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[(RE)EM:FTR % rHEAEMLCO) T A & %R £ 54 578 5 5 A2 3% (VMAT) 31 %) Fe-5-38 38 3% (IMRT) 3+ %) 7 2 5 %R
0 £ 5%, i AR 20 4 0B &4, 57 3% 4 VMAT 3+ %) #2 IMRT 3+ %] . 3813 MATLAB 2009a 215 %3+ %) ST 4
FMLCIEF T K 942 E , AH5IN02.05.1.0 mm & & %iR 2, FABF TR A% P EH7H T, il AR
BHA CRERFERE T AMF A2 (gEUD) %ot K 4L B % £ vt £ 51, FFAF L gEUD 2445 vt | 42 2 Z 18 8%
X%, ER: R R EE WA R gEUD 69 £ 40 £ 5§ B A 43t 5 & L (P<0.01), PGTV.PTVnd.PTV1.PTV2. /i
T AL A MIBRR AW IBA S gEUD #9 T AL 5 ot % £ A X R, VMAT i %] %) 4 4 3.6.3.8.4.0.3.0.5.6.
5.6.6.8.6.8 %/mm(P<0.001) ; IMRT #+X| 5% Z4¢4 10.7.10.5.11.2,10.7.16.6.15.0,14.6 . 14.4 %/mm(P<0.001)., £5if:
MLC vt i & iR £ % VMAT 3+ %] 71 2 69 % v o IMRT i X s, A 4RIEPGTV 9 gEUD % 4Lz 4 £ 2% A 1, VMAT #=
IMRT vtk #4032 £ 5450 F 0.6 42 0.2 mm.
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Comparison of dosimetric impacts of MLC systematic errors on VMAT and IMRT plans for

nasopharyngeal carcinoma

YE Shumin, TENG Jianjian, SHI Jinping, ZHANG Liwen, LIU Zhibin
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Foshan 528000, China

Abstract: Objective To study the differences in the dosimetric impacts of multi-leaf collimator (MLC) systematic errors on
volumetric modulated arc therapy (VMAT) and intensity-modulated radiotherapy (IMRT) plans for nasopharyngeal carcinoma.
Methods Twenty patients with nasopharyngeal carcinoma were randomly enrolled in the study. Two different plans, namely VMAT
and IMRT, were designed for each patient. The systematic errors of 0.2, 0.5, 1.0 mm were manually generated by only changing
the positions of MLC leaves in the treatment plan file via MATLAB 2009a. The dose was recomputed after the modified plan
file was inputted to treatment planning system. The impacts of MLC systematic errors on generalized equivalent uniform dose
(gEUD) of planning target volume (PTV) and organ-at-risk between two plans were compared, and the relationship between gEUD
difference and MLC systematic errors was analyzed. Results There were statistical differences in the gEUD variations of PTV
and organs-at-risk between two plans (P<0.001). The gEUD variations of PGTV, PTVnd, PTV1, PTV2, brainstem, spinal cord,
left parotid gland and right parotid gland varied linearly with MLC systematic errors. The corresponding gEUD variations due
to MLC systematic errors in VMAT plan were 3.6, 3.8, 4.0, 3.0, 5.6, 5.6, 6.8 and 6.8 %/mm, respectively (P<0.001), which were
less than 10.7, 10.5, 11.2, 10.7, 16.6, 15.0, 14.6 and 14.4 %/mm in IMRT plan (P<0.001). Conclusion MLC systematic error has
a greater dosimetric impact on IMRT plan than VMAT plan. The MLC system errors in VMAT and IMRT should be less than
0.6 and 0.2 mm, respectively, so as to ensure that the gEUD variation of PGTV is controlled within 2%.

