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Monte Carlo simulation of errors in gantry angle and multi-leaf collimators on intensity

modulated arc therapy radiation dose

ZHANG Ruohui' GAO Yulan® BAI Wenwen' MENG Huipeng® WANG Kegiang® CHI Zifeng'
'(Department of Radiation Oncology, The Fourth Hospital of Hebei Medical University, Shijiazhuang 050011, China)

*(Department of Endoscopy, Hebei General Hospital, Shijiazhuang 050051, China)
*(Radiotherapy Center, Tianjin First Central Hospital, Tianjin 300384, China)

‘(Biomedical Engineering Department, Tianjin University, Tianjin 300072, China)

ABSTRACT This study aimed to investigate the impact of conventional linear accelerator errors in the gantry
angle and multi-leaf collimators (MLCs) on the intensity-modulated arc therapy (IMAT) radiation dose for brain
tumors. Seven typical planning datasets of patients with brain tumors were randomly selected and retreated using the
IMAT conventional linear accelerator Varian 23EX. Random and system errors were introduced to modify these
plans while maintaining the remaining treatment information. The dose-volume parameters of the target and critical
organs were compared and analyzed. The results showed that for random single-sided MLCs errors, if a group of

errors was moved outward by 2 mm, the planning target volume (PTV)-D, . increased by approximately 2.7%. If

one side of the MLCs expanded outward with MLC-1, MLC-2, and MLC-rnd, the mean deviations of PTV-D
were 1.12%, 2.15%, and 1.15%, respectively, and the D

respectively. The maximum deviation of PTV-D,

mean

deviations of the lenses were 5.25%, 9.97%, and 5.49%,

because of the deviation of two sets of leaves caused by system

mean

mean

errors (+2 mm) was 0.8%, and maximum dose and D, of the lens and brainstem increased by 11.4%, 15.8% and

mean

1.99%, 1.07%, respectively. By introducing a gantry angle error, the maximum doses of PTV-D,, and-D,,,, reduced

by 2.75% and 0.35%, respectively. An incorrect gantry position results in significant changes in the dosimetric
deviation of the OAR dose-volume histogram, especially for the lens. Note that the maximum and mean dose
deviations of a patient’s lens if the gantry deviation (-2°) were 16.9% and 38.5% higher than those of the reference
plan, respectively. The dose deviation caused by random errors of the MLCs leaves was influenced by the actual size
of the random displacement errors of the leaves and weight of the beam subfield at a specific arc segment. The
maximum dose deviation occurs if MLCs move to the maximum simulation error (+2 mm). The gantry rotation error
had no significant impact on the target area PTV dose distribution; however, it had a significant dose deviation for
the OAR.

KEYWORDS Intensity modulated arc therapy (IMAT), Multi-leaf collimators (MLCs) errors, Gantry errors, Dose
deviations
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FERHRITRy, X EEREIRE a5 W. K MLCs AMPLZAT B AR TR 24 Bk

NRGAFENL AR 22 . FENLIR 22 2 18 i fE e 2%
B TR T R N B XA T B AN TR R R
AR XIGT UG A EA BB G, X
FIEMEREFEE KRR SESREBUNE
J7 (Intensity modulated radiotherapy, IMRT) 5 A #f
bt e iR I (Intensity modulated arc therapy ,
IMAT) £ 67 TR Be v R 5 HE S 7 T 58 I 52 2% .
T e o 22 S BUNAL B 22, WidLEM 2 Hl
MHAE B %% (Multi-leaf collimators , MLCs) 7 17 25 2=
I o R Bz PR AR G KT I B TBOR, 45 T ) s 22
SBEZIG R, BT DA T E b O B S 22 B R 0
oL BRI, S R 2 o R IX ) R B R R

HE X A f& ) 2% B (Organs at risk , OAR) [ 71 & ,
LB R W W] R A T R X AT Ty . R,
HUZEFI MLCs A7 B RS B, 0F 5 R0 B 2 ekt 2% S e
IMAT ¥ 0T B B EZAE Y, R E LR
FIRE R F BN ED . P MLCs A7 & 1% %
X IMRT ¢ AR S AK € (7] 44 & U7 (Stereotactic
body radiation therapy , SBRT) 5 A LA J2 25 F ke # iff
5 YT 96 7 (Volumetric modulated arc therapy,
VMAT) & HOR (177 & f i A foE™ ', (2L _E#t
FoAR I FE T 20 BT B2 ) 5 R SRV R AU SR IR 22
ZENE AN S WG E A ER BRI RR &), oI
P AV 2 L R 2 352 DX 3 R 0 o 7~ SR AT T B0 52
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R Z= 48 K0, 38 H AN fE AE R S L ZE R MLCs %
XA =R . STk, ASHE FT7E Monaco
BT R & 48R R T MC B N4 Rk
IMAT i+%1, #id 5] A MLCs A7 B 1% 2 DL M HL 42 e
FEARZE, TN MLCs 78 37 15 22 % 0 771 &
SOMA), R R 2 O 2 St IMAT R i 5 7 F £t
Ji R ARIE

