S EA G FE S MR X SEUTIE Vi fil Vi 22
SIGIEE L, BRI RS,

#FORHT 5 C-VMAT A ;¥R HT 5 NC-VMAT AL ; &7 C-VMAT
5NC-VMAT #{ b, #FH DE#A N Gy

2.3 BTt E b Es

HT &7 Il 1 [ (418+123) s], 5 C-VMAT
[(171£52) s] X NC-VMAT[ (179+32) s |#l L BA 5
T2 L (P<0.05) , 1 P A VMAT £ AR 2Z [8]36 ¥ B
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R2 AR EF[ENFIEF LR (1=10, x=5)
Tab.2 Comparison of dosimetric parameters of organs—at-risk

among 3 different plans (n=10, Mean+SD)

S HT C-VMAT NC-VMAT P{f* Pf* P{H®

B HEDuw  35.90+£8.77 35.8248.51 31.93+10.21 0.97 0.06 0.02
B Vi 7.35£8.09 8.49+7.05 6.89+8.25 043 0.78 0.06
 Daean 14.13£6.45 12.40+6.00 11.46+5.50 0.06 0.05 0.16
5 Vi 2.89+6.14  4.12+6.20 1.13+£3.40 042 040 0.15
728 Dy 3.09£3.90 3214427 4.13+4.07 0.82 0.10 0.03
A5 Vi 4.75£7.53  6.06+7.20 4.03+6.84 0.43 0.78 0.33

£ Duewn 4.1244.19 459413 5.7124.75 044 0.08 0.03

#FTRHT 5 C-VMAT FHLL; #3678 HT 5 NC-VMAT ALt ; & #71% C-VMAT
5 NC-VMAT #ilLt.. F=Hh DIEHHANH Gy, VL A%

R3 JAWRERFFERFEF LR (n=10, x+5)
Tab.3 Comparison of dosimetric parameters of normal liver tissues

among 3 different plans (n=10, Mean+SD)

E HT C-VMAT NC-VMAT P{f" Pfti* P{H*
Vs 64.84+13.72 63.86£15.17 59.65t14.18 0.57 0.00 0.01
Vi, 53.81+10.87 52.34+12.88 44.41£10.71 0.51 0.00 0.00
Vy  28.62+47.12 31.37+836 27.30+8.67 0.12 037 0.00
Vi, 16.03+£7.50 18.59+7.48 17.34£7.56 0.06 0.14 033
Vi 9.98+6.46 12.00£6.62 11.58£6.30 0.04 0.08 0.41
Vi 5394417  6.70£533  6.55+4.62 004 009 0.72
Do 15.5043.76  16.27+4.21 14.93+3.99 0.18 022  0.00

#2oR HT 5 C-VMAT M I ; #3578 HT 5 NC-VMAT # [t ; & 575 C-VMAT
5 NC-VMAT Mt i DIEEAN N Gy, VA ] %
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