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Dosimetric Comparison of VMAT , IMRT, and 3DCRT for Treatment of Esophagus Cancer
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Abstract;  [Objective] To explore the suitable way for esophagus cancer radiotherapy by dosimetric comparison of three-
dimensional conformal radiotherapy (3DCRT), intensity modulation radiation therapy (IMRT) and volumetric modulation arc therapy
(VMAT). [Methods] Ten patients with multiple primary cancers of the esophagus were enrolled. 3DCRT, 5-field IMRT, 7-field
IMRT, single arc VMAT and partial-arc VMAT plans were generated for each patient. Conformity index (CI), heterogeneity index
(HI), dose to organs at risk (OAR), deliverytime and monitor units (MU) were all recorded as dosimetric indices for plan
comparison. [Results]  IMRT and VMAT plans were superior to 3D-CRT concerning target coverage, conformity and dose
heterogeneity. Both IMRT and VMAT can significantly reduce the maximum radiation dose to the spinal cord and heart, and decrease
the low-dose radiation volume Vs and V, for lung. Compared to IMRT, VMAT requires the shortest delivery time and smallest MU.
[Conclusion] VMAT can save treatment delivery time while improving the dose distribution for both target and critical structures. It
was thus recommended for esophagus cancer radiotherapy.
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A:axial; B:three dimensional reconstructions; C:coronal; D:sagittal.
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Fig.1 A representative planning computed tomography (CT) slice with the GTV, CTV, PTV1 and PTV2 for esophagus

Cancer



55 4 1 Bl A AP e A BRI 5 5 G B A A A R A R O R A 7 2 L AR 599

(MONACO5.0 JRA) AT, AR B E 1%
11 3 Hf 3DCRT,5 %7 F1 7 BF IMRT #5834 )7 31X
(STEP&SHOOT) ,360° FL 5k VMAT 31 1] #1348 43 5K
(Partial-ARC) VMAT 181, ¥EHIEERHXA Synergy fl
WS 8 MV X ZE B4} . 3DCRT %44 3 Wit
S b BESF A B O X (R — A 8+ 7 S R i o
FIARHEF+— 5 BF) . 5 BF IMRT {# /1 0°,60° ,150°
210°,300°3k 1 5 B A B 75 =057 BF IMRT Wk H
0°.50° . 110° ,150° .210° ,250° 310°HL [ 7 BF A7 B
I A ORIETERIBAT B HERG M IMRT 313l 4k
NE TR/ =4 em?, TE R/ =4
MU, 5K VMAT R 360° K3, HLEE M
18 1°MET i e 2 179°, #4539 VMAT R H =3l
i1, b 180°-290°,310°-40°, 110°-180° =~ fj
SIHEAT BRS, LAakE o  , ahE O 0 2 a2 fili e S5
I, B3N VMAT Fl Partial-ARC VMAT & K5 &
R 700 MU/min , HLAEEE 3 60-75 s/r, MLC M %
IR 0.46 e/, AT E /MR E = 4
MU/segment,

HXIRIT AL J5 BN 54 ~ 64 Gy, R Mo
)RS EIFIE N 2 Gy, HFRFIE S . 95%4b )7
FIHEELR [ ST > 95940 X AKRFR, 4xfilisZ HE 20
Gy MRBUNT 30% 1 2l iR, & 88 D, < 50
Gy
1.4 EMNEREFE

1 33 ) AR 7 B (Dose volume histograms,
DVH) 40514511 PTVL Al PTV2 11 43 57 AR 1
Vos Vi, B2R Vs > 95%FE XAKFL, V) < 1094 X
A [RIEHE T 3G TR 484K CI( conformity index ) I
53880 HI (Heterogeneity index), H:H Cl=
(Vip/Vp)x(Vip/ Vi), Vip Sy kb J7 7 £ fif il 2% 1) #8
XARFR, Vp S ik I 7 i [ B8 1 AR AR R, Ve J2
A X AR, CT B B 108 A0 IX 5 JF Bk A, HI=
(Dy=Dsg) /Dsy(Dy Kl Dog 53534 2% F11 98%PTV {4
TR 32 31 () BE B 50) ), HIT (K 338 IR o 4k
F A, PTV 7 AR AR5,

& K25 B AP AR A B A, IRk
arE AL, JESR IR D, SOA 5
MKﬂZléEﬁ VS\V]O\VZO\VSO; %Eﬁ%ﬁﬁﬁnﬁﬁlﬁ 5 i%ﬂz
Wi K& Diceo

A ST A SPSS 16.0 %44 %) 71 8 2 45 S 1k
705 22501517 SNK K56, P < 0.05 A Geit
25,

2 % 3R

2.1 HBRFIEHNH

T Rb A B A RO T R X)X R
IMRT HI VMAT $7 AR AEHE X 7 55 % 18 ¥ B A
Oy A A UL T 3DCRT, JoHEXHRIEE
[X. PTV2,IMRT F1 VMAT R #E X 5 55 8 Vs
it 3DCRT LM~ A 44, 5 3DCRT iH4I4H L,
IMRT FlI VMAT {2 3542 55 1 ¥ X5 550 A i 34 5]
(P < 0.05),IMRT Fil VMAT 7E PTV1 1 PTV2 [
HI (8] 84K F 3DCRT(P<0.05;% 1),

