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[(HE] HM e e : 2 FLJH 58 (volumetric modulated arc therapy, VMAT) 5 [& 72 7 B 3 75 14 5% ( dynamic
intensity modulated radiotherapy , dIMRT ) 75 & HUE T R0 50 B 22 25 5, SHRE B0 BT AT O 2. Jiik 10 )
B 30U B AL A VARIAN 1% 245 (Eclipse 8. 6) 435/l & 5K VMAT F1 7 ¥ dIMRT 57 it3 . EeBmAp Rl s X S5t
5 P TR B LB B A TR 25 B 1 3R e 2 SRR T R TR BT T AL 2B (MU ) SRR sF 1] B iRl ol 06 AR I ) 22530
4k 578 AIMRT A LG, 3R VMAT $EIXIE 5 IR E(CD HHEET 1(P <0.05) FBIX R & 25 50 s $ (HI) 6 W2 25 575
Do KT 7 ¥ dIMRT 57 31400, B D, AR J5 il i, 22 R B S22 L (P <0.05) . 7EZ3K VMAT %] o i
BRI D, BEILT 7 B AIMRT 130 (P <0.05) , 17 Dy, B #3875/ B BE B 1 E R AR 47 1 Z 9K VMAT £
7 BFAIMRT FEH AL H, B REAR G 1A B PR E SR . 9K VMAT i MU g 7 B dIMRT () /4, J8y7 i [l b 2/3 . g5

K VMAT HHRIAT LA RIS T 7 B dIMRT 3-8 88 X500 52 4041 , B 0 47 L BRI 3B 4 1 B A By ) 32 B i, i i v 4
ZUN IR X (20 ~ 30 Gy) IARFREY /b, 9 H B A 8 MU UBGE YT B R L3, 2 SO TR 7 1T R 8 i
BZ—.
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Volumetric modulated arc therapy with double arcs vs seven-field fixed-gantry
dynamic intensity modulated radiotherapy in cervical cancer. a dosimetric study

Cui Tianxiang, Jin Junyu, Xu Yanmei, Dai Hongya, Sun Jianguo (Institute of Cancer, Xingiao Hospital, Third Military Medical
University, Chongqing, 400037, China)

[ Abstract | Objective To compare the dosimetric difference between volumetric modulated arc therapy
(VMAT) with double arcs and seven-field fixed-gantry dynamic intensity modulated radiotherapy ( dIMRT) in
the treatment of cervical cancer for the best plan of radiotherapy. Methods Based on the Varian radiation
treatment planning system ( Eclipse 8.6) , 2 arcs of VMAT plans and 7 fields of dIMRT plans were generated in
10 patients with cervical cancer, respectively. Dose volume histograms were used to compare the target volume ,
normal tissue and organs at risks in the radiation field. Machine number (MU) , irradiation time and optimiza-
tion time were evaluated to assess plan quality. Results Compared to dIMRT, conformity index ( CI) of

VMAT was closer to 1 (P <0.05), and D,y were significantly greater and D, were closer to the prescription

min

dose (P <0.05), but there was no significant difference in evenness index(Hl). D, . of caput femoris were

mean
significantly lower in VMAT than in dIMRT(P <0.05) , while D;,, was similar in the 2 planning. There was no
difference in the protection of small intestine, bladder, rectum and cauda equine between VMAT and dIMRT,
but the both of them reached the clinical requirement. The MU of VMAT was a quarter of that of dIMRT, and
the treatment time was only a third of that of dIMRT. Conclusion Compared to the dIMRT, VAMT shows a
better effect in target dose distribution, reduces the irradiation doses on organs at risk, and decreases the vol-
ume of high-dose area (20 to 30 Gy) in normal tissues, with the advantages of less MU and shorter overall
treatment time. It is a better option for the development direction of cervical cancer radiotherapy.
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( dynamic intensity modulated radiation therapy, dIMRT)
J& FAT A T 07 J7 5, X T = 4E5E T i ih
J7 ( three-dimensional conformal radiation therapy,
3D-CRT) BEIS/ D 215 P IEH H 2 Y 52 8, (o DX P 77
By 4 {H dIMRT S2FRiG Y7 I [ K, SCHR A,
AEALSE 5 BF dIMRT YR FIN ]y (357 £32) s . i
RS TISTR] A RE IS, J6 7 i R R AN B E RS Bl
TSI TIA ST B AN E DR B, SR TR e R T AR
o ITAERHE A i 28 B 5 (volumetric modulated
arc therapy , VMAT) ELAT H 2 BHAE 7 0 B )
AT (Rapid Are) /525 —Fl VMAT J5 20 2 9
Otto"* JIF 5%, VARIAN Eclipse8. 6 1% & 45 42 14t 1
Rapid Arc FORRLE—FF 28 1) VMAT $0R . AHFSE
I HIBC A Rapid Arc DARER FLHL %2 Trilagy il a5 52 3
(9 VMAT, 087 He 5 dIMRT 7585 S0 6 S 7 X R G
Lo B R R AT B ARy 1] A PR A 28 5

