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The study of three-dimensional dosimetric verification of volumetric-modulated arc therapy

for nasopharyngeal carcinoma based on ArcCHECK-3DVH system

YANG Lu, YU Hui, ZHANG Guogian, ZHANG Quanbin, ZHANG Shuxu
Radiotherapy Center, Cancer Center of Guangzhou Medical University, Guangzhou 510095, China

Abstract: Objective To investigate the application of ArcCHECK-3DVH system in three-dimensional dosimetric verification
of volumetric-modulated arc therapy (VMAT) for nasopharyngeal carcinoma (NPC). Methods 20 WMAT treatment plans
based on Monaco Treatment Planning System (TPS) for NPC have been selected to perform the dosimetric verification by
using the ArcCHECK-3DVH system. The 3D y-pass rates of the TPS dose calculation and ArcCHECK-3DVH system dose
reconstruction have been comparatively analyzed with the criteria of 3 mm/3%, TH=10%, and their dose parameters for
target volumes and organs at risk (OAR), such as Dy, D,y;s D,ocs Dinean Were also compared. Results The 3D y-pass rate of

treatment plans was 98.20% (97.75%, 99.20%), and the difference in parameters for target volumes Dy, D,,,, D,.... between
the TPS calculation dose and the ArcCHECK-3DVH dose reconstruction were mostly less than 3%, with a maximum
difference of less than 5% in some individual cases. For most patients, the y-pass rate for the whole target organs, except
PGTVnd, were higher than 90%. Their difference in parameters for organs at risk (OAR) D, and D, ., were less than 6% and
the y-pass rates for OAR were above 93%. Conclusions The reconstruction doses by the ArcCHECK-3DVH system were in
good agreement with the TPS calculation doses, which provide multiple parameters for the dose verification of VMAT plan
for nasopharyngeal carcinoma, and can help the quality assurance of treatment plans.

Keywords: ArcCHECK; 3DVH; nasopharyngeal carcinoma; volumetric-modulated arc therapy; three-dimensional dosimetric

verification

e

]

[

[¥r#s B #]2020-05-13

(E&TE | M 25 TAERHE H (20181A011095) £ g 2 T [ T i DX R DL i 2 — L BR

[1EHE A JFHER L0984, FEERF5E 5 [0 < BE 224, E-mail: fiona- B TR AR R L BT 4G T EHA Y,
xiaoxuan@163.com

GBASAE 1I0. 1 —h  (ER00  f , y DCAE A 2R BUREFE I 0BT (Volumetric-Modulated
PR AS B T H AR ST , E-mail: gthzsx@163.com Arc Therapy, VMAT) £ A \] 42 & 8 W1 95 36 J7 3k



12 , . ArcCHECK-3DVH

- 1507 -

RS AR T 10 2 4 S I T X IR YT T
R EF7 i & 56 01E (Quality Assurance, QA) . 45 &
Bk © )2z 0 T H R AR TR 5 T
(BN ENES RS (R ETSPN N AE SRS E A=
SRS, DTS R 60 28 A B0 DRI S 2% 1 R ik
JE AR BRI IR SR 45 TR i L Sl Tk L TR
1L, W I A 5T 3 B — S = ) e R T
Fe 4 SunNuclear 23 7] 1) ArcCHECK-3DVH £ 43 5ift 2
JE 0 S 0 ok TR A R AR PN = R AR
PR —He i =R R RE . ENE T IR
T HF ArcCHECK 11 2 5 f B0 EAF 58 ) 1 — 4k
5 E A S 1Y B T R 2, HAR A B X
Monaco 6 J7 11 ¥l & 4t (Treatment Planning System,
TPS) il 22 19 S MR T3l E AT = 4R i ek . R,
AR5 T ArcCHECK-3DVH £ Gi 15 S5 VMAT
IGIT TR g E A

| S 7k

1.1 XBig 5% M4t

AT FE T 50 R 2 A1 1 MonacoV5.11
HIT IR R G TT G I R, 2R 5 42 MOSAIQ
W 2% 22 oK T 1% 3% % Elekta Synergy B2 K
o TEINEE A% LT B T IR, RS A
ArcCHECK-3DVH £ 4t 17 /| it ik . ArcCHECK-
3DVH & 4t 43 45 H T %046 R 4 1 ArcCHECK #5214
SNC Patient FAFF1H] 5 5 X5 L 43 #r 19 3DVH 3K
(Sun Nuclear Corporation, Melbourne, Florida,
V3.3.2) . 3DVH#A R H T 5 5t i 5 2% (Planned
Dose Perturbation, PDP) 315 5 257 "7, e fl 55 &
AR B =45 A, AT N T RO R R
WE o P ARPEAS R (e 25 4% £ TRkt 5 20t
E B (5 B BB R] (1 PDP HLARAR Y
1.2 BEEREITRET

