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Multileaf collimators of two different leaf widths in radiotherapy of nasopharyngeal carcinoma:

a dosimetric comparison

MA Tianbin, JIANG Zhendong, YU Haidong, ZHANG Hanxiong, HU Dan, CHEN Yibiao
Department of Radiation Oncology, Meizhou People's Hospital (Huangtang Hospital), Meizhou 514031, China

Abstract: Objective To study the dosimetric differences between multileaf collimators (MLC) of different leaf widths (projected
0.5 cm leaf width and 1.0 cm leaf width at the isocenter) in intensity-modulated radiotherapy of nasopharyngeal carcinoma (NPC),
and to explore the dosimetric effect of the leaf width of MLC on target areas and organs-at-risk. Methods The treatment plans
of 31 randomly selected NPC cases in Meizhou People's Hospital (Huangtang Hospital) were re-optimized by accelerator beam
models using MLC of different leaf widths under the condition of unchanged radiotherapy prescription and physical optimization
parameters. The dosimetric parameters of target areas and main organs-at-risk, such as dose volume parameters, mean dose,
conformity index and homogeneity index, were analyzed for discussing the dosimetric differences between 0.5 cm MLC and
1.0 cm MLC. Resulis The analysis of the whole sample showed that the homogeneity index of all target areas and the conformity
index of some target areas (PGTVnx, PCTV2) in treatment plans using 0.5 cm MLC were better than those in treatment plans
using 1.0 cm MLC, with statistical differences (P<0.05). No significant difference between 0.5 cm MLC and 1.0 cm MLC was
found in the dosimetric parameters of organs-at-risk (P>0.05), except for some dosimetric parameters which were significantly
lower in treatment plans using 0.5 cm MLC (P<0.05), including the maximum doses of right optic nerve and optic chiasm, the
mean dose of left temporal lobe and right temporomandibular joint, the V,, of right and left parotid glands, and the mean dose
of trachea and spinal cord. Similar results were obtained in both Pinnacle’ and Monaco planning systems, and there were
statistically significant differences between 0.5 cm MLC and 1.0 cm MLC in target dose conformation and homogeneity, as well
as dose delivered to some organs-at-risk (P<0.05). Conclusion In intensity-modulated radiotherapy of NPC, 0.5 cm MLC can
effectively improve target dose conformation and homogeneity, and also can significantly reduce the dose delivered to some organs-
at-risk, so as to better protect some organs-at-risk adjacent to or overlapping with target areas. Therefore, 0.5 cm MLC is
recommended to be used in qualified hospitals.
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TR A LT A A A R S5 R 2 4 B X R
BAERZ, HEXIERE 2, Sl oy ik
B8RO B AR BT, LA K PR 26 56 1) SRR, B W 9
WP IG5 AR AR R 15%~25% 32 85 5] 80% 22471
P B O 5P 3R )7 (Intensity-Modulated Radiation
Therapy, IMRT ) £ A i H Aij S WA 8 7507 1 £ 2EHOR
Horp Z2 i o B 2% (Multi-Leaf Collimator, MLC) J2: [
FH LR 0 3 25 1) 7 22 20 BB 4y, 2 SE B = kS B M
—HEPH R AT BB A BT B A
2R n R 2 v MLC B8 8 (S ho b #05% ) B8R
1.0 F10.5 cm, 17 0.5 cm MLC &4 Jd &%) Z 8T &
77 B, IEE RS T oD . AR ST £
FEARARBE [ — T K (EERHE ) B R L% MLC (580
AR HER 0.5 F1 1.0 em) 76 & 00 g e A5 R i R 153 o
F R 2F D7 T 22 5], LA FEK 0.5 em MLC 78 & 0 3 &
HH R RS B