1 MRERZE

1.1 EBEHIEMIMAT XN

1.1.1 &Pl

FE B BE R R 2 28 DU B B H 2016 421 H 2
2018 4F 6 J3 Wi ih 11 fii e o 96 28 35 rh B AL agk 43¢ 7 497 gk
TRV TS . o B4, L3, Fig
25~65% (h 4143 %), B Z AL KM Eek,
X A2 A 2~6 cmo B3 W 70 8 25088 1 18 A 285
WALERI R FHE N ERCE T ERZ AR, &
FERLME SR 5. 2019MEC028, N4 EEHHEET
CT ¥ W PRI 78 0 4 1R 15 o /20 1 v K1) 48 44 A
(Planning target volume, PTV) F1OARCHEFEMNT .
TN SR IR G2 VI & Tk S e DN
1.1.2 x4

7E Monaco 11 R R4 K H X L B S Rk %
(X-ray voxel Monte Carlo, XVMC) B LA BT 5
BERFIMAT iR, bRt 2808 BIKE
3580, BR4o— AN, ALK FNA ST IR M
BIR 00, BHHCRA 6 MV T2k, AR &N
30 Gy/10 %, BAURGI&E 3 Gy, K30 Gy AlE AL
fPTV A1k 95%(D,,), PTV Y 110% 4k J5 71 &
W V,,<10%, FHEHR KE<22 Gy, iiT<27Gy,
ML 28 F0AL A8 X <26 Gy. 1E % ML H 2k hn 3% 8%
Varian 23EX _F %1+ IMAT i+ &1, B8 557 & % %
1H 72 15 500 MU/min, 122 [ 52 g 5% 3 8 6 °/s.
1E 40 Guan ZEM TR IE , TF Y AE K /N 6 B4R A
MLC 15 Z& AU FE S ARAL I [R] 5200 2 25 o AR SCHE
AL SR B /N5 2<0.5%, MR K F f /Mt
FARFR ICTH S A% (2 mmx2 mm)™,

12 R RIEIRE IR

KiF N2H 23 0 I AE Monaco 1897 iR R G b %
i IMAT i+ &I, FF % HE XA 2% it X (Plan
reference, Pr) . #8504 Pr (Hy 90 Ml s 2H ik, X

BB ] 5 AL S T MLCsy HLAEHIA B DL R RS 52
R EHIRMMUED S, i o ks
XEHTA Prgy ) 5] A MLCs FIHLZE R 2", BRG]\
J7n R COIMAT #4735 7% 7 MLCs 7] #g H BL )
BEALIR ZE: — Ml F 4 K FF 2 mm(MLC-2 mm) .
1 mm (MLC-1 mm) & fifi #1. 7 FF (0~2 mm) ( MLC-
md); (2 IMAT AT 2+ MLCs 7] g HH L) R 4t
WZE: A IR AR A D7 ) # S AE R PR B+ 1 mm
A2 mm; (3 IMAT A7k B AL 4L e 4% ] Rt IR
MRGREZE: PLAEMAERWZEL0.5, £1°, +2°F17]
AE B BEAL AR B 25 (=20 ~ +2°) . R ZEFIANJE,
MR — BB AR 14N TR, AR X o7
YB35 B 9 A\ F Monaco i+ ¥ 245, EHiHE
oA, IR IE OB TR (Plan simulated,
Ps). JEiT DVH B XHE X (PTV 20 B/ 7 &
(Minimum dose, D,,) 1V ¥ 7| & (Mean dose,
D,..) ) FTOAR CELFE i T AL A0 48 B 58D 1 52 s ik
TR 3T o R A D PR S 25 T RI AT
i Z2 11 R A — 3048 % (Percentage deviation, PD) ,
PEAGHLZE 5% 22 F1 MLCs 1% 22 %] IMAT J8U7 77 2 (1) 5%
Wa, 33 T A R R N A St IMAT J6 97 B R 12
Bt G T LR HE 3% 15 22 F MLCs & A7 1% 2 AL IR PR
R

D D,

PD — simu_ refer

Drefer g 100% (1)

