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Sensitivity of volumetric modulated arc therapy plan to setup errors in radiotherapy for brain

metastases of various sizes

XU Zhongbiao, HUANG Wei
Department of Radiation Oncology, Guangdong Provincial People's Hospital (Guangdong Academy of Medical Sciences), Southern
Medical University, Guangzhou 510080, China

Abstract: Objective To explore the sensitivity of volumetric modulated arc therapy (VMAT) plan to setup errors in radiotherapy
for brain metastases of various sizes. Methods Five spheres were set to simulate multiple brain metastases in the CT image, with
the volumes of 0.5, 1.7, 4.0, 8.1, and 14.0 cm’, respectively. A single isocenter 5-arc non-coplanar VMAT plan was generated, and
the distance from isocenter to each target was 5 cm. The rotational setup error 6 around the Z axis was simulated by rotating the
treatment couch (clockwise from -3.0° to 3.0°, with a step length of 0.5°); and the translational setup error (from -3.0 mm to
3.0 mm, with a step length of 0.5 mm) was simulated by changing the position of the isocenter on the three-dimensional
axis (X/Y/Z). The dose distribution was recalculated in the optimization conditions remaining unchanged. The target coverage
after rotation and translation was recorded and normalized to the relative coverage without setup error. The correlation between
the target coverage of brain metastases of various sizes and the setup error was analyzed with linear regression method. Results
The relative coverage decreased gradually as rotational setup error increased. With the same rotational setup error, the relative
coverage was in linear correlation with target volume (6=0.5°, P=0.006; 6=1.0°, P=0.024; 6=1.5°, P=0.028; 6=2.0°, P=0.019;
6=2.5°, P=0.014; 6=3.0°, P=0.007), and the relative coverage increased with increasing target volume. When the rotational setup
error was less than 0.5°, the relative coverage was less than 2% regardless of whether the target area was large (14.0 cm®) or small

(0.5 cm’). The relative coverage decreased gradually as translational setup error increased. Compared with large target area, small
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target area was more sensitive to translational setup error. When the translational setup error was less than 0.5 mm, the relative

coverage of the large target area varied less than 2%, while the relative coverage of the small target area (0.5 cm®) decreased by

nearly 5%. Conclusion When the rotational setup error is constant, the relative coverage of the target has linear relationship with

target volume. Small target area is more sensitive to translational setup error than large target area. The rotational setup error within

0.5° and the translational setup error within 0.5 mm are recommended when implementing SRS VMAT plan for small target area.

Keywords: brain metastasis; volumetric modulated arc therapy; rotational setup error; translational setup error; sensitivity

—t A

=[]

i

S AR ZE 1) 5T A1 B} (Stereotaxic Radiosurgery,
SRS) J& 3 2 37 M 1] (4 5 1%, 4 8 e S SR A T
PRI DX fefi A5RE IX 52 3] vy ) AR, S8 DX A J] T O
£ 2 PRI 0] S Ik T £ 52 2R B ) — T RS A
ISP HOR , BAT BRI /DN, S U R0 62, 2331
YR B R G50 o AR A% 8 04 i e B8 SR b HE TR T
77 % 4 6 i 41 i3 97 (Whole Brain Radiotherapy,
WBRT) , SRS E A T & i A= 9 55 %051 # (Biological
Equivalent Dose, BED) , JIifJ# J&y # #2 hil R o 5, I &
i B I5EAE 5T /D B LR 22 A N 7 9 ) G
ST B, SRS MY SE I U vk B A FROGRE A2 BLiE
5 JH 5% (Volumetric Modulated Arc Therapy, VMAT )
FOR, Hh VMAT J& — i i BEUR Y 3 07 07 =X
Al S MR B R , Z i AR i
JEE R k230 S AN UL 0] o g )0 s S I AR A

VMAT S i R0 i e B AT 255 B S 45 1
T VMAT H-3)50 522 2 8 e 45 (BRI 55 % e )
i H A2 MRURHR R A R TR FR AR ) L 1R TR R
SEBR ST o AR VMAT T30 ) B £ 1 (043 467 152 22
R ) ™ I R, AT SE AR RO R R e L
ALl R 2%, N AT AR AL, EER A =
A R PP VMAT R ke fdttE . BRTREINAE AR
22 WIF 5% H 38 12 00 1R 22 X VMAT 1F X1 57 & 53 A 19 5%
M 107 SR T A SRR A S 3 A A [ A R G A A% 7 Xof
SRS VMAT 14 423 152 22 RO BUBNE o A SO 7R
JT 71X ( Treatment Planning System, TPS) & 4t H 45141
ANRIIT 1] ARV R /N 1R 22 |, 2 BT e 22 4 B % 7
I SRS VMAT T3] A [l (4 BRI DO 2037 1 22 Y 85
SR