BRI N =R 2 B I o8 5 B 2019 AR89 7 1Y
20 1] 53 Pk S R R A AR IS 27~68 % AR Y 47.5
& o X 20 B, CT 245 /20 1 i X 43 31 A 45
GTVnx.GTVnd .CTV1 #l CTV2; % &7 1% 25 5 [
Y58 AR X 43 %) 4 PGTVnx . PGTVnd . PCTV1
FIPCTV2; & S B AL 46 B 88 G T I p 28 (L AC
SR IR ER O IR R AR B . R
Monaco TPS iy I i /i # % i1 6 MV VMAT 4 , Jf:
Bz R R M 2= ArcCHECK A v, T 557 i,
L DICOM #% 2017, i0 M B E I QA TR .
1.3 MEFE

KB 1) 6 MV VMAT IG 7 HIIF QA H-RiE

% Z MOSAIQ M54 R 40, - TR THRIBIE T A
BARL BT « (1) ArcCHECK AR 4 )~ 441t
(340 [ A4 247 A ArcCHECK B A (1 23 Jes v | 43¢ B
FH P TR 45 ArcCHECK B4, 1 A6 A R i 4 1>
M LED AT 58 BRI RIRES 5 (2) AR : 24
ArcCHECK B4 5 H i 7 () SNC Patient 8.0 i A 4K {4
HEREAE I FTIFRAE A S AR IR 5 (3) 5 B4 Fn 4 X 511)
TAME  ARE SNC Patient F /4 Be a5 A B SCIAERIER R
Fo A0 WA A %o 790 2 5 (4) %R~ SR 1 QAT
KA TS BRI TAE, JFIRAEARDCHY txt AT .acml ST
(5) I IRUES BT K BRI TS B P 9 RT Plan
RT Structures ,RT Dose .CT Images Fl1 QA 115X} 1/ [ RT
plan 1 RT Dose M f1~ 8 5 1) .acml SC/ 5 A %2 3DVH
b, 255 PDP Skt nl A4S dE ) it . JE A
TR y (A DVH B n] 3R A R A e
Monaco TPS TR I 22 5 o AHFIEH y 43 HT i £ 44
BB K 3 mm/3%, BME N 10%, X B %35FR N Dy, -
Dy, F1 Dy [ K25 B EEE S H 8RN D, F1 Do
3DVH $ 4 v 9 791 2 2% 5 Diff (% ) i+ 53 Ak -
Diff (% )=(Dose_3DVH-Dose_TPS)/Dose_TPSX100% .
A SCHEAL SR B, B A B I R B R R 25
Differences (%) /&8 3DVH A1) i 25 B A 4a XL,
BI| Diff (%) |, X2 0 TG B W —28 7
E2ZEEAEEE. B E R 2 R E S T
Gt o ir R R IR S IR EZS 5370
1.4 FitEFH*E

fifi I SPSS 16.0 Ge i1 #1443 Hr i 20 1] £ 3 19 %
g A P R G IE A5 A0  T i Rk S8 5l
ZEFRTN R HBCXT ¢ 46 56 5 1 JE 1E 240 A i 1 Bk
M (QL, Q3) &R, & H] Wilcoxon Fk 1 K 45 .
P<0.05 hESAGZITFE L.

ST 20 {511 SR RE T 1) y T AR S AR A
T A R RIE KA B 0 AR EE R, R X 20 i 8
1Y y 38 3o FOR T A IR y il R IR N 98.20%
(97.75%, 99.20%) o & 1 57 (A 2 Ho e 1 5] £ 25 7
Monaco TPS ZFE i1 (5228 ) Ml ArcCHECK-3DVH %
Geh il i (RGO R B A E TRy (. B
1 ' Parameters Ui B T 1% £8 3 14 57 52 56 91F 0 B R
T 3 mm/3% [y S HrbRife , Global {4 76.791 Gy, BI{E
4 10% ; Comparison #543K H T~ Gamma 73713 , I-456
T AC-PDP 8 iZ 8 #7111 (A i A0 45 503 4941,
HAf5E 3 mm/3% 1Yy s Brbr E R A 494 897 4, T
DLIE 18 (494 897/503 494)~98.3% , HIN I L /s Y