1 wRSHE

L1 s s 8 & — A 504

TEHC2012 4F 11 A 2 2013 4F 5 H TR B2 105 S0 &
10 7] AR 0% 48 ~ 67 % P AR IS 54 % BT T AR AR S
BT 4 B R AT 6 Bl BIsRAT VMAT 5 dIMRT
{0) CRT=P I =S
1.2 F&%
L2.1 CTHEN BT CT FHMATER 1.0.5 h 20K
JIZ#45 300 mlL 35 7K HE PR LA PR TIE 5% Ve 8 B2 5 282, 41 41 i ol 6 i
JREAACE , S8 LA AR, AR PRI [ 72, CT 414 [] )
R L AR B U T SRR SO ~ 100 mL FEAT AR XS He s
Mo CTHAMTEHI B 1 BHE F% AT LT 2 cm, 34
JEIE N 0.5 em, 9485 B4 1815 28 JR) 3809 1% %y 2 VARIAN
Eclipse8. 6 J14 R4 TAEM , T =4t K%
1.2.2 #EXHE KA E 2 M T T RIAT, b 3Rk
JiiR ] VARIAN Eclipse8. 6 {67731 RI R 7E & (i CT K& L&
JE2) LR AR S A B 98 7R AR (gross tumor volume, GTV)
CT MRI D) K PET-CT 5545 4% Fir U B4 J5 R M 6 11 J) 0 4 % i E2
LR GO T 25 5 B Ao i R HE IX. (clinical target volume,
CTV) uF5BE F B 172 S BIIE | 138 55 4 SR 4 1k 2 5
U DX (AL A5 R 32 Sl B S g S 3 bk 4 AR IR 32 3 ik B
SCHRON BRI P AL BRI SR X)) o TR X (planning
target volume, PTV) 1713 R 48 A sh A4, 73 #I1E CTV LK
B Ja SN 0.5 ~ 0.8 cm, [R] I 2) i 305 1) /i B
e 1 e B XU BBk 5 FE I 4% 1Y (organs at risk, OAR) o /]y
[ LA /0N i Mo 0 B G ] R M R T4 8 B AL 4 PTV DL B
2 em; BEBEELIE SEECIRAS T AR ; H L5 B LA AL
ALY s BB Sk e A 5350) ) ] (AL B 350
123 WIFHEEE 30 VMAT R 6 MV X Bk,
IIBET B BRI £ 360° (G313 & 4R 1 179°, 2% 11 £

181° ALk £l 45° R A 0° A £ A fi fy 181°, £ 1k /1 179°,
Bk A 345° R £l 0°) BEFE IR YT, i K& % Ky 600 MU/ min,
7 W7 dIMRT %1 : 5% A 6 MV X §48 .7 87 (0° .51°.103° ,155° .
206° ,257° ,308°) 3443 A B 7 203 [ sh AR BT, SR &
% 300 MU/min,

BAETEI R g — & PTV 47l hy 95% DT
50 Gy,25 ¥k/5 J&,{#i ] VARIAN Eclipse8. 6 3&J7 %1 &G i1
TRIT A DK R PR AE O 95% %55 it iR A1 5% 100% PTV,
THRIPEA 24k PTV $23% <95% (AL 5 I B R B <5% , PTV
3% > 110% (AL i F AT <20% . PTV LUAMTfi #8405 A g
HEL > 110% M FI RS