1 AR EFHZE

1.1 BEAEH

B AL TE A BE 2016 4F 5 2018 4F [i] £ A )5 &
JEE Y A 31 BT ST Il M A Y,
245, 4 7, AR 31~68 %, T AERY 53 % . B
A B R I RTOG2008 73481 - T1 9 4451, T2 183 7491, T3
19913 4, T4 1 7 91, ¥ JC I ab F # (M=0) ;5 {f H
Pinnacle’ 11X & 45 22 ], Monaco 11X & 45 9 ], 43
HIREEZTIGIT o BB IRYT T R B R
UG B ISR
12 &&

ARYR AT SRR 161 BB N # S Precise,
FL & 40 %) 1.0 cm 98 22 M1 FL % 5 52 MLCi; B Al
2 X6 W7 = b3k n i #§ Synergy-S, B £ 80 X 0.5 cm it
B Lo I B2 R Agility. RIS AR
N\l R R 48 Pinnacle® 9.8 It AR A1 & RLK TR R4
Monaco 5.11 fA . BRI H R H GE A 7l KfL#&
CT590 RT,
1.3 BEXFNBERIFE HDE

FI A BB R A RMSE , AT A, it FH =k 351
JA R E , BRI R— KALAE CT 4, HH 2R
2.5 mm, 7 [ F SR TR T 295 em, 434 FE o
PN E A1, BT AT 0 DR G B 4% R S AR AR ICRU 83
5 b v A L A A S R R & kL b R (Gross
Tumor Volume, GTVnx) . Z& Ml & f& & ik [0 45
(GTVnd1) A7 & f Sk L 45 (GTVnd2) | I R X
(Clinical Tumor Volume, CTV) (ffJ& J& FEl# v] BE 32 1=

14 05 I DX Sul B FT RE A 109 X, v 62 X)) |l R HE
X CTV2 CRR A8 g 26 W24 7 R HE W AT BE 2 Hh 3tk B2
45 e B 1 DX B, 39 R RS D) RO Y 3 ) A X
PGTVnx,PGTVndl , PGTVnd2, PCTV ,PCTV2 } f&
KA B AR P2 RS SO G B BN G T
SRNENN < o N Y N
1.4 itXRIEit

JT A R R 4 28 3 3R R I A A A%
BFIGIT, MR — Y, R 6 MV (= RE X
28 .97 (160°,120°,80°,40°,0°,320°,280° ,240° ,
200°) HLmAFE LG BT, 48 DU SO B DR S B
Z . H bR eRECRIL AR A5, 43 50 458 9 A o sk 25 S5
LS R IS /0 e = N N 9 1 R/ /1K A . 1§ 5
B /N B T RRRN e /N B Bk B — {80 A
5cm*Fl 5 MU, #IX 4b 75 7 £ PGTVnx (T3-T4 )
73.92 Gy/33 f; PGTVnx (T1-T2 1] ) : 69.96 Gy/33 f;
PCTV:60.06 Gy/33 f; PCTV2:50.96 Gy/28 f, i JT &
Ja Sk AR R Rl ik 75 VA — 18, A4k 5 7 ' PGTVnx,
B 25 R R Bl 95%~99% , #4{H 96.2%., Hirh 9 i i %
= = XA Wk T LU AT PCTV2,
1.5 #EIER

i s A1 Bk % (Monitor Unit, MU) , 38 i3 51|
i R T 5 18] (Dose Volume Histogram, DVH) Fll 45
7RI £ 2 T i XA R L Ak T R AR R Ak Ty R
3 XA AR 1538 TP BE 48 %X (Conformal Index,
CI) 14 %) P 48 £ (Homogeneity Index, HI) , it 5% /iy
IR SEAE M 2% B W B K A (D) ARG i F 2550
(Do) o CIEV VXV, ), HH VKR AR T7 5
B DXARFR, VR R AR, VR A Ty 7 A
L, CHAEEH 0~1, CI{A K , i VB & . HI=Dy/
Dy, HiH, D, 278 7 35 #L X 5% PR AL 5 i, Dy, R
T FAOIX 95% RFR R ) B HUE IS Bl =1, HI{E AU,
Y PERRG
1.6 FitFEFR*

fi FH SPSS22.0 K AF X & AR AR LB S 31 ) R 42
(Pinnacle’, Monaco ) FEA S | A T AL BE 0T, 447 & IE 2
ST AT GORE Y B o 22 3RO, WAL [ LBk
FHM ST REAR K5, P<0.05 W ZEFA G X,

