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Application of non-coplanar volumetric modulated arc therapy for esophageal cancer
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Abstract: Objective To investigative the application prospect of non-coplanar volumetric modulated arc therapy (VMAT) in
treatment for esophageal cancer. Methods Fifteen patients with locally advanced thoracic esophageal cancer who were admitted
from September to December 2017 were enrolled in this study. Coplanar intensity-modulated radiotherapy (IMRT), non-coplanar
IMRT and non-coplanar VMAT plans were designed for each patient. The dose distributions of target areas and organs-at-risk
between non-coplanar VMAT and coplanar IMRT or non-coplanar IMRT were analyzed. Results All the 3 plans met the
requirements of target dose coverage, but non-coplanar VMAT had significant advantages over non-coplanar IMRT in homogeneity
index and conformity index (P<0.05). The D, . of spinal cord of non-coplanar VMAT was significantly lower than that of coplanar
IMRT and non-coplanar IMRT (P<0.05); and non-coplanar VMAT was superior to coplanar IMRT in the V, V,,, V;,and D, ..
of the lung (P<0.05). No statistical difference was found in the V,, and V,, of the heart between non-coplanar VMAT and IMRT.
Conclusion For patients with esophageal cancer, non-coplanar VMAT can improve the conformity index and homogeneity index

of target areas and reduce the dose and irradiated volume of the lung and spinal cord, thereby reducing the probabilities of radiation

pneumonitis and radioactive spinal cord.
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1.1 fRBIERE

PEHL 2017 4F 9~12 H BRI K 2% v g B B IR 1Y
Jei 8 1 100 e £ A ORE (CT3-4N2-3M0) H & 15451 . iR
FARWS 47~68 %, AR IR 61 % o JIRd i A2 < B2 Ky
9~14 cm, “FIKJE(11.83+1.97) cm.

1.2 R BEES CTEL

FRE RBUMEM , AT SARFE B AT ; DL EZS 17
JE B AR AL SR e R AL 8 i CT B4 e f AL
(Somatom Sensation Open, Siemens ) #1714, JZ2 BN
3 mm, Ui BE TR GG S R TR R SR Ak
5 CT BG4 % FLHLZE Eclipse 13.5 31K &4t .

1.3 X 5IEE AR EE

Z: BE [E] Br 58 59 2037 5 I 4 2% 51 £ (International
Commissionon Radiation Units and Measurements,
ICRU) 62 5 il 83 51 4 4t (4 2R HE AT 4 DX AU
Jili R O RS E AR A A R R
2555 119 R e BRPR DAL O R % 2 2] ), Horp GTV
A0, A5 0 I DR kb R DX i KR B 4, CTV
GTV I F4M” 3 em, ifJ5 (Anterior Posterior, AP) . /2
AN 0.5~1.0 e JE B, IS it b F I AE AE A
4 E  PGTV I PCTV 43 424 GTV #1 CTV #14) 4
P°0.6 cm B .

1.4 RIi%it 5%

KRG IR AR AT RIS, e L% 1X
hnEas EPAT . JEIX AL TN : PGTV #IPCTV 43
S 60 #1154 Gy, 43 30 IRBAT, B il 50K, FEIX H AR
O £ 95% Ab T ) AR T B8 A AR B >95% L IX AR, B
X P g o AR AN A I 110% b 77 . OAR BRIEZH
ZAUTR B BRI (D, )<45 Gy, WLV, (52
£ 5 Gy Fl = ARFUE 43 H ) <60% . V,<30% , L IE Vs,
<40%.V,;<30%. PLAEAE  # X (PGTV .PCTV)>H
RE>Hil> 0o E o BT TE R TR A DL YRR 2 )
PSR W A 2 PR R AT A2 BRI it . #E Eclipse 11

VARG LR A mlcrt 34 (1) AR m
VMAT 151, i F 5 L 28 IX D g (A LR Te 1 g i i
i 180°, T LAALI B T 6 B Lok, 435Ik Gantry figh
H 179.9°% 130° ,40° % 310° ,230° % 180.1° A IR,
DL & Gantry JiEF% H 180.1°% 230° ,310°% 40°,130° %
179.9° AR 9IR , B b 2 Be Al 3L Tm ok, B4 7 IR
JiE 90° , [a] it i B IR 51 ( Gantry g% A 330° % 30°)
AR 41 K ( Gantry g5 [ 30°2 330°) ; (2) H: i i
T AL 7 AR, 43 510 0°.30°,60° . 165°
195°,225°.300°.,330°; (3) AL w1, 62 7% 54~
L BT, 439 0°,30° . 165° . 195° ,225° . 330°, FH-Hl
AR A 900, AILAE AR 430k 3007 330° Y A e S
B, 7 A

R 751 ek T 2 R0 o (ACFR T PR DX R I 2%
BRI A G S T 0T MRS ICRU 83 i 143
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i) D, (el F5HFEE (Homogeneity Index,
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ARSI K 43 M R B GraphPad Prism 5.0 1 4 43
M8 A, %o F 6 T VMAT AR X T 3 1o 8 a8 R 2 i
PSR IR 0 25 T ST R XS ¢ K 5, P<0.05 T 22
SAGFE X,

2.1 BMRPYFIESELLE

B A T RI#B AT LU 2 PGTV HIEPCTV 6T 95%
PRRRAL 75 5700 1 7 5 1 BEOK  JE SR TH VMAT AR X T3k
A1 9 55 A0 AE I 1 8 58, 7E PGTV . PCTV ) Dyg . Dy I
B giit2 22 5 (P>0.05) .

