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Effect of different types of multilead collimators on the dose distribution in volumetric-modulated

arc therapy following breast-conservative surgery for left breast cancer

ZHANG Fuli, XU Weidong, JIANG Huayong, WANG Yadi, GAO Junmao, LIU Qingzhi, LU Na, CHEN Diandian, YAO Bo, HOU Jun,
CHEN lJianping, HE Heliang
Department of Radiation Oncology, General Hospital of Chinese People's Liberation Army, Beijing 100700, China

Abstract: Objective To compare the impacts of 3 types of multileaf collimators (MLC), namely MLCi2, Agility WLC (A-MLC)
and Beam Modulator-MLC (B-MLC), on the dose distribution in the volumetric modulated arc therapy (VMAT) for postoperative
patients receiving breast-conservative surgery for left breast cancer. Methods Based on the Monaco treatment planning system
(version 5.1, Elekta, Sweden), VMAT plans using MLCi2, A-MLC and B-MLC were designed for 11 postoperative patients
receiving breast-conservative surgery for early-stage breast cancer. The conformity index (CI) and homogeneity index (HI) of
target areas and the dose-volume parameters of organs-at-risk (OAR) were compared using dose volume histogram. Results As
compared with those in VMAT plan using MLCi2, the HI and CI of target areas in VMAT plan using A-MLC were improved
by 26.3% and 10.8%, respectively, while those in VMAT plan using B-MLC were increased by 15.8% and 9.2%, respectively.
Except for the Vs, Vy, of ipsilateral lung and the Vs, Va of heart, no significant differences were found in the dose-volume
parameters of OAR (P>0.05). The VMAT plan using A-MLC had a higher delivery efficiency than VMAT plan using MLCi2
and B-MLC (increasing by 6.2% and 30.4%, respectively). Conclusion Compared with VMAT plan using MLCi2, VMAT plan
using A-MLC or B-MLC improves the HI and CI of the target areas. Among the 3 plans, VMAT plan using A-MLC has the optimal
target dose distribution, the lowest irradiated volume of OAR, and the highest delivery efficiency. Though VMAT technique has
advantages in dosimetry and delivery efficiency, clinical trials and long-term follow-up are required to evaluate the clinical
significance of VMAT technique.
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I EEZLR T T Bz —  KHIREALIRG RAT FE R DT &

I, R AT AR TO A AR 5 LR IR T AR A
I BN AR R BUR YT (VMAT)
F AR B A B e LR AR 3 W B R4 5 B R AR —
ERABURIGIR S, B s R 0 R CTISE
2k B %% (Multileaf Collimator, MLC ) % L i 48 fi
FUAJE VMAT BT 5 AR 1 534 (52 00, 4 1 R
FHRE A PR LR 4

VMAT F AR TE [ B35 (IMRT) $AR |
PEBEBE T TR B2 R HOR B & S 7 A i —
PR RR B AR . 5% B = 4538 I T F IMRT £ R

X, Pk ERRIX,
AHEL , VMAT £ R 32t o 2 L2 5% 3 . MLC - A il

IR s 3 ) I A2 Ak LA SR AT ) ) 2 R 8 RO R
R AR ARESCR

VMAT $AR B2 W T4 2R B B 7 14145 1

AR Sy IR T B MLCI2 | Agility 22 ik 1 #%

14 X . ENEE(OAR)RERAFFIEER
(A-MLC) i1 Beam Modulator 22 M- B 25 (B-MLC ) 1Y
BERFIA T 2R i #% (Elekta AB, Stockholm, Sweden) ,

BRI B CT BIURZ h & H M 248155 = Pin-
nacle’ 9.2 f(ADAC Inc. Philips, Holland) J4 7 1% T
Y3t , B2l 05 Bl Jeg B U 4K 4 ICRU 62,83 541
BEHFLIRE R ZL ARG VMAT 7R, 2047 ks 3 #h
AN[RIZEHRI MLC X VMAT T30 57) 5 20 A3 52 0, A
PRI FH IR 2 B 3 i — e 57

