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Comparative study of dosimetry between volumetric-modulated arc therapy and
intensity-modulated radiation therapy for brain metastases

Long Bin . Xie Yue,Jiang Yong ,Li Shujie sQiu Da sWang Ying”"
(Department of Radiotherapy .Chongqing Cancer Hospital ,Chongqing 400030 ,China)
[ Abstract] Objective To compare volumetric-modulated arc therapy (VMAT) with intensity-modulated radiation therapy
(IMRT) for brain metastases with regard to the dosimetric character. Methods Sixty patients who were diagnosed with brain me-
tastases were included in this study. The target area received two dose levels using late addition amount technique, WBRT (30 Gy/
10 F) with following addition (20 Gy/10 F) to 59 Gy. For a fair comparison, VMAT and IMRT treatment plans were respectively
designed for every patient with the same dosimetric constraints. Dosimetric comparisons between VMAT and IMRT plans were ana-
lyzed to evaluate:target coverage and homogeneity, conformity of PTV; sparing of OARs; monitor units (MUs). Results Two
treatment plans all reached the treatment need. When compared with IMRT . there was no significant difference in Dmean of eyeball,
len,optic never,visual chiasma, parotid,brain stem,and external auditory canal of VMAT(P>0. 05). The Dmax of eyeball.len., pa-
rotid,and external auditory canal of VMAT were lower than that in IMRT group (P<C0.05). The VMAT group has the less MUs
(P=0.017) and less treatment time. Conclusion VMAT can reach the big-dose radiotherapy need on brain metastases clinically.
There are no significant diffference between VMAT and IMRT on Dmax,Dmean,CI,and HI. The Dmax of eyeball,len, parotid,and

external auditory canal of VMAT were lower than that in IMRT group. The VMAT can reduce the radiotherapy time.

[Key words| brain metastases;volume modulated arc therapy;intensity-modulated radiation therapy;dosimetry

0 5% 98 2 S P SR R A i E IR RIE L —
25 %6 ~40 Yo 1) {4 50 e I R A 0 R TR 2 R R RS L i e L g
LAY R TR, 0% ~80 W KR IE N E k. Wi R I
B3E T 7 2b IR T R 2 R G RS R I R IR T Ik
SRR P DA b A R kL ok 3 A AT B e R AR AR
Z Rk WG R N ) 2 M &SGR T R . R IT T
A BURE #5807 (VMAT) & 2 sk i sy (IMRT) 4, H
[IRRE NV R A TN I B
JHF 988 B S S0 I 2 1 b9 Cn 5 M D) 18 BT TP, VMAT 45 2]
MG . A LR X £ & W EE RS SR F VMAT 5 IM-
RT R0 8 2 64T B0 58 30635 22 % B % B 090 o7 i B AR =X
1 BRE5HE
L1 Bkl BEE 2010~2013 44 B iR Y 60 il 15 Y £
R N 4 5 VMAT 4050 IMRT 41. 7 36
B, 4 24 B AR 4 37~62 %, ALAR A 47.5 2 5 il 20 4], 7L

T B

fEE B ek (1970—

) EVR BN AR 32 B R O IR IT RIS .

g 20 i), PR R 3R 10 41, T AL TE o 8 il B e 2 .
S A2 B Z 4G 5% MRIGES:, 18 ] £33 CT fiE 52, 10 fi] &
PET-CT LS N £ & Wi B . A B H Y KT
3ARE VRN, B AR T 3 A s B AL G g
I J5 & 28 TP AR BT G TR 525 O 22 2R B K 3R 9 R
JE AN RG] . HEBRARUE : AR R R AR RERL A& A
AR ™ TG U™ TR AT s

1.2 Jiik

12,1 {RfiFEE K CT Bl e R F 4 E Philips 2 &) 19
KA CT, 1 56 4 0 M, T 2 P00 5 o Sk 3k 2
EH AR AL, XUCT TR . TR B KAl A
i Ay Bl R A 2R RN 3 mm, EGGE a3 BT AR A
54 R G5 i & Eclipse JBHAIT IR R 5 T .