2.1 EHERDHER

WIZH R # X (PGTVnx .PCTV2)CI 2% 34 4t it
22 L (P=0.000.,0.004) , 5 A4 2 3+ R P THLAL 13
K] #IX (PGTVnx .PCTV \PCTV2) HI 55 A G it2#
= X (3 P=0.000) , A& 81 2 R0 TR 1, A0S 1
N, HPELIX PCTV /) CL2E 7 T4t i 5 L (P=0.075) ,
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EREE RN 2 MO AR 1 BVAE A [ Ak O 25K | o T
SR H bR RBUNIELAE T, Agility 0.5 cm MLC 1]
DA 2 B T XS Y B A8 A 5 fe AR B R A
PR A 28 R AR 28 S D, 2 W0 50 I R A A0 85 A0 O 4T

X (P<0.05) , #H 2 A TAEAY 1 (X P=0.032.0.001 .
0.000.0.002.,0.010,0.015.,0.003.,0.032.,0.047) , B 1
R (i ] Agility 0.5cm MLC I, 33X 26 1 K g8 B 7l DA
AT 23 25, HADSE XA H FIMU 22 5 04 i1 5
X(P>0.05).

D, 28 A7 B RV, RO A B8 X B8 PRV
(Planning Risk Volume, PRV) D, .. 2= 55 A G i12# &

F1 ETRMRBMAFIT R RTINS HGET DIERGE = )

Tab.1 Results of parameter statistical analysis of plans based on two beam models and two treatment planning system (Mean+SD)

1005.5+ 1005.4+ 1122.9+ 1098.7+

HLasBkEL MU 0.010 0.992  718.5+163.8 777.2+115.5 -2.495 0.037 1.673  0.109
226.6 185.0 1155 1112

PCTV 0.853+0.027 0.823+0.091  1.848 0.075  0.841+0.039 0.855+0.111 -0.380 0.714  0.858+0.020 0.872+0.207 -0.324 0.749

HI 1.25240.039  1.263£0.041 -11.009 0.000  1.244+£0.037 1255£0.039 -6.091 0.000  1.255£0.040 1267+£0.042 -9.073 0.000

HIES D, L/Gy 5.754£1.154 5891£1.076 -1.732 0.094  6.566£1.725 6.869+1.501 -1.793 0.111 5.422+0.608 5.490+0.465 -0.799 0.433

D, R/Gy 5720+1.232 5.824+0.914 -0.952 0.349 6.537+1.827 6.520+1.162  0.057  0.956 5.386+0.701 5.540+0.621 -1.488 0.152

42.954+ 45.909+ 44.061+ 46.742+ 42.502+ 45.568+
-3.702  0.001 -1.679  0.132
14.059 13.454 16.547 15.337 13317 12.983

62.143+ 61.612+ 60.855+ 60.873+ 62.669+ 61.914+

i+ D,../Gy 3 0.178 -0.029  0.977 1.569  0.132
7.537 7.530 9.148 8.532 6.947 7.276

-3.264  0.004

Vo/% 0.899+1.251 0.939+1.434 -0.193  0.848 0.743£1.159  0.693+1.049  0.612  0.558 0.963+1.307 1.040+1.576 -0.263 0.795

V/% 3.090+2.986 3.097+3.027 -0.032 0.975 2.777£3.079  2.769+3.063  0.036  0.972 3.218+3.011 3.231+3.074 -0.044 0.965

28.438+ 28.464+ 29.729+ 29.551+ 27910+ 28.019+
-0.135  0.894 0.699 -0.543  0.593
3.610 3.956 3.968 4310 3.407 3.817