R ) I R DX (CTV) (T HRIEE X (PTV) Al
1 MBI 5TTE

% OAR, AL 45 22 A5 Jili O E X LR L 2 Sed bR 3 Jok
(LAD) . f5 4R 3 bk (RCA) . CTV AL4E 2 ik T 0.5

om FUIR IR PRI IR T HIRE 1 PTV i CTV SMi 7%
L1 s PR3 RHE R

I, A3 BT 1w LR A0 1) i MO R

T3 16045 FUANTC T om, i BE AU 1) i 35 75 1 2175 0.5
cm, B2 JRTT ) AN AR S N B R o b7

1.5 &%t
K H 1B 43 BT 7 1, BEHILIE £ 2006 4 9 H ~
20164F 1 H He3z A 2L PR 2L AR S T 0 11 1] 1
F LR 38~63 % AR 55 %

VA
H & 50 Gy , >R & B EIRE L 13T 25 K.
1.2 MLC 258

B 31 VMAT 11RIJ7E Monaco 181 TAER,

SER HER 6 MV X2k RPN (partial-arc)
410 mm, ]I B8 B K S8 4 40 cmx40 cm, I

IR AR R 1700, 28 1- B 310°, H1 T B-MLC friig
MLCi2 H 40 X i ¥4 i, 78 55 oAb 45

TE R R STEF 21 emx16 em, H T S22 580 X
WOk LK e 90°1, Ry TR ARIET T EL At b
soarpr —80 BRI S-MLC AT A-MLC A9/ MLk AR e
KRB EE N 2 en/s, FHXTIT H 2 (][] B 2 /0 7
Smm. TR 7R Sl SRR R A A 0 O bR R
MLC i K ahE S M 32.5 cm, Af 3 Hr04k 12.5 cm,
MLCi2 BEMETE BN B

90°, OAR [l RRE 415 F5 1 1, LAD FIRCA &
TR AR A A, SO F 1
A-MLC H 80 XJ I Fr #4 Bl , 78 5 oAb f

45 mm, AP B GFTE /40 cm>40 cm, I F K

Tab.1 Dose—volume constraint for organs—at-riak (OAR)
OAR

By
¥ sl N 3.5 cm/s, 5 # B% 5 DLG (Dynamic Leaf
au
E\ﬁrl:&'

=1 OARFIEMRFAPREISZ
52 i )3
Guide) BB ML F 153 6.5 cm/s, M F Al 2 i IR 5

Ipsilateral lung

Dose/Gy Volume/%
30 <20
20 <30
10
B-MLC i 40 XH Mg, eS8 b A e
A4 mm, F KGTEFRSE R 21 emx16 em, Wik
RSN 3 em/s. AT A (8] e/ A B A S mm,

<55
<15

Contralateral lung <10

Heart

<8

Bl E T EIR 3ROSR 2R MLC N 7%
TF Monaco 78 J7 i1 X & 4% (version 5.1, Elekta AB,

Stockholm, Sweden) A LA @4, JHAR G FH AR T
T A P 0 A, B0 S ARABETRY MA THT AR UE MILC AR
(I HERPE

FE T AT e AT CT R HE 14, W FH 85 em K
FL12 CT B4 (v AL (Bigbore, Brilliance, Philips, Hol-

land) ., HBHEENFFLIRFCEE (Medtec, USA) [, XU
RS R SL TR R R 2 FIE R 28
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1.6 txIEEE

HRAJE 3 VMAT 3757 3R 7R X 5 K 2 (Do)
(2% HA 3 DX AR B B A 30 4 ) L e /N F) 2 (Do) (98%
A DX AAREGT o7 )R ) P35 3 ( Diean) 32 PESS
B(HD" EREREE(CD", OAR BT S8 2
SRR KT UG 9 OAR IR FHE 43 L
1.7 it EH %