Keywords: nasopharyngeal carcinoma; multi-leaf collimator; systematic error; intensity-modulated radiotherapy; volumetric

modulated arc therapy; dosimetry
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%5 BUIH 5% (Volumetric Modulated Arc Therapy,
VMAT) A8 *f T ¥ i 4 5% (Intensity Modulated
Radiation Therapy, IMRT ) EL. A AL HE 2 55 4 119 551
S3AT IRYTISTRVAD , © 8z M T S R 3R
J7 VMAT il i U DA e SR 52 | 22 UE L
(Multileaf Collimator, MLC ) I o7 & L) K 5 25 571
RIS B 5L I 107 IMRT {GE 1 B2 MLC
o7 B RSP SR . MLC I 3 B 1R 25 40 R Bl
MLR2E S R G 1R 2, 2 X JE s TR 50 o o A 7= A 5
M), 2R 0 158 22 AN BEAIL 5% 25 1 52 B R, AR
SCAUBESTE MLC M A 2R GE iR 223 T 5 I VMAT FI
IMRT PR 5B AT M Y 22 57

1 MR EFHZE

1.1 wHERE

BEAILIE I 1L 5 — A RBEBE 2018 4F 1 H~8 A
[ 4232 VMAT AT 0 S 285 20 1], b 7
i ¢ 1T R 98 8 X (Planning Gross Target Volume,
PGTV) J 70 Gy (2.12x33 Gy) , ik [ 45 3 %] # X
(Planning Target Volume of node, PTVnd) & 68 Gy
(2.06 x 33 Gy) , = f& lIfi JR U X (Planning Target
Volume 1, PTV1) 460 Gy(1.82x33 Gy), F Fi&R #i i
HESFIX (PTV2) 2} 50 Gy(1.64x33 Gy) .
1.2 kgt

fdi ] Eclipse 13.5 X % —1~ S M 191 43 531 15 1
VMAT H-HIRNIMRT 315 . VMAT R4 5 B4 —
ZRATHIEA 179°~181°, HE FL A A BERIE LB RIG UAE 345°
~340°Z [H]HUH ; 75— A5 RHLAE A 181°~179°, HEEL AR A1
JETE15°~20° 2 (B HUE. HEELAN R/ NRRETE 15 em AP,
BRI F 600 MU/min, IMRT i1%15% H 9 BF 5h 234
5, HILAEAA 4351 R 0°,40° .80°,120°,160°,200° ,240°
280°.320°, fE EL A% A R 00, AR ISR KN 57 R
47400 MU/min.  [A]—J5 G PRI 3, 71
EASOIR. A TR DG P E A (Photon
Optimizer, PO)13.5 #7004k , R FH 45 1) Sk 4307
4.1 (Anisotropic Analytical Algorithm, AAA)13.5 #E4T
FRI T AR AN2.5 mm. IEIFHH 6 MV LT
28, 7F Varian A &) {9 Trilogy FHUTIRIT  iZINEELHTA
40 XF 0, HIE] 20 X A S EE R 0.5 om, FLAS
RIYSERE A 1 em,
1.3 & F 2GR E

W WA R SR RIS BRI &R
i S, R MATLAB R2009a 31425 , & 0kit
Rl S MLC M R 7, A5 IA-1.0.-0.5.-0.2

0.2.0.5.1.0 mm WY RGEDR 2 . 1222 RN FRoR it
F TR BRAE N Oy TE BT s i[RI BRAE O, AU ek
B AL E, — 2R AT R A e ]
R VAN E RN prseti ) W 5 W DA
FIEAL G BRI E  z Zhrt ) d/ MR 5 mm,
— NP A A AR A B 22/ N T
15 em. BHEUUS TS T AR R G, B
B TR R

14 £YMZFFE— % 15 F = (generalized
Equivalent Uniform Dose, gEUD)

MBI R g b s Rl s AR B L T
#X (PGTV . PTVnd.PTV1.PTV2) fil fE K #% B (Jik
T RS 2 MIEAR A7 IR ) (9 gEUD. gEUD J&48
RN DI o) BRI 7 A 5 SEBR 5 £ 40 A AR ] Y 5
IR AN LAE TR R A= (D PR

%
gEUD = (ZDLD;I] (1)

7

Horr, v, 3R %232 DR RS IR, o 2 RS B
IRBRN R S5, S8 a S 1] AAPM 106
SR X - 10, Tk 16, - BE L 20, BEAR BE
1. 7158 gBUD BIAIXTAELE, 24 (2) 7R

EUD_-¢EUD, ., .
& gﬁ:mg) e 100% (2)
Hrr, oEUD, FREHIHII gEUD, 1M} gEUD,,.,,,.. 271
SRS gEUD, AgEUD, R 28k AR XS 22 5]
1.5 Git=aH