1.2.2 H0X )i

1.2.2.1 REXAEEN X E X2 7% Ebr e 5 A& 3

A @iIRAEE . E-mail: wangyinghm(@ gmail. com,



4536

43 50,62 5 3CHF T Bl R S 5E DX 20 4 . AR X (gross
tumor volume, GTV) . §#£ £ 9 k: (AR #% 3% 5% MRI.CT.PET-CT
% 25 A #4772 D . I REE X (clinical target volume,CTV) ;
2. TR R AR BP9 #E X (planning gross tumor volume,
PGTV):GTV #hjik 3 mm, it %] il JK # X (planning clinical
target volume, PCTV) :CTV #pji 3 mm,
1.2.2.2 & M #%H (organ at risk, OAR) Y /) [
B AR LSS P 4 A R
1.2.2.3 Abgyilat Bf B2 2R UG Wi 5 R 80T o
BT PCTV:3 Gy/FX 10 F, J§ # n & PGTV.2 Gy/F X
10 F R B M 5 K. AT T KT A8 B FHEES
B T ) Y RN A OAR AN H & (RTOGO225 il
RTOGO615 KI5 #E)

1.2.2.4  dFRI& BoR R E R AIEE VARIAN 26 1
Varian IX 1 28 /il 3 &8 . 6 MV-X £, 527t I8 5 , Eclipse 8. 6. 17
IR &R R T B AR B YA 7 TR % 60 i) iR 35 SR AR W] 57
A AT WU VMAT #1 IMRT 57 & 312, 5 & PR AR
% RTOGO225 Fl RTOGO615 A7 #E, M :95% i) PGTV K&
PCTV RyRFIEZ 95% ~100% A % & ; 54K Dmax<<9 Gy,
A2 22 XL T A H i Dmax<<54 Gy, B R V30 <
50% .

1.3 S P s s (1D $E X 735 5] &2 (Dmean) | iz K
F & (Dmax) GE B (CD M SR E(HD . (2) OAR:
Dmean,Dmax, (37897 Bk%k.

1.4 ZEil2#4b¥ SR SPSSI8. 0 A #FAT S b i
PR T s FoR R HBLXT ¢ K050 . P<<0. 05 9 22 R A1 i3t %

) T AL R

=

Ny
m <

=

2.1 WEIXFIEMAEE HE XOF B BB A T A 2
AR H XA T 3 OE T B A R L T R 25k )
AbJ7 F R 35 95 VOB AR AR, LI 1.2,

B 1 60 BIBEHNBXFHFNE-ERSH

B 2 60 BlBEERALANTEHHNEERSH

ERESF 2015 F 11 A% 44 5% 32 4

2.2 MXF R VMAT 4 f1 IMRT 4 PGTV [y
Dmean.CI & HIH AT, WAL L Z R LFE T E XL (P>
0.05), W1,

x1 AABRMWAEFILE (TLs,cGy)
M IE 5 IMRT 41 VMAT 41 P
PCTV
Dmax 6 386.700447, 850 6 426.330+50. 080 0. 250
Dmean 4 811.810221.410 5 022.8802437.220  0.630
HI 1.5214-0. 011 1.47640. 027 0. 880
CI 0.73040.053 0.62040. 047 2. 450
PGTV
Dmax 6 385.170444.780 6 426.000473.260  1.230
Dmean 6 139.7304+914.830 6 205.250+187.450 1.550
HI 1.041+0. 415 1.04940.018 0. 380
CI 0.82040. 048 0.930%0. 064 1. 890
BkB(Muw) 1 383.500+65. 200 675. 900434, 800 0.017

2.3 OAR M b W ER SR B 28 38 SO IE AR .
T S A HEGE S sz BR A AL, E R LRI E X
(P>0.05), VMAT ZMREK . &4 B8 K 4 B T8 g #4070
K+ IMRT 41 (P<C0.05), L 2,