Hi vt 5 B>k HI SPSS 18.0 4t 141 {4 (IBM Inc.
USA) , Ge it 27 05 i R IR &R 5 22 43 1 (one-way
analysis of variance) , it # 7K F a=0.05

2 8 B

2.1 PTVHIESH

3 Ffr VMAT JBCP 11500 g 88 DXC50) 43 A 5% 2 e
/Ro ICRUS3 445" R IX 1) Do i A K T45
F 2% DX AR B 52 19 7] 6, B DX 1) Do 2 LK
TAE T 9% IX AR FRE Z iy il i o ASBIF 5 3 A
VMAT 7RI Do 22 7 5 PE R X (P=0.048),
Dyin 22 5770 BB M L (P=0.128) , 1T} Dypeun 22 574 B3
PERE L (P=0.047).,

K2 3IMVMATHRIPTVHIE S (x+s)
Tab.2 Dose distribution of PTV in VMAT plans using MLCi2, A-MLC and B-MLC (Mean+SD)

Paramete MLCi2 A-MLC B-MLC F value P value
Du/Gy 57.88+2.45 55.59+1.87 56.43+1.92 3.364 0.048
D,/ Gy 47.43£1.01 48.29+0.89 47.94+0.99 2.199 0.128
Duea/ Gy 54.62+1.70 53.02+1.30 53.54+1.38 3.393 0.047
HI 0.19+0.05 0.14+0.05 0.16+0.05 3.058 0.062
CI 0.65+0.21 0.72+0.23 0.71+0.23 0.313 0.733

PTV: Planning target volume; VMAT: Volumetric modulated arc therapy; HI: Homogeneity index; CI: Conformity index

2.2 OARFIZE . FFRSE
SENAT O E CLAD UMt X LA 4 59 2 A

ZMARSHS IR S,

3 IFVMAT AT IR RBEFIEARISHLR (%, 7+5)
Tab.3 Comparison of OAR dose—volume parameters among three VMAT plans (%, Mean+SD)

OAR Parameter MLCi2 A-MLC B-MLC F value P value
Ipsilateral lung Vil% 75.05+9.68 65.29+7.74 82.46+5.57 13.268 0.000
Vi/% 48.30+5.81 40.80+6.01 50.47+5.56 8.429 0.001
Va/% 29.48+4.78 25.18+4.71 27.89+4.25 2.473 0.101
Vi/% 20.20+4.47 16.45+£3.94 17.85+3.94 2.328 0.115
Contralateral breast Vi/% 11.25+3.91 9.48+2.48 12.98+3.28 3.149 0.057
Contralateral lung Vi/% 7.77£2.16 7.60+2.31 8.76+2.47 0.808 0.455
Vs/% 1.67+0.94 2.13+1.21 1.86+1.12 0.503 0.609
Heart Vs/% 65.01+7.91 64.70+6.83 74.15+7.59 5.706 0.008
Vi/% 37.33+£8.14 36.01+£8.28 40.81+10.47 0.829 0.446
Va/% 15.68+2.60 12.22+2.87 12.34+3.40 4.778 0.016
V% 7.26+3.01 4.9242.10 5.31+£2.20 2.828 0.075
LAD Dinea/ Gy 24.73£5.59 22.57+6.63 24.63+7.17 0.386 0.683
RCA Dunea/ Gy 4.81+2.33 4.36+1.27 5.25+£1.90 0.625 0.542

LAD: Left anterior descending (coronary artery); RCA: Right coronary artery
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ABEFE 3 VMAT BT - RIE AT B Vs Vi
2 F A BV X (P=0.000, P=0.001) , i V. V25
S TC B B X (P=0.101, P=0.115) ; XU FLIR V, 22
SEIC i M L (P=0.057) 5 X fiti Vs Vs 2 300
1 VETE X (P=0.455, P=0.609) ; LI Vs Vo 22 5
BV L (P=0.008, P=0.016) , 1M Vi0. Vo 22 50

FER X (P=0.446, P=0.075) ; LAD FIRCA 22 %31
B EVEE X (P=0.683, P=0.542).