K SPSS 22.0 #E47 B4 43 A1 , H 8 0 kLR

Brgc« bR 07 NFROR s A 22 IR M IE S 2040
KBNS ¢ K55, P<0.05 M 2ESF HA G FE L, [\
st [T 05 BT 4G I MILC 2R G815 25 15 1 W2 ) e A
it Qi 2 0] AU 2R PR R

2.1 $B[X gEUD Tk LL

W 1R, R FTFHEX gEUD ,MLC RS8R 2%
VMAT [ 5 I b IMRT /), 22 55 A it 22 5 X
(P<0.001) . 4§ MLC % 2% 4 0.2, 0.5, 1.0 mm H¥ ,
VMAT i gEUD 2246 73 5 15 1% . 2% 4% 2 44, i
IMRT ZEALTE 2% 5% 1% H
22 fEREE gEUD T HILL %

W 2 PR 6 i B BE TR AR e AR 1
gEUD , MLC & %t 1% 22 X} VMAT [ 5 i 3, [t IMRT
N, EFEAGIEE X (P<0.001), XfMLCIRZE N
0.2.0.5.1.0 mm I, VMAT () gEUD 284643 5175 1%
3% .6% /A7, 1M IMRT 220 7E 3% . 7% . 15% /5 47 o

AgEUD =
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1 EERAEMITRIZ B MLC RGHREWIEX gEUD BRI ( £ +5 ,%)
Tab.1 Comparison of the impacts of MLC systematic errors on gEUD of target

areas between two plans (Mean+SD, %)

R T PGTV

PTVnd PTV1 PTV2

-1.0mm  VMAT  -3.66+0.50
IMRT  -10.51£0.71
i 63.976
P <0.001
-05mm  VMAT  -1.82+0.25
IMRT  -5.29+0.34
i 67.394
PH <0.001
02mm  VMAT  -0.72+0.10
IMRT  -2.14+0.13
HH 73.092
PH <0.001
02mm  VMAT 0.720.11
IMRT 2.15+0.16
HH -52.285
PH <0.001
0.5mm  VMAT 1.79+0.26
IMRT 5.4140.37
2R -60.026
PlA <0.001
1.0mm  VMAT 3.53+0.522
IMRT  10.79+0.71
A -63.338

PiA <0.001

-3.86+0.53 -4.12+0.47 -3.05+0.64

-10.54+0.75 -11.11£0.57  -10.67+0.72

41.606 81.862 44.480
<0.001 <0.001 <0.001
-1.92+0.27 -2.03+0.23 -1.51+0.32

-5.33+0.37 -5.62+0.29 -5.42+0.37

41.441 77.341 43513
<0.001 <0.001 <0.001
-0.77£0.11 -0.80+0.09 -0.60+0.13

-2.20+0.15 -2.31+0.12 -2.26+0.16
41.594 68.391 40.487
<0.001 <0.001 <0.001

0.76+0.11 0.79+0.09 0.60+0.13

2.01+0.18 2.19+0.13 2.04+0.15
-33.955 -81.411 -48.768
<0.001 <0.001 <0.001
1.90+0.28 1.96+0.24 1.49+0.33
5.18+0.41 5.61+0.32 5.29+0.38
-36.509 -80.890 -46.835
<0.001 <0.001 <0.001
3.75+0.55 3.86+0.47 2.95+0.66
10.43+0.81 11.26+0.63 10.68+0.77
-37.376 -79.524 -46.225

<0.001 <0.001 <0.001

VMAT : 25 FUHSRIBUNAYT s IMRT A5 BURA YT s PGTV TR FE X s PTVd : 3T
RIPRELEE R X PTVL : Sl AR X PTV2 T S50 Fl iy HE S X

23 MLC RFiRES gEUD T HIX &R

AREIRZEHN-1.0~1.0 mm I ,MLC &4t iR 25
gBUD 1y 78 b Bl 2 P ¢ &, X} T VMAT Fl1 IMRT,
PGTV .PTVnd .PTV1 .PTV2 Ji5iT . &88E A IR IR |
A7 R 55 2 MLC R 48R 2 A8 L5 9 3.6 5
10.7 %/mm.3.8 5 10.5 %/mm.4.0 5 11.2 %/mm. 3.0
510.7 %/mm . 5.6 5 16.6 %/mm 5.6 5 15.0 %/mm,
6.8 55 14.6 %/mm 6.8 5 14.4 %/mm, MLC %22 %} ik
+ BB VAR AE S AR E gBUD Y RZ I LS X Y 5
MR (R3) 0

ok TR P e T3 L DX L 5 6 fi T A IR S AR
296 KAt B DR DRI A T 51 ek 7 Y ) o i 2 s K
i B A A2 BGRB8 R RS OR R T i 2l 2s
MLC I o7 BRI B R 2 Y 560 2, REAS £ X A
Jedid B Z I — A B SR AR