mean
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SRR Monaco Pinnacle
HELX NG P
G E Agilit MLCi Agili MLCi Agilit MLCi
o gility i Pl gility Pl gility g P
(B4 2) (BLAS 1) (B 2) (BEAY 1) (4 2) (BLAS 1)
47.797+ 47.989+ 47.402+ 47.752+ 47.958+ 48.086+
L D, L/Gy 0520 0.607 -0.844 0423 20257 0.800
7.649 7.357 6.405 6.601 8.237 7.791
48.267+ 47.683+ 49.225+ 44.524+ 47.876+ 48.975+
D, R/Gy 0.406  0.688 0.987 0.353 -2.582  0.017
7.591 10.493 8.258 16.884 7.469 6.533
52.277+ 54.579+ 49.447+ 54.202+ 53.434+ 54.733+
TR A V3o L% -2.742  0.010 -3.308 0.011 -1.345 0.193
6.893 4.623 7.387 5.181 6.500 4.496
37.744+ 37.866+ 36.261+ 37.605+ 38.351+ 37.972+
D, L/Gy 0499 0.621 2080 0071 3312 0.003
2.933 2.246 3.781 2.498 2.348 2.188
54.045+ 55.996+ 52.827+ 55.808+ 54.543+ 56.073+
V0 R/% -2.582  0.015 -2.878 0.021 -1.567 0.132
9.750 8.443 8.586 7.967 10.335 8.812
38.070+ 38.200+ 37.619+ 38.306+ 38.255+ 38.156+
D, R/Gy -0.672 0.507 -1.218 0.258 0.767 0.452
3.957 3.760 4.123 3.724 3.972 3.861
. 37.689+ 37.655+ 40.126+ 41.383+ 36.692+ 36.595+
H D, /Gy 0.131 0897 1079 0312 0308 0761
2.588 2.984 3.433 4.345 1.219 2.016
22.534+ 22.798+ 224.410+ 24.932+ 21.780+ 21.842+
D, /Gy 2243 0.032 0315 0.761 0542 0.596
2.498 2.801 2.988 3.334 1.747 1.687
§ 44.682+ 44.780+ 45..580+ 45953+ 44314+ 44.712+
¥4 PRV D.../Gy -0.332  0.742 -0.287 0.781 -1.217 0.237
3.064 3.209 4214 4.197 2.483 3.198
23.447+ 23.657+ 25.153+ 25.595+ 22.694+ 22.759+
D,..../Gy -2.076  0.047 -0.262  0.800 -0.650 0.526
2.624 2.841 3.088 3.346 1.854 1.806
42.132+ 42.508+ 43.122+ 42.733+ 41.727+ 42.349+
3 D, ./ Gy -1.634  0.113 0.139  0.893 -2.850 0.010
3.069 3.231 5.018 5.715 1.808 1.789
33.768+ 34.414+ 34913+ 35.846+ 31.393+ 31.762+
A D,../Gy 3293 0.003 0488 0.638 2966 0.009
6.793 6.902 4.923 5.866 6.906 6.894

Monaco f i Ffl Monaco I & 4t 112141 , Pinnacle f€ 2% ] Pinnacle iR &R 41T kI4, D, :
L CLIEJE BEHEHL, HI: 2 5 M 2, L RARSR ZC M Fn Al

IEFR, V03 54 Gy Rl TR, Vi 1R3R 60 Gy il 1 7 35 (A FH

22 WX RGAHEARLER
Monaco X & G b, P2 1 %) #8 X (PGTVnx .
PCTV.PCTV2) HI 2 & A 4t 1 2% & X (P=0.000,
0.000.,0.001) , #5254 2 fJ T A5 Al 1;¥EI: PGTVnx ) CI
2 RAE G FE X (P=0.023) B 2 TR 1, HL
X (PCTV.PCTV2) CIZEF T4 1124 L (P>0.05),
MR 1R, fo ks B A M D, G IRV,
MU 22 5 A 483t 27 2 O i P=0.015,0.011
0.021.,0.037) , #5144 2 )L T4 1, BIFE Monaco 11X &
4¢3l ] Agility 0.5 cm MLC, 3% 2615} 2%
BT DARAS 24 55 A S A8 B MU 22 55 648
A X (P>0.05) . 7 Pinnacle iHX &4, 41t
R IX (PGTVnx .PCTV .PCTV2)HI 2% 554 Gi i &
X (P=0.007.,0.000,0.000) , B 7Y 2 ff F A5 Y 15 1 [X
(PGTVnx.PCTV2)CI £ 51 4 it & X (P=0.002 .
0.021) , B 2 fff FAR AL 1, HAp X PCTV Y CI 2
SILG2EE L (P>0.05), NF 1 Pin, fE BT
PRAE LD, o VA K e A7 800 A 08060 G 5 A g v
H AR A BE L BE PRV AR 19 D, 2 5 A
45 it 2% 3 X (P=0.004. 0.001 . 0.000. 0.039. 0.017,