5 PP GR 7 WEERAUE R | ST VMAT A
43I VMAT 7858 DX 38 T B R 53 A 24501
ARSI #2575 (R 1), HIL VMAT FER 4351
VMAT 7£ PTV1 #8 X /Y HI #1543 5 8 0.07 I
0.07, W& 4f-F 5 BF e, £5G7%5 IR VU Fh R 11
S DX 22 0 A1 A 45 U R BRI VMAT =~ 3 439
VMAT > 7 %} IMRT > 5 ' IMRT(F 1),

22 BRBEFESH

TESE M A% B 52 F 7 T, VMAT 761 374 B Fn
O EJT AR B (% 1), VMAT JHRIEE 55 K5
4 43 Gy, It IMRT “F-}1iK 1 Gy, It 3DRT % &
B T 5 Gy o0 W i 5] 4 il o 2 35 43 5
VMAT &5, #90 VMAT X 2 ,3DCRT fx 2
(#1),

MU 32 5, R RITE Vi Ve IR
AU 25 (R ), B0 R IR RZKR,, (HE IMRT
FUVMAT 3130 $ 25 BRI 7 Bt 1) o PSR, Vs
Vi ¥IET 3DCRT(%:2 1),

2.3 RITPITRER

TEVRIT HATROCR | VMAT e BAE e Hain
VMAT, -3 Bk%k < 550 MU, #3697 I H] < 4 43
#h, 3DCRT A1 7 HF IMRT Fr o ik 25 Bk i £ |, 1
TTBF IR B, BOR AR, JLH 3DCRT A7 ¥ K S5
PR RN o3 B AR ARG, SEBRIA YT I ()
WA TR K (R 2) .

3 4t it
ABFFERERE 10 BRI R B, AR,

WA EE MY RRE LSRR X, R R
Z& R4S BoR IMRT 5 VAMT 87540 X &



600 SRIIPNE === Qe i) %37 4%
x1 EMITXIFEFZSER LT S0
Table 1 Dosimetric results of five treatment plans (x£s)
Structure  Dosimetry 3DCRT SF-IMRT TF-IMRT Vmat Partial-ARC FANOVA p
PTV1 Vos/ % 98.90 + 0.90 99.30 £ 1.10 99.60 + 0.70 99.50 £ 0.70  99.50 + 0.70
Vi % 5.67 +4.00 3.24 + 4.61 3.21 £5.40 0.02 £ 0.04 0.11 £0.22
CI 0.13 £ 0.05 0.13 £ 0.04" 0.14 + 0.05" 0.14 £ 0.04”  0.14 £ 0.05" 0.004 1.000
HI 0.11 £ 0.04 0.09 + 0.04" 0.08 + 0.02" 0.07 £ 0.02”  0.07 £ 0.02" 1.742 0.167
PTV2 Vos/ % 97.04 £ 1.06 98.77 £ 0.67 98.89 + 0.53 99.06 £ 0.62  99.02 + 0.82
Vi % 74.17 £13.20  71.50 + 14.30 68.40 £ 16.00  67.65 £21.90 66.13 +21.10
Cl 0.59 = 0.07 0.61 £ 0.05" 0.64 £ 0.05" 0.66 + 0.06”  0.61 + 0.05" 1.375 0.266
HI 0.27 £ 0.06 0.26 + 0.06" 0.25 + 0.06" 0.23 +0.06”  0.21 £ 0.07" 0.833 0.515
Lung Vs/% 92.50 £ 6.40 73.50 + 7.70V 75.20 £8.20"”  81.10 £ 6.00" 76.80 + 6.30" 7214  <0.001
Vi/% 69.90 + 3.80 54.40 £ 10.907  54.40 + 10.90" 56.80 + 6.10"  55.20 + 3.90" 8.886  <0.001
Va/ % 29.40 + 8.00 29.80 + 3.90 28.70 +3.10 29.50 £2.90  30.20 £ 3.20 0.089 0.985
Vi/% 17.70 + 3.60 17.40 + 2.90% 16.30 +2.80 17.60 + 2.80¥ 18.90 + 2.10 0.665 0.621
Spine D,./Gy  37.86 £ 6.61 33.32 £3.559»  32.20 £3.97”  31.87 £3.98" 31.73 £ 3.26" 2.011 0.118
D/Gy  49.29 +0.36 44.48 £ 1.28Y 43.85 £ 1.63"  43.30 £2.48" 43.19 £ 1.93" 13.681  <0.001
Heart Dy/Gy  37.43 +4.78 34.67 + 3.41Y 3475 +4.05V  33.12 +4.25Y 33.16 = 3.77" 0.423 0.791

SNK test after ANOVA,

VMAT, P < 0.05

R 2 AR A0S B EFN S T R E e it

1)comparing with group 3DCRT, P < 0.05;2)comparing with group 7F -IMRT, P < 0.05;3)comparing with group

Table 2 MUs and delivery time of fivetreatment plans (x£5)
3DCRT SF-IMRT TF-IMRT Vot Partial-ARC
Monitor units 956 + 285 804 + 83 1044 + 175 545 + 63 679 =72
Delivery time/s 10.4 + 3.5 82+ 1.8V 11.1 £2.4Y 3.9 +0.4Y 5.0 £ 0.6V

The total treatment time is longer than the estimated delivery time for 3DCRT due to multiple iso—center patient setup. 1)are significantly different

from each other(P < 0.05)
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