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VMAT plan verification based on ArcCHECK phantom and the effects of setup error on dose

verification

SHEN Hao, XIA Bing
Department of Radiotherapy, the First Affiliated Hospital of China Medical University, Shenyang 110001, China

Abstract: Objective To explore the application of ArcCHECK phantom in volumetric modulated arc therapy (VMAT) plan
verification, and to simulate the effects of setup error on dose verification by software. Methods A total of 45 VMAT plans were
randomly collected, including 15 cases of chest tumors, 15 cases of breast cancer and 15 cases of cervical cancer. The dose
distribution measured by ArcCHECK phantom was compared with the calculated result of planning system for analyzing the passing
rates of relative dose (RD) and absolute dose (AD) under Gamma analysis and DTA analysis with the threshold at 10%, 3%/3 mm
and 2%/2 mm. The Sunpatient software from SUNnuclear was used to compare the dose distribution calculated by planning system
with the measured dose distribution and to simulate rotation errors by rotating +0.5°, £1°, £1.5°, +2°, respectively. The passing
rate of plan verification under rotation errors was obtained by comparing the dose distribution after rotation and the dose distribution
calculated by planning system. The software was also used to simulate translation errors. The passing rate of plan verification under
translation errors was obtained by comparing the dose distribution after shifting +1, +£2, +3, +5 mm to the X and Y directions,
respectively, and the calculated results. Results When the threshold was selected at 10%, 3%/3 mm, the passing rate of RD and
AD in VMAT plans for different cancer was basically up to or higher than 95% in Gamma analysis and 90% in DTA analysis. When
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the threshold was selected at 10%, 2%/2 mm, the average passing rates of RD and AD in VMAT plan for different cancer were

only about 80% whether in Gamma analysis or DTA analysis. When the rotation error was greater than or equal to 1°, the one-way

ANOVA on the passing rate of VMAT plan verification by two analysis methods showed that the P value was less than 0.05. When

the translation errors in X and Y directions were greater than or equal to 3 mm, one-way ANOVA showed that the P values were
also less than 0.05. Conclusion ArcCHECK phantom can be well applied to VMAT plan verification. With the threshold at 10%,

3%/3 mm, the passing rate of the verification of VMAT plans for chest tumors, breast cancer and cervical cancer is up to or higher

than 95%, but the passing rate is dropped to about 80% when the threshold was set at 10%, 2%/2 mm. The rotation error which

is greater than or equal to 1° has a significant effect on the passing rate of plan verification, with statistical differences. When the

translation errors in X or Y directions are greater than or equal to 3 mm, there are significant differences in the passing rate of plan

verification between two analysis methods.

Keywords: ArcCHECK; volumetric modulated arc therapy; dose verification; Gamma analysis; DTA analysis; setup error
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Fig.4 Passing rates of the dose verification of VMAT plans for different cancer with Y—directional translation errors
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Tab.5 Results of variance analysis on the effects of Y—directional translation errors on the

Gamma passing rates of VMAT plans for different cancer

Y Fe e e FLIRE
Y 771 /mm
axfili AXSRE AOE gRRE X A
5 0.000 0.000 0.000 0.000 0.000 0.000
3 0.031 0.036 0.041 0.009 0.035 0.000
2 0.956 0.411 0.702 0.474 0.527 0.296
1 0.816 0.980 0.830 0.900 0.947 0.689
1 0.330 0.621 0.498 0.404 0.505 0.113
-2 0.012 0.144 0.050 0.019 0.010 0.000
3 0.000 0.005 0.000 0.000 0.000 0.000
-5 0.000 0.000 0.000 0.000 0.000 0.000
95% K UA b o Wi R SCrh e sm il e e [ S k)