T T PGTV, IE 2L VMAT AH X T2 1 i 58 FnlE
e E 3, D, W FEAR (P<0.05) . 16 HI.CI |, k3t
[ VMAT 3, 5 3506 T 35 2 i 6 5 (P<0.05) , F13: f
R 5 AH L B A 40t A 22 F (P>0.05) , 3 4l 45 R
W1,

%} T PCTV, k4L ii VMAT 7£ D, .HI.CI |- i 3
P F AR T 58 (P<0.05) , AL P& 3 AR Lo 3 gt
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Tab.1 Comparison of PGTV dosimetric parameters between different radiotherapy techniques

T Dyy/cGy Dy/cGy D,/cGy D,/cGy HI CI
JE4L7 VMRT 5 895.86:61.88 5975.38+49.36 6 183.02+61.38 6 443.03+78.83 0.09+0.02 0.69£0.04
S A7 5824.55£121.73 5 860.13+65.40 6252.18+82.55 6 498.06+94.84 0.10+0.02 0.67+0.03
E[SENTARE 5810.88+181.82  5959.29+105.80 6 403.71+60.43 6816.69+118.26  0.16+0.04 0.62+0.06
418 1.915 0.885 2.186 3.793 0.817 1.549
PfH 0.151 0.441 0.117 0.032 0.507 0.249
L8 1.060 0.322 4328 4.109 7.506 9.534
P,{H 0.367 0.769 0.023 0.026 0.002 0.002

HI: S VERR B CL G ESR 4 ¢, P R ARSE T VMRT FISE MR 5 LA A S5 2 5 1, P, AR SE TR VMRT RIS )5 LA A 25 R

%2 FREBIFTHRA T PCTV H7 B LB R

Tab.2 Comparison of PCTV dosimetric parameters between different radiotherapy techniques

) Dyg/cGy Dys/cGy Ds,/cGy D,/cGy HI Cl
A4t 1 VMRT 4918.06+154.83  4992.82+141.33  5329.32+406.85  5683.83+544.60  0.14+0.06  0.63+0.04
BaS T 4.891.12+185.25  4987.27+151.61  5374.24+374.57 57145757991  0.15£0.07  0.59+0.01
B[R 482420£196.17  4973.70£161.55  5489.70£322.26 6 025.73£496.06  0.20£0.05  0.47+0.05
ol 0.758 0.422 0.802 1.539 1.567 1.910
Pl 0.504 0.702 0.481 0.221 0.197 0.118
L8 1.230 0.390 3.339 6.259 7.506 9.534
Pl 0.306 0.723 0.044 0.008 0.002 0.003

¢, P AR VMRT AL 0 5 LA 25 5 ¢, P, AL i VMIRT 0l 2 i 5 #5814 235 S

2.2 OARMIFIZESH LR

TEHRED, b, AR VMAT 2 5 25 0 T 3w i
5if A1 E L T I 58 (P<0.05) 5 FEAf Vi V. Vg Dy 1
AL TH VMAT 5 2 00 F 2 1 )8 5 (P<0.05) , F1E
A SR A Gi it 2E 22 7 (P>0.05) 5 7R IE V0. Vy,
b AE S T VMAT i i | JE L P8 0 2 (R
Giiter 2253 (P>0.05) , R4S R LK 3,
23 ZHFENHRIELE

ANTRI T3 B 4 500 o3 A DL 1, BT DU B R
FLTH VMAT T3 1) #8 DX 38 T8 B fe 4, e 1 9] 5 113
(I8 T BE A 22, A e i s R A S R B e 22 . R
g 5 AN AR T VMAT 351 3 8 5 R i 2
VLIRS

PR EEEE  ZRERRET TA
WML, BT AR F- AR T7 7 A B R BRI T A
AT B S TR T AR N AL G R R IR T
Jrik , BEA TR BN B AN A J L IR IR T R i A
ENSETTARAS