RN, D,y s T, V3 A3 30 Gy BB T

0.003.0.032.,0.047.0.003 ) , A7 2 ff T4 1, HABfE
NAEE MMU 258015 L (P>0.05) .

T B S AR E OB i s i K e,

PR T BRI f 2 Oy () e 22—, BT LA
BT BB A AR AR E ARH T 22 LS MLC &
JE 7 BRI R SR TT 1) S0 T i e HE DR i (R
FEEERIESIME) | AR IE 202U i, X5 MLC B A Ji
7 Tl A S AR A 2 A T, R B SERE DR E T
SO S XC LARTE FE L, BB 2 P~ T 25 i

SRR TERE , 2P M2 i X T 2 ) e, Ik
R as R s B8 2 Agility HLSk AR TR P 3T X 36

TERERI S WWERA Goit2ra 3 B ang 1 iR Agility
MUK B 45 T 80 XF 160 F 0.5 cm MLC , iz Z) it Ji 55 P
(6.5 cm/s , MLCiF&2.0 co/s), Bl - - A] DASI]IA X
15.0 cm(MLCi J2& 12.5 cm) , 7] AT 8046 536 7 TR) L 7
R EE TR, WP e, & 1 iR, Zhang 7
TERFZE PR T s . Agility HLsk MLC #1045 AR

AT, 2k i, Agility MLk MLC 2255 H 0 0.59%
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538 %:

(MLCi 2 3.13%) , ixX SR 46 o ¥ XIS T B A 27k
(3R, Ryota 5558 2 i A 52 -RAEHY Agility #1315
FIMLC R ZEST R 0.45% F110.46%, 1T LAFEAE IMRT
FIVMAT B 1 70t . A REE 2 AERI o S M g i 7
TEFHBCE /N B MLC 2584 (9 sk 45 , REZRAS B0 47 iy
XIS AR X A A0, BRSO E ST AAPM
N9 SR AR, 753 Agility H13% 0.5 cm MLC
FE CTE Sk SR Z2 50 55 40 DX R 51 A b CTRN AT 45
ZATF 1.0 cm MLCi2 R%¢, H A 2 FRAE LR Ly
ZIHE T ,0.5 cm MLC A] DL G-His ik 1) H AR ER |

Zhang S YERFST Sk SUMZLAR TR A T ALY
454, Agility MLC RERSGE R IXG& TR RIS S0 REA
BCAR TR A) . RIS P s B B A i rh
B ACTT CRRRIERT) B BRI BE PRV [ D,
LR TG 2AE lad W Xk e fe e e (B T
ik = ) I 5 A DRI SIS , PR MILC R ] DAFEAA TR 3]
e AR e PRAEL o o HE v o L e Rk, 7 P9 4340
Fb AT R SE AR X PCTV, i1 AR R Le ok, 740
IXIE I BB i A I 0 025 5, ARA -l fff FHASEARY 2
SET N T PSR XA TR BRI, FER 15t
THEE R B /R 2806 K A8 B R A E R 2 A AR
RI7E ol PSS 2 3150 o V8 A DR A 8 g A X T
By PR e & 800 . fa R B b iarss