*2 A OAR WFIEF LB (TL5,cGy)
RS IMRT 4 VMAT 4 P
FURCESS

Dmax 4393.80467.71 4 279.03463.18 0.653

Dmean 3 246.71449.63 3 359.85+44. 39 0. 287
M2 X

Dmax 4397.83463.60 4 593.51462.79 0.883

Dmean 3996.77+52.66 4 091.85+56.39 1.652
il

Dmax 477.324:58. 77 334.56452, 54 0.033

Dmean 278.84+40.09 298.98+53. 39 0.084
8

Dmax 1493.27461.02 1 027.13436.07 0.025

Dmean 1 389.33449. 23 1 437.88444.95 0.656
HhEE

Dmax 2454,27471.02  1977.13458.07 0.046

Dmean 2327.38471.54 2 391.36454.35 0.651
AR Bk

Dmax 796.27+15.02 577.13419.07 0.024

Dmean 696.97412. 6 705.36411.35 1.243
i+

Dmax 4396.27485.02 4 362.13%99.07 0.528

Dmean 4004.23467.33 4 109.36481.35 1.235
2.4 BHLEBEHE VMAT 45 IMRT 410 5 kP15

R4 3R (675. 90 4 34. 78) Mu 1 (1 383. 53+ 65. 19) Mu,



EREF 20155 11 A% 44 5% 32 8

VMATH VB > T 48. 9%, Z B & il % & L (P =
0.017), VMAT #H I8 5t s} 1] 5 4 .
3 i it

i % A% 8 S 22 R BUTE A3 A L A D I I P R G R
it 2 DA ) R I A 5 AR A R T TR, I R O AR AR U A
WRARHATIRT . AREFWBE R AEF 3 ANA LS . &
AT S T AT IR T AL A AE I AT 4R i 3~6 N LA IRE
TR AT B AT HE T 12 A A D A T A T I R R A
BORYT T B W9 7 22 R P I % B 8 1 S AR VR T O 4 I
9T A2 M TP X 2 P PR A A A A BB R T R g
B E POESF IR 3~6 A A . {HH IE & K 414U AE % it
T 11 Fpe R Sk 1 RS S Rg ) R R R 32 B BRI L O 30~ 40
Gy/2~3 JH . it B BRSO % 05 3% B A I i B 6 35 A A7 39
BRG4GB IS % B i kN & B AT LA
P A A AT DUSS A = i B 0T (3DC-RT) | 57 44 & 17
B IR YT (SBRT) (IMRT , 25 WK )22 1 58 07 [ 26 in it (HT)
B VMAT 47 i B4t . Bayman S50 3R 8 )22 181 5%
97 Xof M0 % A% kL AT IR) A5 D0 i ST  Lagerwaard 8585 3R i 28
IR IR BT X R A A% AL HEAT IR 25 0 O BB R B T R

2 APUE 7 R 3 v A R E % R 5% (Rapid Aro) 78 O 8 45 i€
S gk (IMAT (9 —Fi, JLAG #3222 38 B AR AL 45 Bk 8800 o 2
AT B [ A 45 S [R) B R 8 8 R AL g8 IMRT X AH [7] 21 &
T 1) 3R AR A

AW KB, W4 PGTV (% Dmax, Dmean, CI il HI K
L, ER G2 L (P>0. 05) ; B Xt 55 & £k (098 57 K 1
VMAT #1 IMRT [iG57 5% H B # 2 5.

PR YT AL W IR ER L R A 2 38 30 IR i T &%
HNELE T2 57 BRI B AR AL, 25 R RS2 8 L (P>0.05),
B VMAT 41 ¢ BRBR L a7 TR IR B A - 38 1) #4505 i ) AR
F IMRT 4, &XJ2&E N VMAT Jyiloe i o B =, A Rk
IR VR B A A BE 35 7E 90° ~ 270°, 3% BE A LA 5 4 1 20 - i
B I T A 32 R R A DT U6 2 B BR L A AR B AR R A
AR el WL AR VMAT 8 5 50 A B 47 45 4
BHEMNIEH SR HII6E.