- 1508 -

N e

HH37 4

98.3%, feir i i A1 341 (K A AT 8 563 4, LA 2L 1
HA B 7 28 B 3D Dose AAIAT A o B4 B XTI 1Y
FE(EAI/EDVH EIHh A , SE2 3RS % H(Reference)
& & Monaco 1T X R G it B H , L Z LK E
(Comparison) , {03 3DVH R4t 45 54 5 PDP k45
A9, DVH 52230 7T %685 DVH KRR 43 5 i o5

FLE SETUP TOOLS [DSEPROFRES HELP

Loadad Data MDose OVH  Anatomy Stuciure Anadysis  BEV 40 Workspace
Ral DWH Paidenitirn
D Typa: | Cusmliative
Smuachres Background: | Black
0O Color  ROIName : RefDWH  Sold Thick
son [0 5 % # B E CompOVH | Dashed
Dioss Display Special Tooks
oo, IS - B CuskStats P MaxDose
LUT | Coloe | @

s ExpomDvH
@ B Smookh =0 Cpacty -

Pargenatn

Cursor Posicn

Dot (Gy)
Al Gy
Diff | & = 1 ) Volume () 5200
Global 76790 3 Gy DAH Cursisr Stats

e Sl = Mame Set Gy

; e 0 fooe Brcrm ol 045
e
™ 0.000iES % | Foad 7000
COmpansan I PGTVR Comp 15
Metod Gamma o Comp &7.09
) e —nr Py
B ACPDPVY | 2. Comgem L Rl Ll
- PCTV Comp | 43
Matchng Rate 3% I PCTVZ Rl ——
CTV sl el ]
Mlatching Vorels I PCTVD Come 407
High Vionsds 4 =) £E)
Low Wianels &563 Comp 5.50
Total Voxeds ELTE 404 pngl coed | Foed 335 ¥

A PR 1 eh R B R B D, 68 7 B9, PGTVix
(PGTVp)HYD,, 745 2 TPS 11514 70.00 Gy , £ 3DVH
AT 68.15 Gy. ELRZE ST LI,
G5 ANE 2 % L B PGTVinx X 182 A9 Dy, 2% 57 {1
$7-1.850 Gy, A5k H9-2.643% , TEAR IR SERRIE s
FIFAT H 5 (AL IR A R

1 T TPS(LLZ)MIDVHER M (EL)REBMFIEHRESEMyE
Fig.1 Dose volume histogram and gamma value obtained by TPS (solid line) and the 3DVH software (dashed line)

21 BREFIEER

20 il £ WH i B &, Monaco TPS it & I
ArcCHECK-3DVH R4t 25 t iy X ) 5 42 1 foi .
A B M IX Y y 8 1k R 280, PGTVnx 1 PCTV 1
T FA R MIE A 5 A, 7 TH=10% F1 3 mm/3% Y
PRAE T,y il R TE 94% L) | PGTVnd Al PCTV2
() 18 3 R IR M IE 2573 4, PGTVnd i i R 7] 78
93.23%+4.57%, HH A 4 i 35 PGTVndy 38 i /)N
T 90% , HAth 35K F 90% ; ir 5 445 PCTV2 X W 1 y
A A KR N 95.22%42.76% . 4 b, 46 KAy B
FHHAANIX y il RN 90% L . RTHXHKS
., 20 4] H 5 1) PGTVnd Ml PCTV2 £8 115 a8 3 I i
XoF IV P Dgg,, 15 2 1E AR50, 50 RT R FH ¥ 5 br o 25 7%
o F R B, T L TPS 3HE 1 SDVH I 31 2 1Y
Dy, 22 52 PSR FH T B0 % ¢ K6 56, 10 6 348 A
X 2 FiAS[R] 77 95 AR A 0 HE DXL A4 2 53 DU AR 4JE Diff
(%) A3, 3@ 33 Monaco TPS #11 3DVH 4k /443 7
T PGTVnd 7l i, HudeaxX 2 2804 , & 81 20 1] /3
PGTVnd ) D,, 43 %l & 73.30 (72.28, 74.78) Gy I
73.28(72.02, 74.49) Gy, %f [ Z {8 J&-0.88, K4 H.Ak