IR ) T E e R B A Bl O E R, s T A2 v
Voo Ve 790 2 M AR L T2 BEDPA S il 2R G 2 %
FEbR , M BERE R 22 K F 5T 1o0F, 20 i Jir 27 71 i
T — S 5, AL I 7 e 14 o X K B R B 11 5
A K., BHEHEXZHERK, BHT
ArcCHECK #4421 em B B, B L 751 200 A RS AN
SEAE, XORE i R G5 R AN R PR () R
AT LA H 22 50500 8 0 1 25 A e 7 o o A TR A
S, T A 2 DX Bl PN, DR okl e R 5 ) s e A
N o FURRIE TR0 () 0 DX R AR A S T A g (H RL R IR
SR I A A TR A AR X AR o il o JUE R e fk 45 2
BRSO BB EIG T S B AR TR B T e A R
25 TR 1 25 23 ok s T #8187l i b i s ), i
T A — e R PR ) R A o o
1 3 AN o b R L ) R 22 AR
H 7R X 20 XA AR A R . AT
5% i 1 ArcCHECK AR A 8 1 1% 2 001 1 751 o
A PEA VMAT 318 B0, B 1 55 &, A4
P& B B A2 iR A R RN, LUS B TIE T AR IR
NAZEE A DVH J7i , AN H 22 %2 0443 B 5] 8 43 A il
i RAE B, I8 EL N 5 6 fE A8 R A2 w0 o M 1
B2 RO IR YT TR A B R SO R
Pl PR R 22 I i L AR R A5 R R
BERE TR 22 KT 45T 1o/, F B IR2ZE K T % T 3 mm
Ff, Gamma i 3o R 4 WU R AIG , 25 5 B e A
IR YT R R R R 2 T G ER A R 2

A TAERE A f 2P AR5T VMAT -3 i
ARG S, T R AR E L RIS TR S A
SRR IR ZE MR 2R, O R R S U LR R

[1] GILLES M, LISE S, RODOLFE V, et al. Assessment of combined use
of ArcCHECK detector and portal dosimetry for delivery quality
assurance of head and neck and prostate volumetric-modulated arc
therapy[J]. J Appl Clin Med Phys, 2018, 19(6): 133-139.

[2] ARISTOPHANOUS M, SUH Y, CHI P C, et al. Initial clinical
experience with ArcCHECK for IMRT/VMAT QA[J]. J Appl Clin
Med Phys, 2016, 17(5): 1-14.

[3] LIG,ZHANGY, JIANG X, et al. Evaluation of the ArcCHECK QA
system for IMRT and VMAT verification[ J ]. Phys Med, 2013, 29(3):
295-303.

[4] HOSJ, HUN-J S, SEUNG K C, et al. Dosimetric verification by using
the ArcCHECK system and 3DVH software for various target sizes[J].
PLoS One, 2015, 10(3): ¢0119937.

[5] THIYAGARAJAN R, NAMBIRAJ A, SINHA S N, et al. Analyzing
the performance of ArcCHECK diode array detector for VMAT plan
[J]. Rep Pract Oncol Radiother, 2015, 21(1): 50-56.

[6] BEDFORD J L, LEE Y K, WAI P, et al. Evaluation of the Delta4
phantom for IMRT and VMAT verification[J |. Phys Med Biol, 2009,
54(9): 167-176.

[7] ELLEFSON S T, CULBERSON W S, BEDNARZ B P, et al. An
analysis of the ArcCHECK-MR diode array's performance for
ViewRay quality assurance[J]. J Appl Clin Med Phys, 2017, 18(4):
161-171.

[8] #KMits, 5o F, F4r ik, % . ArcCHECK % %t 72 57B i 2 AR 3k 45 97

BAFIEF R R AT]. P EE S ELRE, 2014, 31(5): 5136-
5138.
ZHANG J J, QIU X P, LT Q X, et al. Dosimetric verification of
volumetric modulated arc therapy in nasopharyngeal carcinoma
using ArcCHECK system[J]. Chinese Journal of Medical Physics,
2014, 31(5): 5136-5138.

[9] MATUSZAK M M, YAN D, GRILLS 1, et al. Clinical applications of
volumetric modulated arc therapy[J]. Int J Radiat Oncol Biol Phys,
2010, 77(2): 608-616.