2 GRS

2.1 MLCs I EIRZEXRBITHIE 80

F 178 T MLCs i 2 SRR EH S H A
LRI PTV X OAR I EZ R . W1 ERT
MLCs i% 2 %} 7 % e % PTV i) D, “F 3 77 & 2 ,
Bl 1@ APLRZESFE A EmRZ, B 1ObAR
G 7 S EAF R AR ZE . 5T B MLCs BE LR
%, MM AME R ZE N RCK 2 mm 2 T EEE XA
fo e ds B2 AR ERY, FEGEMmMS . X PTV-
D, FIPTV-D, . 53 53N 1 293.6% 12.7%, S5
W R — . X T 7 6 R AR 2
MLCs —fll] 4t 4 MLC-1 mm. MLC-2 mm. MLC-
md I, FEH PTV-D,. V% 2 5 7 v (1.12+
0.24)%- (2.15£0.46)%M1(1.15£0.25)%.

b 1R R B IO U AT AR, A

020302-3



TS - SERE R D RO SN 2 I LA 18 22 X0 e e T 7 71 (A s

T HARBUE N AL 0 Z IR BB, MLCIRZE &
SEUBENFEESS REW S, ERUT KR

R TR

#F1 MLCEHLEZSHPTV X OAR 5SEHRIFIRRE

Table 1 MLC errors leading to dose deviation for PTV and OAR with reference plan X+£s
R — i 5 Oneside B A Twosides
Error 1 mm 2 mm 0~2 mm -2 mm -2 mm 1 mm 2 mm
PTVD,, 1.50+0.47  2.34+0.82  1.14+0.59 0.05+£0.38  0.41£0.53  0.19+0.39  0.11£0.43
PTV D, 3.00+£0.94  4.83+£2.33  3.00+£1.09  -0.95+2.30 -0.07+1.53 -0.22+1.26 -0.93+2.25
PTVD,, 1.12+0.24 215046 1.15£0.25 -0.20+0.06 -0.03+0.07 -0.07+0.14 -0.27+0.28
i D,,, Brainstem D, 1.53+0.47 2.89+1.01 1.52+043 -0.49+093 -0.36+0.72 -0.08+0.64 -0.14+1.03
stk D, Lens D, 4.37+245  8.074£3.23  5.31£3.18 1.90+£6.99  0.58+3.16  0.44+t4.49  0.40+7.88
WAPZE D, Optic nerve D, 2.65+1.24  498+1.92 2754120 -0.13+2.60  0.61+2.26 -0.30+£1.09 -0.40+2.06

AT F B R ML MLCs - 15 22 0 H ) B 5
MECNRE, 5ZF R, HE KR (Dose
maximum, D, )& T 12.4%. B 485 =M
0.36 Gy(ZH DR INE| 0.41 Gy, {HIHL T2 &Y
T 4 16%. 1 B MLC-1 mm. MLC-2 mm.
MLC-rnd 3 25 1 & 44 19~ 22 7510 8 A 22 20 710 h (5.25+
2.100%- (9.97+4.89)% 1 (5.49+2.70)% . 1E i i
Hit ki, BT O & D, AT E D,
B KA 2 2> B0 T 29 7.2% F15.31%. H, X
FMLCs M F 13T 7 (1 mm B2 mm) <= S8 S5 %
R ARG T, WSS 35 52 R 2t 2 A RIS A
F 1 RHIH TR 5 N MLCs &R BEHLA R Gi ik
PR Z 5 5 B X 5 & R e KA B R AR
291 %t T B MLCs FAL IR 2 5 3 T A B4 &
# PTV FIOAR BT 357 & F o 2 7 o

XTI M B4 i S (£2 mm Fl£1 mm) i &
GuinZ g R EmZE, WE 3R, T EE
PTV-D,, M PTV-D,,, B8 KA 72 73 731 218 3.95% A
-0.8%, Ifi Xt F PTV-D,.,, 04V 35 Z N (-0.27+

3.0

PTV @

2.5

2.0

15

PD/ %

1.0

0.5

0.0
1 2 0~2
MLC error / mm

0.28)%. 4 MLCs ¥R 2 42 mm 75 P A J7 )ik 5
K, T B K B 7 & 5 2 2% 1 R
EE AR 22 43 518 1.99% F11.07%, 1T 4k () 9 K 7)o
P 25500 5 22 0 RIUAH BG4 B3 0 7 11.4% Fl
15.8% I T I AR AR PR 52 B

(@) 8
° 6
a4
&2
0 1 ‘ 2 ‘ rnd ‘
One set of leaf error / mm
(b) 3
o\o # 1 | T T
T T T
a-3
5 -2 1 1 2

Two sets of leaf error / mm

BEl1  MLCs BEHLIR % () MR GE iR Z (D)X L IX
D, P 5
Fig. 1 Influence of MLCs random error (a) and system error
(b) on the mean D, value of the target area