A IO ) 3P i 2 0 ] e R DX
HHE O NESE OAR, AT AT 2 i 14 8 42 i
S A A R R T T R R Y, B AT
S M M SR 5 R i 37 1 7] 2 LA A DG HE Y. Graham
GUIR B, KV, ar B R <22% | 22%~30%
31%~40% M>40% i, 2 A7 TG 58 19 & A= 2% 53 )
H0% 7% 13% .36%. Jo 2510 5% il ik 1% 77 2 X dm o
FFWRSE, % B2V >65% B, S il 6 ) & A ok
B W41, Baumann 251 & LB YR 200 cGy, BT B
FHA 5 000~5 500 cGy RN, J6YT 2 4F I iU PR
R 0 K A2 M 1%, T 5 500~6 000 cGy 3%
N B 58 1Y e A2 3 R3K 5% T LA BER D,
W 3 4 000~5 000 cGy/4~5 J& , A 1l BE S 20k
SIEHBESR . Fukada 55" R I £ B 0T & AESE
AR AR EE D, O EZ R R & TR
AR R B . I/ OAR Y37 8 ) et fiE
B Yl TR AR 5 0 e A

F R R A B L IX A, BRI A7
FE TR, A% A X5 o 1 3 T 8 o O v R
Ak, TR — R RS 2RO T
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Tab.3 Comparison of organs—at-risk dosimetric parameters between different radiotherapy techniques
i Jits Wil
el
D,./cGy  D,../cGy Vi/% V,/% V,/% D,/ cGy V,/% V,/% V,o/% D, ca/cGy
347817+ 1343.67+ 877.17+ 21.53+ 1 468.33+
AEILE VMRT 49.98+3.25 25.90+5.03 18.00+4.10 81.23+£12.01 32.34+2.76
403.74 183.44 84.21 4.31 84.21
. 3656.00= 1432.50+ 962.50+ 19.29+ 1289.67+
BAR/E 53.41+4.67 28.28+4.80 20.11+4.78 76.32+12.13 28.53+4.54
394.14 277.38 108.49 5.68 215.92
N 3854.67+ 1559.17+ 857.58+ 20.73+ 1420.33+
AR TR 49.17+£3.37 24.59£5.39 16.90+5.31 70.35+10.24 31.284+2.23
338.53 201.57 73.57 5.42 148.73
18 8.078 1.591 3.334 3.275 2.625 5.792 3.305 2.020 1.918 3.497
P i 0.004 0.209 0.044 0.047 0.049 0.010 0.045 0.148 0.147 0.039
18 7.089 5.828 0.734 1.073 2.094 1.971 3.287 0.795 1.515 3.893
P,H 0.006 0.010 0.374 0.311 0.127 0.143 0.045 0.479 0.227 0.030
£, PR ARSL T VMRT L 58 LA A5 L £, Py AR T VMRT A e 1 8 L5 0 45 1

a:JE4LHE VMAT TR

b : LT 3R TR

c:AFLE AR X
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Fig.1 Comparison of two—dimensional dose distribution among different radiotherapy techniques

I7 R I AL AR I AR KU, , e 2 A 4L
DX A 2ok i R i DX R AE T, B e B DX e A 2 A 1
T AR AR IR G 4 3 R A A 2R R
S ST 13 B A 36001 [l A 449 2 73 B IR G 07 5, 1t
DCAE AN T 1] b B850 4 20 A PR 5P A (H 3R T
THE R SRR, D el i ) HR S AR, AT
SRR AP 5 1) A B A B A SR R R N R
AR AP J7 ) B A 23 . E e R AR
L 1T 9 55 B A T A Sk U MR L 8 R SR O
Hh, 8 SR B I T R SR R 7R X I A SR PR A
A EAARFA R R AR S i SR BOR B TR
BT AN TSR EA , 21— 20l il 52 BE 57
A R 2 (5 A — 20 ) AP T AR R
B i 0 DX 7R i B A R A PRI, £ TR IX
AT 77 1 L A E A ME 2 i . AR IL I VMAT
PR HARIL T HAR LR 1E 5 AL VMAT £
DT 23 A 4 B O A o DAL T VMAT AR X 3 1
A g AR L A g R LU BCAS R B, BARARIL

T VMAT | T 3] i A1 E e i 9 s &R AT LLGK 3 PGTV
FPCTV T 95% AL J7 77 578 25 1 20K (H RS
[l VMAT 7£ HI fil C1 I & & ft F 9k 3 1) 8 38 (P<
0.05) , AL A SR A LE , AR B Bk ar (A% A 5t
522 5% (P>0.05) s 7E 1 D, [, AE LT VMAT
b 2O A o A i A T 5 (P<0.05) 5 ZEAT Vs
Vo Vig Do I, AEFE T VMAT b I8 35 08 F 2 1 8 5
(P<0.05) ,{HFEE I i 5 AH LB G it2re 22 55 (P>
0.05) ; 760 JIE B9 4347 |, Zhang 25" BF 58 & L, O L
P4 TS P 463477 30 BB B 52 381 g 1) o SR )
B, BARAR ST VMAT KRR GHE AR, S B8R vV,
5, BTE Vi, Vo b AR R VMAT A i o 5 3R
TH I 5 2 BV Gei T 25 57 (P>0.05) .
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AT BN R 2R AL L AR I K RE XU TR s i
R 38 R26 A M R i 1 2 IR 500 AR B E L A
Bl T B TBCSR R i 58 TBCSR PR 5 4 4 R A A 2,
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