IR A LUR R ARk 5% 1R FZ B Dy, <
50 Gy; /M Dy, <30 Gy, Dyy,, <20 Gy ; JBEIBE Dy, <40 Gy; B
IKFN 60 Gy i AT Voo o, <20% ;3 BRI KRG H Dmax <
45 Gy,
1.2.4 3FRIPEME PTV. 8 SCHE IXF 038 2 35 41 ( conformity
Index, CI) 3551448 %1 (homogeneity index , HI) ATEHri1£i] ity 1
XA o CL R FH R X 50 48 7 5 R A OAR R EAl 1Y
Van’ t Riet™ 24 20: CI = (PGTV,00, /PGTV) x (PGTV 5,/
Vi ) » FeH PGTV i3] g #LAR AR, PGTV 0, 7 100% (1 41
J7 B 5 1 PGTV IRTR, Vg0 S 100% 1 40 75 H: e 43, 25 14
RARRL, CLENT 0 ~ 1,0 1 FRm 38 X (1935 JE Mty

X HI 2% ICRU 83 S 45 # I, i X - HI =
(Dyy, = Dogy )/ Digg, o FHT Dy, 52 2% 0 IX AR FRERZ 1 7 82,
A8 DX 3 AL K5 8 5 Do, A2 98 % M IX PR R 22 52 1157 =, by 8
IX. B30 B 5 /N 5 D 2 50% B IX AR R4 32 19 300 £, R UL T
B S350 B, HI BT 1 SRR A ) B A 35
PERRAE

EH ALY N Dsy, M D, OB 3k 32 B0,
Dsoo, \Dago, LAS D, FEN /N H M RN e ) 37 BEGR i, D, B
AN NN R I R OR S ==

jo 3% VARIAN Eclipse8. 6 1837 11X & 4t il & Fl /b VMAT
P14 & MIRT 3% BT 75 2 A4 ] .
1.2.5 s sksh (MU) FiGy7 i e H & S AR TR
BEREIPYATT VRIS PRIB A T80% , LA IE 7 0 19 7] o 1 0 3k
FORITAYT BT 1) AR BRI B RN
1.3 %t 5om

Bl Lh x =5 Fm SR SPSS 17. 0 e il R AR ¢ 46
AT AR TR 22 R

2 HR

2.1 RRANEHSHE5ELE

PARRTRI A 700 58 43 A1 15 BB A% 0 A2 B DX A Dy R B R (R
1), VMAT {}&1)5 dIMRT 3| RIAHH, D, JE2E 5 LG # 5 L
(P>0.05),1i D, f1 D, { VMAT % &5 (4 529.8 £91.3) |
(5155.2+12.2)cGy,P <0.05] ; [RIAF VMAT 1RIA Vigoe i1 T
dIMRT 3% (P <0.05) , V 050, & F dIMRT 351 (P <0.05) , i
B VMAT F1-SMR R 2 X (¥ a5 il 7 o X (3 ) 38820, 5 i
P5 Ry, He CI{H (0. 803 0. 014) 5 dIMRT A LA BE $:3
F1(P <0.05),HI {f VMAT %5 dIMRT 1 %) (P >
0.05) , FE— 1T VAMT 15 2 A8 X5 A 1 5 4, 1 38 [X 51
EHAET AR (E 1),
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*1 10 fIEHEEE TN VMAT 57 5 dIMRT $EXFESH LR (x 5)
peig Dy (¢Gy) Dyin(cGy) D ean(€Gy) Viooo (%) Viosw (%) Cl HI
VMAT 5433.7+17.5 4529.8 +81.7 5155.2+10.9 97.1+0.1 6.4+0.1 0.803 +0.013 1.042 £0.018
dIMRT 5460.0 £34.0 4264.0+54.4 5104.1 6.2 96.0+0.3 9.7+1.2 0.746 £0.016 1.040 +£0. 025
i -0.687 2.789 5.846 4.105 -3.279 -4.588 -0.246
P i 0.509 0.021 <0.01 0.003 0.010 0.001 0.811
F2 10 GIEHREEE I VMAT 57 £ dIMRT BERBEFIESH LB (v +5,¢Cy)
JBetrk /N Hh TR o
icigap !
Ds Dinean Daos D3ps D56 Dinean Dsos6 Dinean Dsoz Dinean Dinax Dinean
VMAT 4376.3£132.6 3025.6+85.6 4228.12270.7 3559.6+321.7 2122.8+341.7 2446.6+231.9 4951.0£95.0 4948.0+114.2 4829.2+118.8 4745.5+96.0 4 163.8+69.5 2098.1+287.5
dIMRT 4363.8+134.6 3300.5+120.7 4301.2+257.3 3663.4+304.8 2186.0+388.7 2596.2+339.1 5019.8+40.6 4929.0+84.9 4671.3+137.0 4464.1+112.0 3561.1+181.8 1610.6+243.1
Al 0.110 -3.69 -0.807 -0.751 -0.24 -0.378 -0.873 0.38 1.610 4.082 3.221 3.993
P1H 0.915 0.012 0.441 0.472 0.813 0.714 0.406 0.710 0.142 0.003 0.010 0.003

