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Acceptance test for volumetric modulated arc therapy system

GAO Xing-wang', WANG Yang’, LIANG Zhi-giang®, ZHOU Ling-hong‘, DENG Xiao-wu®

1. Radiation Oncology Center, 458" Hospital of Chinese People's Liberation Army, Guangzhou 510602, China; 2. ICON-Radiation On-
cology Centre, Sydney 2250, Australia; 3. Department of Pharmacy, 458" Hospital of Chinese People's Liberation Army, Guangzhou
510602, China; 4. School of Biomedical Engineering, Southern Medical University, Guangzhou 510515, China; 5. Department of Ra-
diotherapy, Cancer Center, Sun Yat-sen University, Guangzhou 510060, China

Abstract: Objective To provide quality assurance for the volumetric modulated arc therapy (VMAT) system in clinical
application by testing the accuracy of VMAT delivery and treatment planning system (TPS) calculation. Methods Based on
the protocol TG-142 of American Association of Physicists in Medicine, the mechanical accuracy and beam quality of
accelerator were detected. Base on the heterogeneity phantom, different fields and irradiation conditions, including standard
square field, wedge field, multi- leaf collimator (MLC) diamond field, irregular field, integrated field, oblique incidence,
tangential irradiation, coplanar and non coplanar irradiation, were designed to perform point dose verification for test cases.
Based on the characteristics of VMAT, rotational radiotherapy plans of fixed square field, conformal field, step and dynamic
intensity modulated fields were respectively designed to perform the end to end test for system. Finally, practical VMAT
treatment plans were used to validate the accuracy of VMAT delivery. Results The rotation isocenter off-set errors of
gantry, collimator and couch were within 1.5 mm, with the angle calibration error less than 0.5°. The off-set error of MLC
was within 1.0 mm. The light field showed good coincidence and the coincidence error was within 1.0 mm. The point dose
measured in 8 cases and rotational radiotherapy tests were compared with TPS calculated values, and the deviation errors
were respectively -2.57%-2.30% and -1.83%-1.19%.The gamma pass rates (3.00%, 3 mm) of practical VMAT plans were
better than 95.00%. Conclusion The proposed acceptance test can be applied as validation method for the quality assurance
of VMAT system because it can ensure the accuracy of VMAT delivery and TPS calculation, meeting the clinical criterion.
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a: CIRS phantom and insert  b: Corresponding transverse CT

position image
1 CIRS#&R{F JREAL BT CT b7 B E %
Fig.1 CIRS phantom, insert position and corresponding

transverse CT image

#1 CIRS RN [EHEF WA LR M AEFLE
Tab.1 Inserts of different densities used in CIRS phantom and

corresponding positions

Insert Equivalent . Manufacturer
position material Density/(g - cm) code

1 Plastic water 1.039 WDT3331
2 Plastic water 1.039 WDT3331
3 Plastic water 1.039 WDT3165
4 Plastic water 1.039 WDT3331
5 Plastic water 1.039 WDT3331
6 Lung 0.210 LAAT22
7 Air 0.000 N/A

8 Lung 0.210 LAA734
9 Lung 0.210 LAAT34
10 Bone 1.600 IBN289
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Fig.2 Beam—eye—view for multi—leaf collimator (MLC)

diamond field setup
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a: RODOMS cylindrical

phantom for ion chamber

3 RODOMS [ iEsE AR IR i (e B = AR N EER)
Fig.3 RODOMS cylindrical phantom for ion chamber and film

b: RODOMS cylindrical

phantom for film measurement

measurement

BEE AR R BT Rt o DASE LG A5 X
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namic Arc, Bl VMAT ) ix 4 B 28 4 {33 1) (3 12
AN ST SE BT LR 2,

55 JAF 0 £ 4 £ X 551 £ FURE ) 50 e B E , 4 X6
FRI L 0 UE R FH A5 R S 5 3, (1 CC-13 L B =

=2 ISHER BN fIR05 B S R RS KR E

Tab.2 Beam setup details for rotational radiotherapy

Type PTV Number of field  Gantry angle/® Field size/cm Prescribed dose

Dynamic Arc PTVis 1 190-170 Sliding 2.0 Gy uniform dose to PTVs
Dynamic Arc PTV:, 1 190-170 Sliding 2.0 Gy uniform dose to PTV:,
Dynamic Arc PTV;s, 1 190-170 Sliding 2.0 Gy uniform dose to PTVs,
Arc PTVis 1 190-170 2.0x10.0 2.0 Gy point dose to isocentre
Arc PTV:, 1 190-170 3.0x10.0 2.0 Gy point dose to isocentre
Arc PTVs, 1 190-170 5.0x10.0 2.0 Gy point dose to isocentre
Conformal Arc~ PTVis 1 190-170 Conform to PTV,s 2.0 Gy point dose to isocentre
Conformal Arc ~ PTV;, 1 190-170 Conform to PTV;, 2.0 Gy point dose to isocentre
Conformal Arc~ PTVs, 1 190-170 Conform to PTVs, 2.0 Gy point dose to isocentre
SS IMRT PTVis 3 0, 120 and 240 N/A 2.0 Gy uniform dose to PTV1s
SS IMRT PTV:o 3 0, 120 and 240 N/A 2.0 Gy uniform dose to PTV:,
SS IMRT PTV:, 3] 0, 120 and 240 N/A 2.0 Gy uniform dose to PTVs,