Brainstem (b)

PD /%
»

1 2 0~2
MLC error / mm
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=
o
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o N H O

1 2 0~2 1 2 0~2
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2 MLCsFfibLiR % SEEHE PTV(Q M OAR((W~ADIW D, ZEZER
Fig. 2 Randomized errors in MLCs lead to differences in D, dose for patients with PTV (a) and OAR ((b)~(d))

mean

0.2
@ PTV b) 12 Brainstem
0 I
-0.2
Q\O o\o
-~ 04 —
o g
-0.6
-0.8
10 2 =1 1 2 08 7 r P -
MLC error / mm MLC error / mm
© 6 Optic nerve (d)
4
2
®
ES =
5’ 2
o
2
4 -10
-15
-6 -2 -1 1 2
-2 -1 1 2
MLC error / mm MLEsemermm
B3 MLCs ARG iR%ESHHEE PTV (@ FOAR((D)~(ADMID,  ZHEST
Fig. 3 Differences in D, dosage of patients with PTV (a) and OAR ((b)~(d)) caused by MLCs system errors
MR EIREXTAT FIEF2 00 PRI Z (86 PTV 2 OAR IR Z 57 5l AHLEE

AR %), PTV-D, FMPTV-D,. 5% LML
A IBEAR T 2.75% F110.35%, WK 4 F1E 5 Fins.
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£2 PIEEHEESHPTV X OAR 5&E | MARRE

Table 2 Gantry errors leading to dose deviation for PTV and OAR with reference plan X+s
= B4 Gantry
Error -2° -1° -0.5° 0.5° 1° 2° -2°~2°
PTVD, 0.03£0.26  0.09+0.27 0.17+0.39 0.20+0.35 0.34+0.37 0.12+£0.40 0.28 £0.28
PTVD,, 0.03£1.84  0.36+1.41  0.57+£1.05  0.56+£0.75  0.69+0.53  0.54+1.17  0.78+1.25
PTVD,, -0.01+0.11 0.02+0.15  0.04+0.16 -0.03+0.17 -0.01+0.15 -0.02+0.13  0.09+0.13
JixiF D,,, Brainstem Dmax 0.12+0.51  0.44+0.44  0.34+0.34 -0.20+0.33 -0.03+0.44  0.28+0.42  0.30+1.01
sufk D, Lens Dmax -0.43+£9.05 -1.24+4.32 -1.11£3.78 -0.16+4.69 -0.58+7.51  0.84+13.08 -1.41+4.31

max

WAL D, Optic nerve Dmax ~ 0.52+£1.88  0.13%1.78 -0.08+1.72 -1.33£2.13 -0.87+2.27 -0.9042.89  0.71£1.15

S5 22 A - (0.09+£0.13)% . it X 2T LLEH,

3
£ fﬁ 1 L Lo L F T L L B 685 PV 2 OAR O
| S IR AIBER, TSR Tk, — B (LR
2 (R (=20, RO (2% 55 2% 1
FT e ™ L FC R0 G 16.9%, 4% 0.177 Gy B0

Bla LA EE IR M M RN T 0B #0.207 Gy, M5 ABLIRIRZEN-2°0F, S
S IRAEARZER /N R BT R el g N
Fig. 4 Effects of g?ntry angle error on minimum mean dose PR R S R BN T 38.5%, 1 48Xt 71 &
in the target area I 29 0.11 Gy, M 0.278 Gy % 0.385 Gy.
\ s XHF T D, D, &, SIANRZE G B2 17
FE A 10 BT LALR 2, PTV-D,. 100K D Do G
- A IR 2.38% F15.5%, A0S B

(a) 0.4 (b) 6
PTV BrairLstem
0.3 5

N [ L ) lIJ].II“_IL

PD/ %
PD /%

-0.3 =1 4 i
4 05 05 1 2 md 2 "2 1 0505 1 2 md
Gantry error / (°) Gantry error / (°)
(c) 10 (d) 50
2] |
Optic nerve Lens
o 40
6
30
4
2 | - 1 r 20
T 9 'i" Lﬁ |i1 X 10 -I
o ; ) T A |
o P E o .'-
T T = "nI
-4
-10
-6 ‘
. | -20
~10 ‘ -30
24 0505 1 2 md e Y T
Gantry error / (°) Gantry error / (°)

El5 HIEEMRENEFH P PTV (@ OARC(LI~(A)KI D, H 4tz 57

Fig. 5 D__ percentage difference between patient's PTV (a) and OAR ((b)~ (d)) due to gantry positioning error

mean
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