1 =3 VMAT 57 % IMRT it XM FIE S L

2.2 BABEZBRANEERILE

PRI AT i AL BT A A R 75 B ok DR 3k
9K VMAT 340 1 BB 3k 9 D, B F AT 7 57 dIMRT 34
(P<0.05) i Dy, B UL (P >0.05) . @71 : VMAT 141
HUNBE Dy Do <Dsose Do 8 dIMRT IG(P >0.05) . ®H
[ : =% Dy, A1 D, 22 BT RGETTE B X (P >0.05) , @
Joe s VMAT 18] b g e i D,,..,, 58 dIMRT &5 (P <0.05) , i Dy
LRI (P >0.05) , 0] VMAT +H-%1 ol e £45 IMRT X,
{EATY SR G S I PR Bk . B4 2 - dIMRT %1 D, F1 D, 24 i
KT VMAT(P <0.05), W32,
2.3 BBATER N OEE LA LUK B o b AR

WL TR o, B B N 32 5 Gy AR R %
X, 332 10 Gy SR AY AT VMAT 31-%)& F dIMRT |
RI(P<0.01) 325 20 Gy 130 Gy §F£51H1AF VMAT %1
PHET dIMRT 3% (P <0.01), 4% 40 Gy H 2R 5 & 5 A1
VMAT 45 dIMRT $1-%I3E % #2305 (P =0.980) , W3 3.

£3 10 flEHF =31 VMAT 5 7 ¥ dIMRT [E& 44 (B-P)
HEFE(x+s5,%)
eigapl Vs ¢y Vio ¢y Vao ¢y V3o ¢y Vao cy
VMAT 63.83 +1.54 55.68 +1.22 35.73 £1.03 20.09 +0.67 12.77 £0.68
dIMRT 63.69 +1.34 52.87 +0.94 39.10 £0.82 21.61 +0.65 12.76 +0.47
t{H 0.411 6.591 -8.002 -3.351 0.026
P1{Y 0.691 <0.01 <0.01 0.009 0.980

B-P 3 CT 4246 % 8 & 4k (Body) #,.% PTV #9454

2.4 #RHEHE MU F236 57 B Mo gk

VMAT 3l o) 72 1 ] 5 120 min 7247 , dIMRT -4
{1y ] 5 165 16 49 40 min 247 , AIMRT -3 it i 5 1 o B 4820
VMAT 351 ; VMAT $-%] ) MU 2 454. 6 +81. 6, %5 dIMRT &1
(11 585.9 +139. 4 B @I (P <0.01) ; VMAT ({13477 B [A]
(S 2 1], R 4 455 42 ) g (136 = 13) s, {XAL N
dIMRT J&¥F I AY 1/3(P <0.01) .