SS IMRT: Step and shoot intensity modulated radiotherapy; PTV: Planning target volume

AR 2 R SRS AAR R 5 W 4 1 25 v a5 R
A0 5 AR X ) SR RS D s, R s
PRSI R ASEAA P 25 v Ak e AR THT A9 — 48 55 5t 4
A yIE %
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ZE{E/NT 1.0 mm, B A 50 9 MLC it 247
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HPREST . RN A SR WL 3R 4,



6 : ~ 545 -

=3 AHE RN AT E RS £ENSFIENELER UK 1-3,5~6)
Tab.3 Point dose with single field irradiation for case 1-3, 5-6

Case Measurement point MU Calculated dose/Gy Measured dose/Gy Deviation/% Criterion/%
1 1 206.2 2.410 2424 -0.69 2
3 206.2 2.000 2.010 -0.51 2
5 206.2 1.730 1.728 0.10 2
9 206.2 0.190 0.176 0.71 4
10 206.2 1.250 1.284 -1.69 3
2 1 779.2 2.000 2.026 -1.26 3
3 3 203.3 2.000 1.955 2.30 3
5 2 181.5 2.000 2.027 -1.32 2
6 3 189.9 2.000 1.994 0.31 3
10 189.9 0.070 0.121 -2.57 5

MU: Monitor unit

4 ZHEFREMAGIHFEMENELERCUIAG 4, Wik H7-8)

Tab.4 Point dose with multi—field irradiation for case 4 and case 7-8

Measurement . Field Calculated Mean dose o .
Case . FieldNo.  Gantry/°  Collimator/® . MU Deviation/%  Criterion/%
point size/cm dose/Gy /Gy
4 5 F1 0 0 15x10 48.8 0.500 0.503 -0.69 2
F2 180 0 15x10 53.6 0.500 0.502 -0.42 3
F3 270 0 15x8 49.3 0.500 0.491 177 3
F4 90 0 15x8 49.5 0.500 0.504 -0.75 3
Four-field
. 2.000 2.001 -0.03
integrated
6 F1 0 0 15x10 48.8 0.030 0.037 -1.32 4
F2 180 0 15x10 53.6 0.040 0.047 -1.46 3
F3 270 0 15%8 49.3 0.660 0.663 -0.63 3
F4 90 0 15x8 49.5 0.340 0.339 0.25 4
Four-field
. 1.070 1.086 -0.79
integrated
7 5 F1 0 0 12x10 70.1 0.667 0.669 -0.28 2
F2 90 90 6x10 1233 0.667 0.674 -0.97 4
F3 270 270 6x10 123.0 0.667 0.672 -0.81 4
Three-field
. 2.001 2.015 -0.69
integrated
8 5 F1 90 330 16x4 70.6 0.667 0.679 -1.76 2
F2 270 30 16x4 70.3 0.667 0.666 0.08 4
F3 30 0 4x4 81.1 0.667 0.670 -0.48 4
Three-field
. 2.001 2.016 -0.73
integrated

* F3 was a non-coplanar beam with couch at 270° in case 8.

2.3 IBRERHVFIERE 1E 95.00% LA I, fF5 Sl bR i 2ok . 385 124
e Bt FR S 00 A0 1 2 0 R HE A 25 R KT iR Y SR I G
2.00%(-1.83%~1.19%) , FAX IR IS UEAY y il aE %E 2.4 2E VMAT BTG
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Tab.5 Point dose measurement of dynamic rotational radiotherapy

Type Diameter prv/cm Calculated dose/cGy Measured dose/cGy Deviation/cGy

Dynamic Arc 15 202.8 202.7 0.03

Dynamic Arc 3.0 200.3 199.2 0.56

Dynamic Arc 5.0 201.6 199.2 1.19

Arc 1.5 200.0 202.2 -1.08

Arc 3.0 200.0 200.4 -0.20

Arc 5.0 200.0 199.8 0.11

Conformal Arc 15 200.0 203.7 -1.83

Conformal Arc 3.0 200.0 199.8 0.08

Conformal Arc 5.0 200.0 198.6 0.72

SS IMRT L3 204.4 204.5 -0.03

SS IMRT 3.0 215.9 2155 0.18

SS IMRT 5.0 254.5 254.4 0.06

6 SEIRVMAT AT AR BT B RELR
Tab.6 Dose deviation of practical VMAT treatment plan in phantom test measurement

Plan Energy/MV Measured absolute dose/cGy Planned absolute dose/cGy Deviation/% Gamma pass rate/%
Plan 1 6 222.82 226.04 -1.4 98
Plan 2 6 225.88 230.92 -2.2 97

VMAT: Volumetric modulated arc therapy
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