XL SAMRV, M s A g T L (P<0.05),
TSR, X K 28 B F AR A X, o 52 U]
PAFES S e MLC J52 B I X ) s 52, an ] 2 B
PESEVTNAE S B AR 2 SR —N - 224 R slk
A DIARGFH PSS S AN R X ) o, R 1
WE 3 fros , B sl — A R P Ae SR 253 243
FOIX, FEOO X R, 258 Ui s, fir 22 5
At E X (P<0.05) . 4TI E SHIX PCTV A
S, SHTHRL A2 0.5 cm MLC H-RI7E 88 X 5
AHEZD 2 X B 7 VR A BE RS n, P LA 2 3 v, 25 5%
AHET2EE X (P<0.05) , anE 4 FIEL S s, 2L abric
M 0.5 cm MLC H 1.0 cm MLC B4 5 28R, v] LA 4f
H PRI AR , o7 AA RLARNEAR Vyo Mohan 55 ZE R
FEHPHLIESZ T 0.5 cm MLC AJ DL f7-Hb3 2 508 X A {54
& MR E o AR ST SR TR S
R FH 0.5 cm MLC 23 345 B 414 70 i A A FAE R, HL
TEB A SR, 0.5 cm MLC AU BES I L%
A2 ARG B B B R 1 L AT Dy o B 4 () i IX
RIS, A AERLIX PCTV A PCTV2 Hifl3#E 2
[E] , ASIR 2 I B LA DX 5 g Aol P G, BT LA
ST S TN, RS T A R4 A, R AR
WAPEHER . Fiveash 25 "5 2 AR 45 54, 0.5 cm MLC
FEAD PR X 5 i K 2% B A B AR T AT I AR

1 Agility #1357 5% A9 71 5 25 (BX & Monaco %) &%)

Fig.1 Isolated beam field of Agility (from Monaco TPS)

&2 0.5 cm MLC 512 BEV(EUE Monaco X &%t , I BN 2 MR XM E)

Fig.2 Field BEV with 0.5 cm MLC (from Monaco TPS, with the optic chiasma in the red circle)
&3 1.0 cm 35 MLC 5327 BEV (B H Monaco i XI &%, LB RN RZ X ALE)

Fig.3 Field BEV with 1.0 cm MLC (from Monaco TPS, with the optic chiasma in the red circle)
4 0.5 cm 3T MLC 51%7 BEV (B E Monaco 1 X R4t , L BN ZIBARGIE)

Fig.4 Field BEV with 0.5 cm MLC (from Monaco TPS, with the parotid gland in the red circle)
5 1.0 cm 3E MLC 51 %F BEV (U & Monaco it XI &%, L BN 2ERALE)

Fig.5 Field BEV with 1.0 cm MLC (from Monaco TPS, with the parotid gland in the red circle)
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TE Monaco 1T XRI RS, W3k 1 Fios , i #8 IX 1y
SIPEFRECHI 22 5 A i i B X (P<0.05) , iG¥ B 45
0 CLHA PGTVnx 2 5 A 4 it 1 X (P<0.05) , H
R IX 22 53 G it X (P>0.05) . fa LB H
A A D, 25 AT IRV, AR MU 22 34 48
Th 2 X (P<0.05) , HiAth 22 5 & it 2% = L (P>
0.05) ; M 7 Pinnacle’ i3 R G HhBR T 41X PCTV [
CI, A E X CTANHE X HI 22 53 384 Se 248 L (P<
0.05), faMes BRI D, , LKA A5 A )
el VI S 1L A E N 11758 N P i g U DI
A G2 E L (P<0.05) , Hifth 22 57 TG it 24 & &
(P>0.05) . VEEAARITHR R G X R A A 25 57
(), AN TR T3 28 48 B 00 Ak O 12 A Bk i R )
S FEARSE R . Burmeister %O EMFSE 45 5]
TAERIES e FTAEBESE NI RS T ,0.5 cm
MLC 7 S5 WA 9 1 588 13 v ] DLk — 20 4 i L X CT
FUHI, A B AT RLBEART 16 e 4% B 22 4, o] LAatE— 20
PR BE NG AT

(5% i)
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