3 W

VMAT $ A e 71 Otto™! 15 2007 4E$2 H;, HATE
KRR AL 5 A 36 Varian 23 7] Rapid Arc &
Blik VMAT, £ 8 75 240 I 6] P 3% 51 55 IMRT AH 24 &,
SHALHATTRCR o VMAT Ji i B LAk, [ 9 4k
E A 8 2 SCHk LB S dIMRT #2255 0
RS0 R s A g g % . 5 IMRT AH Eb, VMAT HA
AR 150 2 TR TE 5 AL 20 BIORE Bl 20 o ol 28 i e 71
A VAT I ] S A A AR TS L A U
VMAT 15 dIMRT {81 )50 5 2 L3670 ) 2 288,
AR HE s s s AT

AW I, 75T S WG T, R A R
VMAT $AR7E CL 5 WAL T 7 %F dIMRT 3151, i 75
# HI 22518 K, 3B VMAT AR X ) 5& I 10 F
dIMRT -4, HA & 53 A7 35 5] A 25 T dIMRT 3141,
THYIREAR L M R I PR ESR . [ VMAT 76§ X
H DG A 2 BRI )7 T 5 dIMRT 3151 4]
U H B AR T B LT dIMRT, X5 Cozzi %5 ff
FEEEFAL . BN WA SCHRRIE VMAT 76 B i L 5
W9 it s LA R st s 8 8 9 I FH v 38 R A5 A A8l 5 4
IX 7 o R R ARG M B S IR i R ARk
B, K VMAT R 76— & TR 1 REFEAR I Bk 197
Y32 BRGTR L TAE /NG BRI L T M 0 R A AR b
37 B AIMRT JCHA S8, (AT RE AR f b il L 1fs R 22
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Ko ZHR VMAT AR 1) 5 — 0 02 B4 5 9 1
WA R X (20 Gy F130 Gy ) 52051 i 4
UL T 7 B dIMRT 3%] (¥ P <0.01) , i 5 A F T
o RESRTIEF N I AE R LS, i — 2D R AR T AR
DL BT e 0 R RN o

AWFFEH K VMAT 3151048 7 B dIMRT 3 %] #£
T A MU FLEGRY T ] R E R H. =
I VMAT 3% 5. MU ¢ A 7 B dIMRT %] 1) 1/4
Kty XIEPH IMRT fE7E—A 54 o i T B i
SF-TAT 3 A A2 T s B0 3 2 A3 A 5R) A
BRI A B AR H e 5 38 R G SR T Y R T
VMAT P57 i fe vh — B AL T e s s, A
FEAE—A- P, A AR 2 B A 7 1) Bt
AOLE . A M S, IMRT #% AT 48 46 81 £k T
BOE KT VMAT (1) £ JEFIE AR, B s IMRT 45 4 X}
FUAEES T 8 A BR ok A% v B A R )T 5, IMRT B
RVINT VMAT s B (67 8, Bk VMAT [ 5528 A
PRSI T LA A o AR — E
VD TR R WA T A e s A
A, K VMAT 4 23a Y7 B [E) b 7 BF dIMRT
/0T 80% LA b, FRETE 3 ~4 min gUA] 58 IR YT (5K
B 2RI ), AN HE AR AL ] ), T SR A T
(] 4R TR RS 7= A 8 AR JB, B AR T AT 43 R P R
ERUNIVE 25 N AR N PARYY V| Bt W N el e a9 )
Al

VAMT AR ZAETE T 76 50 Gy Wb Rl T,
TEH LU i B X (Vg ) BRI I 55—
I, HAij7E VARIAN Eclipse8. 6 Ja¥7 113 R 48 T il &
TR VAMT TR0 55 B ] 29 2 7 BF dIMRT 3% iy
TN 3 4%, 110 H VAMT %1 09004k Jr 22 %8 dIMRT
TR i &2 2%, X5 B ) TR 48 56 4R TR i 1)

g5 LR, 758 S T B, 9K VMAT A L)
13515 7 B dAIMRT FH 3T 9 #8 IX 0] 850 A7, RE A5 A5 20K
DR Sk X sz IR 9 H B S R AR E B AN =
FIHE (Vag gy~ Vao o) FRER FEIR YT I [ ALEL MU | —
9K VMAT [t 7 B dIMRT L3 B] , H — 9 VMAT
TE B SR AT R rh, BB 4S8 = R A A
WA, IR IR AR D TBYT ik N RS A
PR Bl A B RFRAR AL RIS 3l S5 AN M 2 R 1Y
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