2 S F R N 0.43% (0.18%, 1.09%) , H & P {H J&
0.38, X 22 FHEABA G2 . [FBEH TPS
THER 3DVH I & 8 0] K45 PCTV2 1 Dy, 53l K
73.85(73.03, 74.13) Gy #173.74(73.22, 74.51) Gy, P
{4 0.44 X P FR 5 4R A5 137 2 22 S H L T S i1
B T3 e 2 A A TR 5 vk 3 5 PGTVnx
PGTVnd.PCTV1 F1 PCTV2 HAh 7] 2%, M5 1
RIS 1025 SE TR 5y /N T 3%, A4l 1 L 1
K22 FETE 5% LA, ik s 22 R B A Gt 24 &
X, AX3% TPS F1 3DVH 3545 1 [a] — 1 X 55l it ZHUER A
(] ), AE 2330 25 53 B I DR ] 232 31 [l Y
22 BRFB/EWFIZER

T2 PEANH AR T 5T TPS Al ArcCHECK-3DVH
RERMBWE R EERSER RS L. &
3 mm/3% ARET , B & M e B 1Y y il ik 3275 93%
DL b, Horp i ag XL AR FIR R 9 y 38 4% K 100%

FH TPS 11 3DVH 3435 i ] — fi B B 1 s A7
TEZESE . HA AR e X P2 i IRER k5
TR ) Dy 22 BN T 5%, EARA G4
X(P>0.05)., TPSF13DVH 5 ME V, 35 ZARF E 4



12 s ArcCHECK-3DVH - 1509 -
Color  ROIMName Volume (cc) Quick Stat Unit Reference Comparison  Diff (Abs [ %)

brain stem 25160 Mean Gy 24 567 24.097 0470 Gy [-1.915%
brain stem 25160 Max Gy 47139 46428 -0.711 Gy /-1.508%
spinal cord 16.720 Mean Gy 28324 27400 -0924 Gy /-3.261%
spinal cord 16.720 Max Gy 41.036 40.509 -0.527 Gy /-1.284%
chiasm 2368274 Mean Gy 29182 29182 0.000 Gy / 0.000%
chiasm 2368274 Max Gy 45414 45414 0.000 Gy [ 0.000%
temporal lobe-R 85.776 Max Gy 72.359 72478 0120 Gy [ 0.166%
parotid-L 31.256 Mean Gy 30.449 29.365 -1.084 Gy /-3.561%
parotid-L 31.256 V30Gy Yavol 35680 3209 -3.660 %vol [-10.258%
parotid-R 37.088 Mean Gy 30.847 295906 -0.941 Gy /-3.050%
parotid-R 37.088 V30Gy Yavol 48404 46.333 -2.071 %vol [ -4.278%
mandible-| 35.848 Max Gy 66.177 65.775 -0.403 Gy /-0.608%
mandible-R 31.080 Max Gy 65.184 63.110 -0.073 Gy /-0.107%
eye-L 13.160 Mean Gy 7182 5993 0189 Gy [-2627%
eye-L 13.160 Max Gy 24190 23649 -0.540 Gy [-2.234%
eye-R 13.456 Mean Gy 7710 7519 -0.191 Gy /-2482%
eye-R 13.456 Max Gy 36417 36.402 -0.015 Gy /-0.041%
lens-L 0272512 Mean Gy 4437 4437 0.000 Gy [ 0.000%
lens-L 0272512 Max Gy 5587 5587 0.000 Gy [ 0.000%
lens-R 0.2728397 Mean Gy 4104 4104 0.000 Gy / 0.000%
lens-R 0.2728397 Max Gy 5336 5336 0.000 Gy / 0.000%
larynx 69.456 Max Gy 65.814 65.399 045Gy /-0631%
larynx 69.456 V35Gy Yavol 51.889 48134 -3.755 %vol [ -7.236%
- PGTVp 99608 Mean Gy 72240 71133 1107 Gy /-1533%
PGTVp 99.608 D98% Gy 70.000 68.150 -1.850 Gy [ -2643%

2 BT TPSF3DVHRHRBHREFNEERE
Fig.2 Organ dose differences based on TPS and 3DVH software

# 1 EF Monaco TPS M3DVHHRHFMEXFIEFER
Tab.1 The dose differences calculated by the Monaco TPS and the software 3DVH for target