MLC RGuiR % T B i H I sl 2 A
ZIBEDRIZ KT GRS BT D A DR 22 | AN [ O o7
Ab S AP B ARG L BRI R G A i
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Tab.2 Comparison of the impacts of MLC systematic error on gEUD of organs—at—

risk between two plans (Mean=SD, %)

R Rl i+ i ZE MR EERIIIYS
-1.0mm  VMAT -5.32+0.78 -5.27+0.49 -6.68+1.00 -6.61+1.37
IMRT  -14.97+0.76  -12.94+1.03 -13.63+£0.78  -13.41+1.23

tH 48.449 38.309 43.247 40.236

P{H <0.001 <0.001 <0.001 <0.001
-0.5mm  VMAT -2.73+0.41 -2.70+0.27 -3.37£0.51 -3.34+0.70
IMRT -7.76+0.41 -6.77+0.58 -7.15+0.43 -7.01+0.64

HE 47.662 36.076 45.4 41.151

PAE <0.001 <0.001 <0.001 <0.001
-02mm  VMAT -1.1120.17 -1.10+0.11 -1.36+0.21 -1.35+0.28
IMRT -3.18+0.17 -2.82+0.26 -3.06+0.18 -3.00+0.25

il 49.808 33.215 45.844 39.939

PlE <0.001 <0.001 <0.001 <0.001
0.2 mm VMAT 1.16+0.18 1.14+0.12 1.38+0.21 1.37+0.29
IMRT 3.55+0.30 3.27+0.31 2.86+0.29 2.80+0.38

tH -38.459 -36.539 -36.425 -34.953

P{H <0.001 <0.001 <0.001 <0.001
$ 0.5 mm VMAT 2.93+0.46 2.88+0.32 3.46+0.53 3.43+0.73
IMRT 8.994+0.72 8.36+0.81 7.59+0.70 7.44+0.88

HH -41.277 -36.315 -44.976 -45.586

PiE <0.001 <0.001 <0.001 <0.001
1.0 mm VMAT 5.96+0.94 5.85+0.66 6.96+1.07 6.91+1.48
IMRT 18.20+1.45 16.96+1.70 15.55+1.39 15.26+1.74

tH -41.765 -34.841 -47.427 -48.960

PIE <0.001 <0.001 <0.001 <0.001

BRERET A EFH LA SR ALIETE M 7 2R
22 FEUN R GUR 2 FF IR 2200 N AL M R 1) AR R 7
) AR T 1) B8 sl P2E 0 24 MLC PRZLI 7 [ 4 7]
7 150 K Bl HAN O S35 B R/ N % 551 AR A A S 4
/N3G A LA R TR AR MEARAL S
L R ) AR 2 5 [0 8% Bl SR 25 AR R B 45 /)N, Mu
SECWEIT T IR 22X 12 4] Sk 2500 A6 1 R s
BRI, R B 1 mm 1R 25 T XY Des, il T
IR B8 ) e AT Bt AR A R 2498 4% , T I Ji - 247511 i
AR N 9% B LLEZAEA DT A MLC fi)
HRTT R SR LA TR 08T o

Py B LA 9 2 R R S e RS T A
Wy=750 4 gBUD ISR PPN fif 5 4514 32 B A2 2150

HE S 198 A 3 24350, AT S e e 2 59 e AR L
P 2 ) A8 ARt 34, DR A 42 5] o o 5 FH R O
i 22 X I DX B 4 B 3 BT 7R S 52 A . Oliver
EUIESE T MLC R Ge 1% 25 %7 10 I Hi5 51 ik 5 VMAT
TR S2 0, 45 5 % B MLC M- 7 [8] [i)38 ghif, PTV
) gEUD 284625 1 %/mm, 1fif MLC M- | 52 1] 32 i),
PTV 11 gEUD 281625 8 %/mm, FRIGAZ (1) AYE X,
RS OR A w7 R 5] 2 D, 2 5% i A= ) 57 i gBUD
IR 2, MLC 15222 AT DA Ja] i 5 | 362 A2 PR AR A5 4 A
Ak RIAS SO 23 B AT T M R IR 2ZE R AR )
SERVERSE A, BF9E 515 Oliver M [ .