i o

1 AR EFHZE

1.1 Uaig &

VEHUING R R F () SR e AL CT K& 1 1], CTH
FHZIE R 1.5 mm; FUHLZE AR, STERE R 6 MV
S, BLAE 60 X 4= [ gl sy Z - HE L4 , Hhla] 40 Xt
R BEE A 5 mm, Higx 20 6Pt B SE B R 10 mm, B RS
¥ A 40 cmx40 cm ; B HL % Eclipse 13.5697 11X &4t ,
Kt R Is A, W] S VMAT 13111

1.2 $BX A E K VMAT it %li& it

TS CT UG /2] ] 5 ABRIE A 2 K il RS9
BYRY0.5 e’ (V1) 1.7 em*(V2) (4.0 e’ (V3) 8.1 e’
(VA)F14.0 e’ (V5) , & 1a iz, i@ B 551
AL VMAT 3131, S50 s BRI A 4 5 em.
0° PR A 2R TR 45T s 400 IR A, AL A B2 DA 330°
TEEHIERE 21 20005 70° R A, AL AR EE N 190041 iE
531 320°; 300° RS , HLALFEE DN 100 e 5] 160
330° 5K £, LI A BE N 1600385 Il 21 10°, 4018l 1b
B o ZomfE B AR B B O 350°8% 10°, VMAT it
RIPACR R AT AL (Dose Volume Optimizer, DVO)
S, R AR A4S T 5 047 (Anisotropic Analytical
Algorithm, AAA)FIE, PR &4 2.5 mm/voxel , &b
Jr RN 18 Gy/ AR, 25K 100% Ab 75 71 it 2 /4 ]
95% HUATH, fi Je # B BR fE 2 B RTOG 0225 brfe
1.3 ZALIRE KR

FETPS R4 Mt iR YT IRAAU S Z el o)
O 2E (0 -3k 2 30, 5K R 0.5°) . i B sh %
HULE = e 8 (X/Y/Z) LR B RS 1R 22, SR
TR HIER40.5 . +£1.0 £1.5 .42.0 . +2.5 £3.0 mm. &
U RAC SIS O TR A RIS
SHONBIX IR A £ VMAT 14, AR
REFRPATIRTT T, AR TS0 S8 LA, M X 55
R —BIARK EARORZEIL T BT 35 % Re::

R(x)

0

Re x 100% (1)

Forb, R VTR sl P AR R 22 0 x I AR IX A T35 R,
RBHEABARIERHL X A B R4 R H] OriginPro 2021
s FHEANE RN 0B S ) PR AR % T X
ARG RIS

2.1 REFEIREXN AR EREX BN EZ R

B e e 15 22 KN, 8 DXORE o 5 468 T I
Wk 2a s o AHIRIERE DR ZENE DL T , B DA X B 7 %
SRR IC R A HE DA TRIG I, $E AR B 5
R ETE, ANE 2b FIER 1 PR e IR2E 6<0.5°mF,
i@ U 22 oy B DX AR R B 2 AR WA N , AN AR AR X
AR B 5 R R /N T 1%



5 , . - 531 -

e FTERXSHREE b: VMAT XI5t 5 R =B
E1 XSS 2 E

Figure 1 Schematic diagram of target areas and field distribution
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Figure 2 Effects of rotational setup error on relative coverage of different target areas
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Table 1 Linear correlation analysis of relative coverage and target volume with different rotation and translation errors

N ANEHIC R IR PfH
ORI XA YRrE Z s OfEferma  XHorm YRR 255
0.5°/0.5 mm 0.942 0.839 0.678 0.809 0.006 0.076 0.208 0.097
1.0°/1.0 mm 0.859 0.816 0.720 0.820 0.024 0.092 0.171 0.089
1.5°/1.5 mm 0.848 0.824 0.770 0.816 0.028 0.086 0.128 0.092
2.0°/2.0 mm 0.878 0.824 0.788 0.849 0.019 0.086 0.113 0.069
2.5°/2.5 mm 0.899 0.812 0.790 0.862 0.014 0.095 0.112 0.060
3.0°/3.0 mm 0.936 0.804 0.798 0.862 0.007 0.101 0.105 0.060
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Figure 3 Effects of translational setup error on relative coverage of different target areas
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