X S8 TPS/Gy 3DVH/Gy t/Z 18 PfE TPS 5 3DVH 2= 31H/% /%
PGTVnx D,,  75.23(74.59,75.54) 75.74(74.39,76.84) 242  <0.05 1.22(0.53, 1.75) 97.70(95.23, 98.48)
Dy, 69.03(65.01,69.74)  67.74(64.51,6835)  -3.40  <0.05 1.29(0.57,2.23)
Do 72.15(71.82,72.39)  71.62(70.80,72.41)  -220  <0.05 0.77(0.39, 1.7)
PGTVnd D,,  73.30(72.28,74.78) 73.28 (72.02,74.49)  -0.88 0.38 0.43(0.18, 1.09) 93.23+4.57
Dyg, 67.06+2.81 65.22+2.68 1190  <0.05 2.74+0.94
Do 70.29(69.11,71.73)  69.06(67.93,70.22)  -3.64  <0.05 1.50(1.19,2.13)
PCTV1 D,,  74.64(74.21,75.02) 7539(74.16,76.13)  -2.46  <0.05 1.11(0.61, 1.71) 97.50(94.45, 98.65)
Dyg,  62.35(60.67,65.06)  61.74(59.60,64.30)  -339  <0.05 1.41(0.83,2.03)
Dy 70.35(69.98,71.00)  69.79(68.92, 70.57) -2.63 <0.05 0.51(0.23, 1.63)
PCTV2 D,,  73.85(73.03,74.13) 73.74(73.22,74.51) -0.78 0.44 0.77(0.35, 1.07) 95.22+2.76
Dygs, 54.81+1.73 53.86x1.78 8.39 <0.05 1.75+0.84
Do 65.36(63.42,6599) 64.51(63.02,65.41)  -334  <0.05 1.11(0.69, 1.60)

e, H VL 1925 508 K 8.89%+4.63% , A Gi it 75 X (P
<0.05), TPS I 155 & K F 3DVH 5 #:55) &, H.A 20 4
A 1R 2 ST 15% , A 2 (9 ) 5 92

SHE/NT 3%, HeARIITE 5%~13%; 5 DL B3R G LA,
T B B I R HA ) B S 822 /N T 6%, 9 H AT

Giit

e L (P<0.05),
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Tab.2 The dose differences calculated by the Monaco TPS and the software 3DVH for OARs
falisE B8 TPS/Gy 3DVH/Gy HZ 18 P  TPS53DVH % 5{H/% ¥/%
i+ D, 55.41(46.90,59.38)  56.20(47.12,59.10)  -2.17 0.03 1.24(0.81,3.72) 99.80(99.70, 100.00)
Dican 31.06+6.00 30.64+6.00 4.89 <0.05 1.57+0.77
A D, 40.04+1.90 39.85+1.87 1.00 0.33 1.04(0.31,2.57) 97.40(94.75, 99.35)
D, 29.52+42.44 28.66+2.41 12.02 <0.05 2.92+0.97
MAER D, 53.07(47.10,55.24)  52.55(46.82,55.76)  -1.07 0.29 0.87(0.05, 1.95) 100.00(100.0, 100.0)
Dy 38.56+12.73 38.18+12.68 1.97 0.07 1.52+1.43
MWHZ D, 53.85(42.75,55.98)  54.71(45.32, 55.56) -0.45 0.65 0.911(0.21, 2.04) 100.00(100.0, 100.0)
D) 28.56+12.98 28.24+12.89 2.94 <0.05 0.40(0.03,2.59)
LS D, 5.49(5.17,6.23) 5.56(5.20, 6.30) -1.18 0.24 1.24(0.58,3.97) 100.000(100.0, 100.0)
4.06(3.38,4.72) 4.06(3.53, 4.65) -1.33 0.18 1.41(0.17,4.38)
R Bk D, 25.70+5.80 25.48+5.66 1.49 0.16 1.70+1.20 100.00(100.0, 100.0)
D, 6.76+1.66 6.65+1.50 1.95 0.07 0.98(0.26, 3.63)
L3 D,.. 65.17+4.08 64.99:+4.04 0.59 0.57 1.04+1.05 97.14+1.85
Vs 66.04+15.42 60.52+16.22 5.99 <0.05 8.89+4.63
JHB Dpewn  32.49(31.20,37.12)  31.68(29.97, 36.60) -3.59 <0.05 2.72(1.46,3.27) 99.90(99.80, 100.0)
TR D, 71.35+3.99 71.8743.73 -2.19 0.05 0.86(0.28, 1.63) 99.70(99.38, 99.83)
wint: D, 72.96+2.85 74.07+2.89 -5.55 <0.05 1.52+1.04 100.00(99.70, 100.0)
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