[10] PADANNAYIL N M, KOCHUNNY A K, PUZHAKKAL N, et al.
Study of impacts of different evaluation criteria on gamma pass rates
in VMAT QA using MatriXX and EPID[J]. Pol ] Med Phys Eng,
2017, 23(4): 99-107.

[11] ANVARA M V, ATTILI A, CIOCCA M, et al. Quality assurance of



- 438 -

e
AR

] 22

6 37%:

carbon ion and proton beams: a feasibility study for using the 2D
MatriXX detector[ J]. Phys Med, 2016, 32(6): 831-837.

[12] BAILEY D W, SPAANS J D, KUMARASWAMY L K, et al. The
MapCHECK measurement uncertainty function and its effect on
planar dose pass rates[J]. J Appl Clin Med Phys, 2016, 17(2): 165-173.

[13] Hash, sk, Bk, % . HB%IMRT 5 VMAT 7477 09 i+ % 55
FBIERREAR[T]. P EEFHRLEE, 2013, 30(1): 3859-3865.
YIJL,JINXC,ZHOU Y Q, et al. Comparative study on planning
and dose verification of IMRT and VMAT in nasopharyngeal
carcinoma [ J]. Chinese Journal of Medical Physics, 2013, 30(1):
3859-3865.

[14] Z&H#, 2 &R, KB Z, % . PTW729 v ArcCHECK #£ 7 %3 2 7 3%

HATE A R ER ey A [T, P EFHEFEE, 2016, 33(5):
473-4717.
WU AL, WU A D, GENG G X, et al. Application of PTW729 and
ArcCHECK detectors in dose verification of intensity modulated
radiation therapy[J]. Chinese Journal of Medical Physics, 2016, 33(5):
473-477.

[15] CUEVAS F T, FERNANDEZ P D. Quality assurance of dosimetric
parameters with varying gantry angle with ArcCHECK[J]. Phys Med,
2016, 32(3): 331.

[16] 3R B &, MMAL, 77 BT, 5. 0461 S ARAIPIRG T T HE
ArcCHECK 338 52 [T ]. B 97 K 4, 2013, 26(8): 36-38.

CAI Y J, BAI P G, FANG W N, et al. Investigation of 94 patients'

dosimetric verification of volumetric modulated arc therapy for

i

cervical carcinoma using ArcCHECK [J]. Chinese Journal of Medical
Device, 2013, 26(8): 36-38.

[17] sk4itie . 25 F ArcCHECK BEAR BT S0 4B A5 3% 2 %3 3% 2577 % B iiE
a9 a (D], #m: &4 k5, 2015.

ZHANG ] J. Study on the influence of placement error on the
verification of intensity-modulated radiotherapy plan based on
ArcCHECK/[ D ]. Hengyang: Nanhua University, 2015.

[18] MOHAMED A B, ALSHEHRI Y S, ALHADAB A, et al. DVH
analysis using a transmission detector and model-based dose
verification system as a comprehensive pretreatment QA tool for
VMAT plans: clinical experience and results[J]. J Appl Clin Med
Phys, 2019, 20(11): 80-87.

[19] LOW C, TOYE W, PHUNG P, et al. Patient-specific quality assurance
protocol for volumetric modulated Arc therapy using dose volume
histogram[J]. ] Med Phys, 2018, 43(2): 112-118.

[20] SAITO M, KADOYA N, SATO K, et al. Comparison of DVH-based
plan verification methods for VMAT: arcCHECK-3DVH system and
dynalog-based dose reconstruction[J . J Appl Clin Med Phys, 2017,
18(4): 206-214.

[21] KADOYA N, SAITO M, OGASAWARA M, et al. Evaluation of patient
DVH-based QA metrics for prostate VMAT: correlation between
accuracy of estimated 3D patient dose and magnitude of MLC
misalignment[ J ]. J Appl Clin Med Phys, 2015, 16(3): 179-189.

[22] ZHEN H, NELMS B E, TOME W A. Moving from gamma passing
rates to patient DVH-based QA metrics in pretreatment dose QA[T].
Med Phys, 2011, 38(10): 5477-5489.

(3. FHF M)