VMAT FIF /5 i i 98 B0 <36 97 B 8] 09 OF 92 © o B f 4
L% IMRT [\ 45 & 3DC-RT J5 3 i K & #5748 & 1) ik
SONRHE YT A W e B TS T T AR 55 T8 vk it A7 K i B T Y
AR o TAS IR S0 R IR R A AR 2 0 kL A2 A AL A5
BOAEWFI R A AT T . VMAT B3R 77 i A48 IMRT B3 &8 47 44 .
TE3E T e i AN R it 52 4 B[] S Bl 1) A 4 4 IR 0T

2% 30k

[1] Norden AD,Wen PY.Kesari S. Brain metastases[J]. Curr

2]

(3]

[4]

(5]

[6]

7]

(8]

[9]

[10]

[11]

(12]

[13]

4537

Opin Neurol,2005,18(6) :616-654.

Landis SH,Murray T,Boldec S, et al. Caner statistics[ ] ].
CA Cancer ] Clin,1999,49(1) :8-31.

JBERHAA. bR O A 9T 24 LML 4 R JE st . op [ o 0 R AR
K2 kL 5 2008:1200-1201.

WA AR, H UL, AR WS R 5 AR AR TE
9 ARG O VAT TR R 2 LB LT D o R I R R
2,2013,20(5) :426-429,545.

5K Ji L 2RI AR M B R i A TR R iR R
A5 5 = 4EE 8 o7 R R 2 LA L) . ol R
R BEFRF IR .2012,33(2) 1 260-264.

B MISE R AR 5 L A FLRORE RS I BE T B 5 A AR
T 4 3 B AR A 700 I 2% L B LT o A o Bl YA e A
2011,18(19) :1544-1547.

Verbakel WF, Cuijpers JP, Hoffmans D, et al. Volumetric
intensity-modulated arc therapy vs. conventional IMRT in
head-and-neck cancer;a comparative planning and dosime-
tric study[ J]. Int ] Radiat Oncol Biol Phys,2009,74(1)
252-259.

$ 75 aROR S, B L SR SR R e A R G T T
BT IR SR BT TR g H F R LT ] BRI B, 2012, 12
(7):16-18.

RN e — W, AR S5 i SO JRE J8 A 7 RL 81 5 5 2 27 BT
FEL1]. BAR IR B2 2%, 2013,21(2) 1 277-279.

FRE S Ph O S T SRS E WA R 5R 5 AH
e % R SR O R T R 2 R A LT DL i KA AR IR
2ERLAERR L 2012,33(3) :402-406.

Li B.Yu J,Suntharalingam M, et al. Comparison of three
treatment options for single brain metastasis from lung
cancer[ J . Int ] Cancer,2000,90(1) ;37-45.

Bauman G, Yartsev S, Fisher B.et al. Simultaneous infield
boost with helical tomotherapy for patients with 1 to 3
brain metastases[ J ]. Am ] Clin Oncol Cancer Clin Tria,
2007,30(1) :38-44.

Lagerwaard FJ, Van Der Hoorn EA, Verbakel WF, et al.
Whole-brain radiotherapy with simultaneous integrated
boost to multiple brain metastases using volumetric mod-
ulated arc therapy[J]. Int J Radiat Oncol Biol Phys, 2009,
75(1):253-259.

OfeRs B 1. 2015-07-18 & 18] H 191 2015-09-26)

CEE5 4534 70

[21] Shen CX,Wen Z, Qian YH.,et al. Targeted gene therapy
of nasopharyngeal cancerin vitro and in vivo by enhanced
thymidine kinase expression driven by human TERT pro-
moter and CMV enhancer[ ]J]. ] Exp Clin Cancer Res,
2010,29.94.

[22]

Shen CX,Wen Z,Qian YH,et al. Enhanced thymidine ki-
nase genevector and its killing effect on nasopharyngeal
carcinomain vitro and in vivo[]]. Zhonghua Er Bi Yan
Hou Tou Jing Wai Ke Za Zhi,2010,45(5) ;414-419.

(Wi Fs B #1:2015-08-18 &[] H #1:2015-09-12)