Rangel Z' 5T T MLC R Gt 2%+ 7 4 3k i
IMRT XI5 A 520, & B0 1 mm A9 R B0 1R 22 ff I
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Tab.3 Linear relationship between gEUD variations and MLC systematic errors (%/mm)

#*3 MLC RFIRES gEUD A3 LAY L1 52 & (%/mm)

95% {5 X 1]
4tk e R R i PfH
Y TR
PGTV VMAT 3.597 3.688 3.505 0.981 78203 <0.001
IMRT 10.664 10.791 10.536 0.996  166.012 <0.001
PTVnd VMAT 3.808 3.904 3.712 0981  78.674 <0.001
IMRT 10.492 10.631 10.353 0.995  149.683 <0.001
PTVI VMAT 3.989 4.074 3.905 0.987  93.540 <0.001
IMRT 11.193 11.300 11.085 0.997  205.353 <0.001
PTV2 VMAT 3.003 3.119 2.887 0.957 51284 <0.001
IMRT 10.684 10.817 10.550 0.995 158.584 <0.001
Jigi T VMAT 5.644 5.802 5.486 0.977  70.866 <0.001
IMRT 16.630 16.895 16.364 0.992  123.907 <0.001
Eoi VMAT 5.566 5.674 5.457 0.989 101.554 <0.001
IMRT 14.995 15.320 14.670 0.986 91381 <0.001
LA VMAT 6.822 7.007 6.637 0.978  73.035 <0.001
IMRT 14.622 14.859 14.386 0.992 122353  <0.001
A AR VMAT 6.761 7.016 6.507 0.959 52,607 <0.001
IMRT 14.362 14.656 14.068 0.988  90.454 <0.001

PREEIX FATEHE) gEUD 43512072F 6%F14%. Oliver 45"
5T T MLC 1522 %} 8 9]k #8 VMAT 115175 2 i 52
Wi, 3 1 mm Y R G 1R 2200 PTV MIE 61 gEUD 43
SIS 3%H12%. Oliver X i Rangel [T, TA A U
Sfd PTV 1) gEUD 22 L 7F 2% LA N, VMAT il IMRT
TR B MLC 3% 22 )i 43 3]/ T 0.76 F1 0.36 mm,
Oliver H#%5|H T Rangel BB Kt , A X5 AR [H
B AN AT IR Y7 TR R GE A HH ], TR 5 45
R ZE ] T T AR RN

SRR XS 20 ) S R BB E R T T RS L SR A AH
[f] A9 MLC e & PLAb 5 TR SRE A3 A%, E
5T MLC iR 22X VMAT 1 IMRT 151 5 1 19 22 51
WFE & I VMAT %) MLC 15 22 % # [X F1 15 M g B
gEUD A2 L IMRT R/, A0 R Z R ] PGTV
i gEUD ZZ L AE 2% AN , X F VMAT #l IMRT,, MLC
RYREBIB/NT 0.6 F10.2 mm, 2 ST 45
5 Oliver #H{8,

MLC % 4 % 22 %t IMRT 1 %] gEUD F) 5% Wi [t
VMAT 330 2K (%) Jit X AT B 7E T PR A 3o =2 ] 9 22
Ao Eclipse 1141 RS A4k IMRT 3R] isf >R 3 T3
H AR Ak VMAT 3% i 5% 0 2 B 4

AT FEAL I I IES S HIXTF VMAT 31481, IMRT
TR PLE B RO , T 2, T E VN, M F
() MLC B 250/ INF BT 1500 FE R T B

SR RS 7R R AE ARV IR 25 VE R 2 P, 0
FIFE B EPID S5 i T E g %t MLC iy |7 8
PEAFAG I 120 S AT IMRT TR B 75 2 FL A T VMAT
TR T 5™ 1) MLC J5t 4511
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