3R IR SO WL 4, 3 Ff VMAT i)y
TH RS2 7 A9 MU %022 70 e MR L (P=
0.842) , St ) 22 547 e 2 M L (P=0.000)

4 3HETT I MU FETTRSE)( £5)

Tab.4 Comparison of monitor units and treatment delivery time among 3 plans (Mean+SD)

Parameter MLCi2 A-MLC B-MLC F value P value
Monitor units/MU 1169.1£170.2 1215.6+£281.6 1 166.3£195.0 0.173 0.842
Treatment delivery time/min 2.91+0.19 2.73+0.50 3.92+0.21 41.195 0.000

33t i

MLC J& HAC BT AR & i v i) — I 22 & 1
TE VMAT it B i R #5 2% R R Em e . 0t
JA B K T A DX 198 A 220 R 0 R e A
Ko WEHFFEERDT T MLC T8 X T [6] 35547 i oeg
VMAT 810520 . Chae 2" He 48 T 2.5 F15.0 mm
B i MLC 7EHEMAG 8 VMAT B AR h il 22 511, &
PH 2.5 mm MLC 1 VMAT 351 ELA 5 47 (1 #8 X i T
FERI SR . AE—TRER T MLC 58 B % Sk 29030 i g
VMAT X152 W i 58 1, Hong 252 & 31 2.5 mm it
JE MLC %2 5.0 mm 5 &£ MLC #& & 17 #E XS TP
[Fi] Fsf 3% AP i 119 32 R 5 . Lafond 45 LR A 10 A1
4 mm MLC 7E 16 5] 3k #5058 b 88 VMAT 1% v 1) 2%
5, K 4 mm MLC #1119 VMAT 1% i HI f1CL 43
SRR 7.9% M 4.7%, AHFFEH, BT MLCi2 . A-MLC .
B-MLC ) VMAT %1 ) HI, CI 25 53 ¥4 JC . 3 1 7
S i AT R/ N 25 R A R, A-MLC 5%
Z MLCi2 i VMAT 1+ %1 /9 HI B &2 2k 35 , 45 & 2
26.3%, 1fii A-MLC # Z MLCi2 ) VMAT %1 ) CI JR
F2 15 24 10.8% ; B-MLC %5 22 MLCi2 1) VMAT 3% )
HI I CIr 54 55 15.8%F19.2% , 5 Lafond 255745
R—F, Blimer %™ L T 40 %% FH 5 F1 10 mm
MLC TE AT Sk 5058 e A1 51 9 VMAT 1141
rR 2% 5, 45 R R, 5 mm MLC 8 VMAT 3R #8 [X.
HIAICIE T 10 mm MLC i VMAT %1, 4R, 1%
WF5E R 5 #1110 mm MLC () VMAT 3£ Z %1 OAR 11y
FlEAERSHER LR EEES . AR, B
SR Vs Vi FLDIE Vs Vo 2 58 BB MR U, H
R RENZESR

5 B-MLC #f Ft % , MLCi2 Fil A-MLC f) VMAT
T e Sty T 00 et XA L B P AR ) o A7 R Xk

CRE I Vs FTV o RHIFLAR Vs XS Vs 0 E Vs Fl
Vi) /T B-MLC ) VMAT 3% . J5 5 7] GE 75 T
A-MLC -3 FHR R AN 0.3%, )R8 MLCi2 1
3493 515 5 B-MLC W KREUHIA] , 2974 0.6%~0.7%,
AR MLCi2 T F A & G, Bl 78— e R L
B ARE 3. A-MLC M F- 3% 3l 3 e bl
T TR0 52 it 250 %8 R MR 4R T, AR, A-MLC 1Y
VMAT %1% 22 MLCi2 F1 B-MLC 43 51 $2 55 6.2% F1l
30.4% , A3 F T ORIE 8 E VA T A b i 7 B RA L
S, T B T REAR 3 I 28 B B SRR Y7 8L
FEAF R
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